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Abstract: The most important goals included in the Europe 2020 Strategy are climate/energy targets,
which determine not only the achievement of its other goals but also climate neutrality by 2050. This
article aims to assess the efficiency of implementing the climate/energy targets of the Europe 2020
Strategy and to analyse changes over time, taking into consideration the structural diversity between
the old (EU 15) and new EU members (EU 13) in the period of 2014–2018. The assessment of changes
in the efficiency of climate/energy targets over time adds value to the evaluation methods used to date
in this area. This was done using data envelopment analysis (DEA) and the Malmquist index. Earlier
works usually specified only the level of target achievement, mostly jointly in relation to all of the
goals of the Europe 2020 Strategy. The efficiency of their implementation at the macroeconomic level
has not been studied. Furthermore, the added value of this paper consists in obtaining additional
information concerning the internal structure and character of the studied efficiency of old and
new member states. Changes in the efficiency level have been analysed with regard to the key
climate/energy indicators used to monitor the Europe 2020 Strategy. Based on the results, the EU
countries were divided into six groups with similar levels of efficiency in achieving energy and
climate objectives and ranked using the DEA–Malmquist index according to changes in their level
over time. This makes it possible not only to assess the performance of countries but also to formulate
recommendations for decision-makers.

Keywords: efficiency; climate/energy targets; Europe 2020 Strategy; old and new member states

1. Introduction

Global climate change is one of the fundamental problems of our time. Its solution
depends on close, original, and effective cooperation among all states. Meeting this
condition has turned out to be most difficult, as evidenced by the unfulfilled climate and
energy targets set in previous international agreements. The European Union (EU) has been
engaged in implementing international climate/energy agreements for a long time now.
As a community, it mostly reduced the global emission of greenhouse gasses, which made
it a leader in fulfilling these obligations [1]. The EU consequently undertook steps obliging
its members to carry out proper actions to this end. This has been expressed, for example,
by the Europe 2020 Strategy valid between 2010 and 2020. The Europe 2020 Strategy
constituted a recently ended 10-year programme of socio-economic development of the
EU, including economic, social, and environmental targets. One of its three main priorities
consisted of sustainable development: supporting the economy by taking advantage
of resources in a more effective, more environmentally friendly, and more competitive
manner [2]. The main goals, or rather a package of climate/energy targets corresponding
to this priority (the so-called 3 × 20), were as follows:
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• Reducing CO2 emissions by at least 20% compared to 1990 or, if conditions allow it,
even by 30%;

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

• Increasing the efficiency of energy use by 20%.

Their implementation is vital because they condition the achievement of other goals
of the Europe 2020 Strategy, as well as the newly established goals in terms of climate
neutrality by 2050. To measure them, a set of synthetic indicators have been established,
which make it possible to compare the achievements at the national, community, and
international levels [3].

The EU member states have undertaken various actions to achieve the climate/energy
targets of the Europe 2020 Strategy. In the literature it is possible to find examples of
assessing the level of attaining these goals [4], which allow for determining the degree of
compliance of member states with their obligations in this area and provide a range of other
information on this subject. However, there is a lack of publications evaluating the efficiency
of their implementation at the macroeconomic level and of ones that would include a
comparison with old and new EU members in the way this article does. Calculating the
efficiency of countries’ climate/energy targets not only compares their achievements but
is also critical to achieving climate neutrality by 2050. Efficiency constitutes a vital factor
in determining decision-making at all levels of management. Understanding efficiency
is of great practical importance for policymakers tasked with considering and ensuring
sustainable socio-economic development, for example, by achieving climate/energy targets.
Thus, it is worth verifying whether the implementation of such important goals for the
Earth was effective in the EU member states.

Considering the existing research gap and the end of the validity period for the Europe
2020 Strategy, it was decided to address this issue. Thus, the aim of the article is to assess the
efficiency of implementing climate/energy targets by the old and new EU member states
in 2014–2018 and to compare the achieved results. The assumed turning point results from
the lack of data concerning the national expenditure on environmental protection variables
used for calculations. Also, the article attempts to answer three research questions:

• Was the implementation of the climate/energy targets effective in all countries of both
member groups?

• How has the efficiency of implementing the climate/energy targets of the old and new
EU member states changed over time?

• Are there significant differences in the efficiency level concerning implementing
climate/energy targets between the old and new EU member states?

Non-parametric data envelopment analysis (DEA) and the DEA–Malmquist index
have been used to achieve the aim of this study. The DEA method allows for a relative
assessment of the efficiency and performance of a set of equivalent units, referred to
as decision making units (DMUs). DEA is convenient for determining the efficiency of
DMUs (in the article—old and new EU members) that are mutually comparable, i.e., take
advantage of the same inputs and produce the same products but have different efficiencies.
Determining whether a DMU is effective on the basis of observed data is equivalent to
testing whether a DMU is at the boundary of the set of production possibilities [5].

Initially, the DEA method was mainly used to assess performance in economic sectors
and national conditions [6,7], but over time, it began to be used in the public sphere, as
reported by Štikarová [8]. For example, Stanickova [9] used it to assess the efficiency
of achieving social goals, while Koçak et al. [10] and Ezici et al. [11] used it to assess
environmental efficiency/eco-efficiency. The DEA method constitutes a convenient method
of comparing national performance as an assumption for territory performance, because it
assesses not only one factor, but also a set of different factors that determine the degree
of economic development. Currently, DEA is the most common method for assessing the
efficiency of similar objects over the same time horizon [12–14]. Apart from indicating the
efficiency level, the DEA method also provides information on how much input or output
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variables must be changed for ineffective DMUs to become effective. Thanks to this feature,
it contributes to the development of policy recommendations by delivering concrete results
to decision makers.

The assessment of changes in the efficiency of climate/energy targets over time is an
added value compared to the methods of assessment used to date in this area. No such
study has been conducted. Usually, only the level of achieving targets has been determined,
in most cases jointly in relation to all the goals of the Europe 2020 Strategy. This was
done, among others, by Rappai [1], Pasimeni [3], and Gatto et al. [15]. The efficiency of
achieving these goals at a macroeconomic level has not been studied. Therefore, the use of
the DEA–Malmquist index for this should be considered a novel approach to research in
this area. Moreover, obtaining additional information concerning the internal structure and
nature of the studied efficiency of old and new EU members constitutes an added value.
Changes in the efficiency level have been analysed with regard to the key climate/energy
indicators used to monitor the implementation of the Europe 2020 Strategy and reported
by Eurostat.

The remaining part of the article is organized as follows: a synthetic review of the
literature concerning the measurement of efficiency using the DEA method, with particular
emphasis on the DEA method at a macroeconomic level, the description of the research
methodology, and the presentation of the research results.

The research shows that implementing climate/energy targets was ineffective in most
countries, regardless of how long they were member states. Only seven countries were
effective in their implementation. The article ends with a summary including analysis
conclusions, answers to the posed questions, recommendations for policymakers, and
suggestions for further research directions.

2. Literature Review

The EU stands out with great commitment to and experience in fighting climate
change and ensuring sustainable energy. In 2015, the EU’s progress in implementing
climate/energy targets was significantly greater than that of other countries. Despite
that, during the United Nations Climate Change Conference (COP 2015) conference in
Paris, it turned out that the changes were insufficient in relation to the existing climate
situation [16]. It was indicated that it is necessary to intensify actions in this area not only
by the EU, but also by other countries [17]. It should be mentioned that the assessment
made at that time, as well as the following ones [18], concerned only the degree of achieving
the assumed targets. This is also what scientists dealing with this issue have done, e.g.,
Nordhaus [19], Capros et al. [20], Fotiou et al. [21], and Włodarczyk et al. [22]. The
efficiency of implementing climate/energy targets has been assessed neither at the level of
the member states nor at the EU level. According to the authors of this article, studying
the efficiency of implementing climate/energy targets may determine the decisions of
member states regarding further actions aimed at achieving climate neutrality by 2050. If
the efficiency of implementing new climate/energy goals is low or lacking, countries may
delay actions aimed at achieving them, especially when it comes to responding to current
socio-economic problems. For example, such cases took place during the global financial
and economic crisis of 2008–2012. In such a situation, it seems extremely necessary to
assess the efficiency of achieving climate/energy targets, in order to be able to search for
ways to increase it, which would motivate countries to increase their efforts in this regard.

The DEA method, which was developed in 1978 by Americans A. Charnes and W.
Cooper [23], is the most popular non-parametric method used to study the efficiency of
similar units. It is a deterministic method that assumes the lack of a random component and
does not require specifying a functional relation between inputs and outputs. The authors
of the DEA method, based on the concept of productivity formulated by Debreu [24] and
Farrell [25], defining the measure of productivity as the quotient of a single output and a
single input, applied it to a multidimensional situation in which we may have more than
one input and more than one output.
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Among the significant number of studies, the study closest to that undertaken in
terms of this research is the one carried out by Staníčková [26]. She assessed the social
dimension and the problems related to inequalities in the EU member states using the
DEA method to present an assessment of socio-economic development and trends in EU
countries in the context of the objectives of the Europe 2020 Strategy. In the study, she
outlined the problems of the labour market, income differences, and poverty. She stated
that decision-makers needed to be clear about social achievements, and therefore she paid
particular attention to the main national targets of the Europe 2020 Strategy.

The remaining scientific studies, in which DEA was used to assess efficiency, did not
refer to implementing any goals at the macroeconomic level in the context discussed in the
article. They focused on estimating/assessing the efficiency of various types of expenses,
actions, or solutions.

Yotova and Stefanova [27] analysed the efficiency of expenditure on higher education
in EU member states from Central and Eastern Europe from a comparative perspective.
The DEA method enabled them to indicate which of the studied countries achieved the
best direct and indirect results thanks to the expenditure incurred on education.

Koçak et. al. [10] studied the environmental efficiency of disaggregated energy R&D
expenditures in OECD countries. They have determined which OECD countries ensure
the environmental efficiency of energy R&D spending and indicated the extent to which
ineffective countries should change their development/R&D spending to achieve efficiency.

Many researchers estimated the energy efficiency of using various alternative energy
sources, which helped them determine which are most beneficial and which should be
developed. This has been handled by, for example, Sobczyk and Sobczyk [28], Yuan and
Huang [29], and Zhao et al. [30].

Wang et al. [31] took advantage of DEA to compare the performance of carbon reduc-
tion technology at the project level. In their research they showed which technologies for
reducing carbon dioxide emissions are the most effective and presented suggestions for
choosing the proper low-emission path for developing the energy sector.

Ezici et al. [11] researched the ecological efficiency of the manufacturing industry
in the USA with an emphasis on the use of renewable and non-renewable energy. They
have demonstrated that considering energy use impacts and economic outputs together
within the scope of a global-trade-linked, cradle-to-gate life cycle provides a comprehensive
understanding of the environmental and economic impacts of industrial activities.

Kyung-Taeki [32] and others assessed the efficiency of investments in renewable en-
ergy (wind, solar, and fuel cells) in Korea, considering policy objectives: public investment,
technological development, and wider diffusion of these technologies in Korea. Based on
the research results, they indicated to the Korean government that, from the point of view
of government investments, wind energy is the most effective source of renewable energy.

Based on the presented synthetic literature review the following can be stated:

(1) Despite the great amount of research concerning various efficiencies using the DEA
method, there are no publications on the efficiency of achieving the climate/energy
targets of groups of countries in the context of the Europe 2020 Strategy.

(2) Many publications concern the broadly understood environmental issues, which
predisposes DEA to take advantage of this in terms of the issue discussed in this
article.

(3) In each publication, the results achieved thanks to using DEA allowed for the formu-
lation of suggestions for decision-makers.

In this context, it can be considered that the DEA method is suitable for achieving
the intended purpose of the article. The methodology of the research and its results are
presented in detail in the following sections of the article.

3. Materials and Methods

Both parametric (econometric) and non-parametric approaches are most often used to
determine the efficiency level of the facilities under study.
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The parametric approach is based on the production function, well known in the
microeconomics theory, which determines the relationship between the company input and
output. The parameters of this function are determined with classical tools of econometric
estimation (e.g., stochastic frontier analysis) [33]. The non-parametric approach to efficiency
analysis is based on linear programming methods, such as DEA and free disposal hull
(FDH).

The DEA method is the most common method to measure the efficiency of a finite
number of DMUs. DMUs are understood to be countries, businesses, public institutions,
schools, libraries, hospitals, bank branches, and so on. The DEA method is based on the
simple productivity concept (that defines the productivity measure as the quotient of a
single output and a single input) but is applied to multidimensional situations with more
than one input and more than one output. Linear programming was used to estimate
technical efficiency measures and to create the first model using this method, called CCR
(Charnes, Cooper, and Rhodes) or constant return-to-scale (CRS), where a constant scale
effect was assumed. The DEA method should be applied to entities that pursue the same
objective and operate under the same market conditions. Furthermore, the factors that
characterize their activities are the same except for differences in the size and intensity of
their use. In the case of this study, the DMUs are the 28 EU member countries.

In the DEA model, the efficiency of a given object is defined as follows [34]:

Uq =
weighted ∑ o f outputs
weighted ∑ o f inputs

=
∑r

i = 1 µiyiq

∑m
j = 1 vixjq

=
µ1y1q + µ2y2q + · · ·+ µryrq

v1x1q + v2x2q + · · ·+ vmxmq
(1)

where

r—the number of outputs,
m—the number of inputs
yr—the output values,
xm—the input values,
µr—the weights of the outputs, and
vm—the weights of the inputs.

As mentioned earlier, the DEA method allows us to determine the production frontier
for a given DMU generated using linear programming methods. The DMUs located on
the production frontier—considered efficient—are attributed with an efficiency coefficient
equal to 1 (i.e., 100%), while the units located below the curve—considered inefficient—will
have an efficiency coefficient of less than 1. The DMU can be regarded as technologically
efficient if it lies on the efficiency frontier, and the units situated below the frontier can
be regarded as technologically inefficient. The efficiency of a given DMU is measured in
relation to other comparable units liable for analysis.

To classify DEA models, two criteria are used simultaneously: returns to scale and
the model orientation. The first criterion indicates if either the inputs are minimized or the
outputs are maximized. The second criterion defines what assumptions concerning returns
to scale have been adopted in the model (variable, constant, or non-increasing).

3.1. CRS DEA Model

Similar to a basic model, the authors propose using an input-oriented CCR model.
The CCR model assumes a decision unit in which the optimal combination of input and
output variables is independent of the scope of the operation, which means that through
this method, we measure the efficiency for each selected DMU.

Maximize z =
r

∑
k = 1

ukykq (2)

under the following conditions
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r

∑
k = 1

ukykj −
m

∑
i = 1

vixij ≤ 0 j = 1, 2, · · · n, (3)

m

∑
i = 1

vixiq = 1uk ≥ ε j = 1, 2, · · · r,vk ≥ ε j = 1, 2, · · ·m. (4)

Note that, depending on what assumptions are made on the existence of the returns
to scale, it is possible to estimate three types of efficiency measures: CRS, variable returns
to scale (VRS), and non-increasing returns to scale (NIRS). The first measure resulting
from the empirical production function assessed with the assumed CRS is designated by
the best units in a given branch, due to which the efficiency measures achieved on the
basis of this assumption do not consider the impact of a production output on efficiency.
Subsequent measures achieved with the assumed VRS [35] or NIRS take into consideration
the possible impact of the unit on production efficiency. Therefore, it is the comparison of
these three measures that provides information about the relative economy of scale in a
given branch [36] (Table 1).

Table 1. Economy of the scale of objects achieved on the basis of the relationship between the efficiency measures and the
scale.

Type of
DMU

Relationship between
Efficiency Measures 1 Description

I ecrs = 1, evrs = 1
esvrs = 1, esnirs = 1 Efficient DMU, irrespective of accepted efficiency measures.

II ecrs < 1, evrs = 1
esvrs < 1, esnirs = 1

DMU efficient under variable returns to scale (evrs = 1) and inefficient under constant
returns to scale (ecrs < 1), DMU inefficient in terms of the scale of employed factor
(esvrs < 1) and operating in the region of increasing returns to scale (esnirs = 1).

III ecrs < 1, evrs = 1
esvrs < 1, esnirs < 1

DMU efficient under variable returns to scale (evrs = 1) and inefficient under constant
returns to scale (ecrs < 1); DMU inefficient in terms of the scale of employed factor
(ecrs < 1) and operating in the region of decreasing returns to scale (esnirs < 1).

IV ecrs < 1, evrs < 1
esvrs < 1, esnirs = 1

DMU inefficient under both variable and constant returns to scale; DMU inefficient
due to a low level of employed factor (esvrs < 1) and operating in the region of
increasing returns to scale (esnirs = 1).

V ecrs < 1, evrs < 1
esvrs = 1, esnirs = 1

DMU inefficient under both variable and constant returns to scale; DMU
technologically inefficient and efficient in terms of production scale (esvrs = 1,
esnirs = 1); DMU operating in the region of constant returns to scale.

VI ecrs < 1, evrs < 1
esvrs < 1, esnirs < 1

DMU inefficient under both variable and constant returns to scale; DMU inefficient
(esvrs < 1, esnirs < 1) due to too high a level of the employed factor; DMU operating in
the region of decreasing returns to scale.

1 Where ecrs is the efficiency measure under constant returns to scale (the so-called overall technical efficiency), evrs is the efficiency measure
under variable returns to scale (the so-called pure technical efficiency), and enirs is the efficiency measure under non-increasing returns to
scale, esvrs = ecrs

evrs and esnirs = ecrs
enirs .

Another aspect of the study is to assess the efficiency of implementing the climate/
energy targets of the Europe 2020 Strategy in the EU countries by applying time-series
dynamic efficiency analysis in the form of the input-oriented Malmquist productivity index
(MPI).

The concept of MPI was proposed in 1953 [37]. The emergence of the DEA method
in 1978 made the calculation of MPI a reality, which was gradually used in productivity
analysis in different fields. In the empirical analysis, the DEA–Malmquist index was
established by Fare et al. [38], and using the formula proposed by them, MPI0 can be
written in the following form:

MPI0 =

[
θt

o
(
xt+1, yt+1)

θt
o(xt, yt)

·
θt+1

o
(
xt+1, yt+1)

θt+1
o (xt, yt)

] 1
2

(5)
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where θs
o
(

xt, yt) denotes the efficiency of the oth facility for the common technology of
period s and the technology of facility o of period t and decomposes into two factors [5]:

Change of efficiency,
θt+1

0
(
xt+1, yt+1)

θt+1
0 (xt, yt)

(6)

and technological progress,

[
θt

0
(

xt+1, yt+1)
θt

0(xt, yt)
·
θt+1

0
(

xt+1, yt+1)
θt+1

0 (xt, yt)

] 1
2

(7)

The MPI values characterize three groups of efficiency changes: improving (MPI > 1),
unchanging (MPI = 1), and declining (MPI < 1).

3.2. Data Collection, Inputs, and Outputs

This paper considers two different expenditure indicators of the old (EU 15) and
new (EU 13) EU member countries from 2014 to 2018 as inputs. As outputs, it uses five
indicators (Table 2). Two distinct groups of 28 EU countries were considered, namely the
EU 15 (Austria (AT), Belgium (BE), Denmark (DK), Finland (FI), France (FR), Greece (GR),
Spain (ES), Netherlands (NL), Ireland (IE), Luxembourg (LU), Germany (DE), Portugal
(PT), Sweden (SE), Great Britain (UK), and Italy (IT)) and the EU 13 (Cyprus (CY), Czech
Republic (CZ), Estonia (EE), Hungary (HU), Latvia (LV), Lithuania (LT), Malta (MT), Poland
(PL), Slovakia (SK), Slovenia (SI), Bulgaria (BG), Romania (RO), and Croatia (HR)). All data
were obtained from Eurostat [39]. Descriptive statistics of input and output variables are
depicted in Table A1 (see Appendix A. Descriptive Statistics).

Table 2. Indicators and data sources.

Name (Symbol) Unit of Measure Data Source

Input indicators:
GDP Current prices, million euro Eurostat
National expenditure on environmental protection Million euro Eurostat

Output indicators: Eurostat
Greenhouse gas emissions in ESD sectors Million tonnes of CO2 equivalent Eurostat
Primary energy consumption Million tonnes of oil equivalent Eurostat
Final energy consumption Million tonnes of oil equivalent Eurostat
Energy productivity Euro per kilogram of oil equivalent (KGOE) Eurostat
Share of renewable energy in gross final energy consumption Percentage Eurostat

Before starting the calculations, it was necessary to prepare the data properly. Since
in a DEA model all variables should be stimulants [40], a quotient transformation was
applied to variables with de-stimulant characteristics (greenhouse gas emissions in ESD
sectors, primary energy consumption, and final energy consumption).

For efficiency and MPI, MS Office Excel and EMS Software were used [41].

4. Results

To achieve the goal of the article, during the first stage of the research, four efficiency
indicators for achieving climate/energy targets by EU member states were calculated based
on three input-oriented DEA models (CRS, VRS, and NIRS) for all reference years, i.e., from
2014 to 2018, in the context of the Europe 2020 Strategy. Then, the researched countries
were divided into six groups according to the level of their efficiency (Table 3). The analysis
refers to the division into old and new member states.

During the analysed period, only seven of the same EU countries belonging to groups I
and III were effective in achieving climate/energy targets. There were no countries in
the second group. Until 2017, regardless of the adopted performance measures, only two



Energies 2021, 14, 8428 8 of 18

countries from group I (LV and MT) were the most effective, and in 2018, they were joined
by CY, which was previously in group III. It was surprising that the greatest efficiency
in this regard was achieved by countries that are new EU members, whose domestic
expenditure on environmental protection was not high. This may result from the fact that
wanting to reduce their developmental distance with regard to the old members, and to
meet their environmental obligations, these countries intensified pro-ecological activities,
at the same time using EU funds, which increased their adaptation capabilities. As a result,
they significantly reduced the emission of greenhouse gases and increased energy efficiency.
This contributed to a high degree of achieving climate and energy targets as well as the
efficiency of their implementation. Similar conclusions are included in a report by the
European Commission on the State of the Energy Union [17].

Table 3. Results of the efficiency of implementing climate/energy targets for EU countries in 2014–2018.

Type of
DMU

Efficiency
Measures 2014 2015 2016 2017 2018

I ecrs = 1, evrs = 1
esvrs = 1, esnirs = 1 LV, MT LV, MT LV, MT LV, MT CY, LV, MT

II ecrs < 1, evrs = 1
esvrs < 1, esnirs = 1 x x x x x

III ecrs < 1, evrs = 1
esvrs < 1, esnirs < 1

CY, DK, IE, LU,
SE CY, IE, LU, SE CY, DK, IE, LU,

SE CY, DK IE, LU, SE DK, IE, LU,
SE

IV ecrs < 1, evrs < 1
esvrs < 1, esnirs = 1 BG, CZ, EE, RO BG, EE BG, EE BG, EE

BE, BG, CZ,
EE, HU, SK,
SI

V ecrs < 1, evrs < 1
esvrs = 1, esnirs = 1 x x x NL NL, PL

VI ecrs < 1, evrs < 1
esvrs < 1, esnirs < 1

AT, BE, HR, FI,
FR, DE, GR, HU,
IT, LT, NL, PL, PT.
SK, SI, ES, UK

AT, BE, HR, CZ,
DK, FI, FR, DE,
GR, HU, IT, LT,
NL, PL, PT, RO,
SK, SI, ES, UK

AT, BE, HR, CZ,
FI, FR, DE, GR,
HU, IT, LT, NL,
PL, PT, RO, SK,
SI, ES, UK

AT, BE, HR, CZ,
FI, FR, DE, GR,
HU, IT, LT, PL,
PT, RO, SK, SI, ES,
UK

AT, HR, FI,
FR, DE, GR,
IT, LT, PT,
RO, ES, UK

During the reference period, the third group of countries meeting the efficiency
condition only with variable returns from the scale, meaning technologically efficient,
but on the verge of efficiency, included—depending on the year—five countries: DK,
IE, LU, SE, and CY. However, for the year 2015, DK was placed in group VI. CY, as
already mentioned, was in group III until 2017. After it changed groups, only the old
EU member states remained in this group. DK and SE were in the group on the border
of efficiency, and this was due to the fact that both countries had already been close to
meeting the climate and energy targets (the so-called 3 × 20) of the Europe 2020 Strategy.
Therefore, they undertook actions aimed at achieving them, guided more by the principle
of solidarity than efficiency. IE, in turn, undertook the process of decarbonizing difficult
sectors (e.g., fossil fuels, dairy farming, and road transport), which resulted in a significant
reduction in CO2 per capita emissions. This was accompanied by a significant increase in
energy efficiency and a reduction in final energy consumption, which contributed to an
increase in the efficiency level concerning the implemented targets. Expenditure concerning
implementing climate/energy targets was also significantly increased by LU at that time,
which impacted the efficiency of that implementation.

The fourth group consists of countries that ineffectively implement climate/energy
goals but operate in the area of increasing rates of returns on the scale. In their case, there
is hope that increasing the scale of specific actions will have a positive impact on efficiency.
In 2014, this group included only new EU members: BG, CZ, EE, and RO. In 2015–2017,
only BG and EE remained in the group, and the other two fell to group VI. In 2018, BE,
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CZ, HU, SI, and SK, which were promoted from group VI, appeared next to them. BE
is the only old member state in this group. Its transition to a higher group took place
thanks to a significant reduction in CO2 emissions, which confirmed the positive impact of
increasing the volume of actions on efficiency. Unfortunately, actions taken in relation to
the strategic goal—energy efficiency and RES—were insufficiently effective. This is in a
way confirmed by, for example, research by Kryk and Guzowska [4] concerning the degree
of implementing climate and energy goals in the EU.

The remaining countries in group IV are new EU member states. In their case, imple-
menting climate and energy targets overlaps with the ongoing processes of transforming
the structure of the economy, energy, and socio-economic problems. For these countries,
the mere transition from group VI (with total inefficiency) to a higher one already means a
positive change and hope for increasing the efficiency of the implemented targets in the
near future. However, these countries are unlikely to be able to meet the climate/energy
targets on their own. That is because, despite their considerable financial efforts, they still
spend sums disproportionate to the needs. In their case, it is necessary to significantly
increase expenditure for climate/energy purposes. The support planned in terms of the
so-called energy transformation will constitute a great help [42,43].

Group V is unique. It includes countries that are technologically ineffective in meeting
climate/energy targets but are efficient in terms of production scale. It was only in 2017 that
NL appeared in this group, and in 2018 PL also appeared. Both countries were promoted
from group VI to V thanks to increased energy efficiency and reducing CO2 emissions,
which had a positive impact on the efficiency of achieving the goals. The fact that PL
belongs to this group is not surprising, because as a new member state it struggles with
similar problems as the above-mentioned six countries from the so-called former Eastern
Bloc in group IV. It is only surprising that NL is in this group, as it is an old EU member
state. NL incurs quite significant expenditure on meeting climate/energy targets when
compared to other EU countries, but it is running out of available options to achieve these
targets. This has a negative impact on the efficiency of achieving the set goals. In the
case of NL, increasing this efficiency will be favoured by, for example, more efficient, new
technological solutions and pro-ecological innovations.

Group VI includes countries that are technologically ineffective from the point of view
of meeting climate/energy targets and show scale inefficiency. In 2014, this group included
a total of 17 countries, including 11 old members (AT, BE, FI, FR, DE, GR, IT, NL, PT, ES,
and UK) and 6 new ones (HR, HU, LT, PL, SK, and SI). In 2018, its number decreased to
12, because 6 countries moved to the higher groups (NL, PL, HU, SK, SI, and BE), and one
(RO) fell from group IV. RO is the economically weakest member of the EU, and when it
started to make up for the shortcomings in socio-economic development, its final energy
consumption and energy intensity of the economies increased. With limited expenditure
for implementing climate/energy targets, the efficiency of its implementation worsened,
hence the decline to a lower group. The presence of highly developed, old member states,
which incur significant expenditures on environmental and energy goals, in this group
was surprising. In their case, the inefficiency of achieving climate/energy targets may be
due to two reasons. First, despite the strategic target of reducing primary and final energy
consumption, they grew over the entire studied period. The analysis of primary and final
energy consumption shows that in 2018, the EU’s primary energy consumption was 4.9%
above the energy efficiency target in 2020 and 22.0% above the 2030 target, and final energy
consumption was 3.2% above the 2020 efficiency target and 17.0% above the 2030 target [44].
The largest final energy consumers in the EU are the old member states, especially DE,
FR, UK, and IT. Admittedly, the growth rate of final energy consumption was slower than
the GDP (this is an indicator of the relative independence of energy consumption from
economic growth), which leads to a positive trend towards increasing the efficiency of
European economies. Unfortunately, this did not provide a proper increase in the level
of energy efficiency. Second, slowing down the pace of energy efficiency improvement
is a serious concern. An analysis of the available data shows that improving the energy
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absorbency of the global economy is slowing down. An improvement of 1.2% in 2018
constitutes approximately half of the mean observed since 2010. This implies the need to
make greater efforts to intensify the actions taken so far [45]. In the context of the above, it
turned out that the old member states are ineffective from the point of view of achieving
climate/energy targets. For that reason, among others, in December 2018, the European
Parliament and the Council of the EU adopted the revised Energy Efficiency Directive
(EED) [46]. The revised EED specifies that the EU’s energy efficiency target should be at
least 32.5% by 2030. In this document, energy efficiency has been recognized as a strong
factor working in favour of achieving climate goals. Reducing energy consumption is a
key element in the Commission’s proposal for “A long-term strategic vision for Europe
towards a prosperous, modern, competitive and climate neutral economy”, presented in
November 2018 [47]. This assumes the necessity for all EU countries to undertake greater
efforts to intensify the actions taken so far.

The conducted analysis allows for a conclusion that most countries (21 out of 28) were
ineffective in terms of achieving climate/energy targets, regardless of how long they were
member states of the EU. However, it does not show how this efficiency has changed over
time. During the second stage of the research, using the DEA–Malmquist index (MPI),
changes concerning the efficiency of climate/energy targets in the studied period were
estimated. The MPI was calculated for all EU countries, both in terms of year to year as
well as for the overall change in efficiency between 2014 and 2018 (Table 4). The level of
the synthetic MPI made it possible to organize the countries, from the most to the least
effective, in terms of achieving climate/energy targets over time.

Table 4. Annual and overall MPI results for the reference period 2014–2018.

Annual MPI Change Overall Period MPI Change

DMU 2014–2015 2015–2016 2016–2017 2017–2018 2014–2018

Austria 0.12 0.07 0.08 0.08 Malta 1.72
Belgium 0.06 0.03 0.03 0.03 Cyprus 1.58
Bulgaria 0.29 0.35 0.40 0.35 Luxembourg 1.55
Croatia 0.58 0.52 0.51 0.53 Latvia 1.42
Cyprus 1.47 0.93 0.93 0.99 Estonia 1.09
Czechia 0.11 0.08 0.09 0.09 Lithuania 0.84
Denmark 0.20 0.11 0.11 0.12 Slovenia 0.66
Estonia 0.86 0.98 0.97 1.01 Croatia 0.60
Finland 0.14 0.18 0.13 0.15 Ireland 0.41
France 0.01 0.01 0.01 0.01 Bulgaria 0.35
Germany 0.01 0.01 0.01 0.01 Romania 0.28
Greece 0.16 0.16 0.14 0.15 Slovakia 0.24
Hungary 0.17 0.14 0.16 0.15 Portugal 0.24
Ireland 0.38 0.29 0.24 0.27 Denmark 0.20
Italy 0.02 0.02 0.02 0.02 Finland 0.18
Latvia 1.09 1.56 1.09 1.16 Hungary 0.18
Lithuania 0.62 1.02 0.66 0.70 Greece 0.17
Luxembourg 1.44 0.80 0.66 0.60 Austria 0.12
Malta 1.60 1.00 1.14 1.08 Sweden 0.11
Netherlands 0.04 0.02 0.02 0.02 Czechia 0.11
Poland 0.04 0.04 0.04 0.04 Belgium 0.06
Portugal 0.19 0.24 0.19 0.16 Netherlands 0.04
Romania 0.20 0.23 0.30 0.28 Poland 0.04
Slovakia 0.24 0.19 0.20 0.20 Spain 0.03
Slovenia 0.63 0.51 0.49 0.51 Italy 0.02
Spain 0.03 0.02 0.02 0.02 United Kingdom 0.02
Sweden 0.09 0.11 0.08 0.09 France 0.01
United Kingdom 0.02 0.01 0.01 0.01 Germany 0.01
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In the years 2014–2018, the level of the MPI varied in individual countries in a non-
uniform manner. In general, in most countries—regardless of the membership status—the
MPI decreased, indicating a deterioration in the efficiency of achieving climate/energy
targets. The MPI increased only in the case of BG, EE, FI, LV, and LT. The annual change in
the MPI of EU countries in 2014–2018 ranged from 0.01 to 1.47. However, values below 1
were dominant, meaning inefficiency. In the case of a complete change in the MPI, during
the analysed period, this indicator ranged from a minimum of 0.01 to a maximum of 1.72.
However, values above 1—meaning efficiency—were determined in the case of only five
countries: MT, CY, LU, LV, and EE. In the remaining countries, the MPI was lower than
1, indicating the inefficiency of achieving the climate/energy targets. The differences in
the value of MPI also indicate significant differences in the level of efficiency of achieving
climate and energy targets between the EU member states. These differences, without
exception, apply to both old and new member states.

5. Discussion

For years, the EU has been taking actions to achieve climate and energy targets. This
is reflected in, among other things, the Europe 2020 Strategy [2], Strategy Energy 2020 [48],
Clean Energy for All Europeans—“Winter Package” [49], and Long-Term Low-Carbon
Development Strategy [47]. Currently, the documents setting out the current directions
of action in this regard are the European Green Deal [50], the “Fit for 55” package [51],
and the provisions of the Glasgow COP26 Climate Summit of 2021 [52]. The assump-
tions/guidelines/goals for sustainable development contained in these documents are
more ambitious than before and coincide with the goals of Agenda 2030 [53]. These docu-
ments focus on transforming the energy sector (including moving away from coal use in
power generation, increasing investment in zero-carbon sources, and increasing energy
efficiency), reducing greenhouse gas (GHG) emissions across all sectors of the economy,
and achieving climate neutrality by 2050. The completed Europe 2020 Strategy was a
breakthrough in achieving climate/energy goals, so it serves as a reference point for the
conducted research.

This paper aimed to assess the efficiency of the implementation of climate/energy
targets of the Europe 2020 Strategy and to analyse its changes, taking into account the
structural differences between the old (EU 15) and new EU members (EU 13) in the period
of 2014–2018. The adopted set of indicators and the applied research method enabled,
in addition to examining the efficiency, a broader assessment of the implementation of
climate/energy targets of the Europe 2020 Strategy. The classification of EU countries into
six groups (Table 3) was based on the relationship between the efficiency measures and the
scale. However, only the first three groups (I, II, and III) include countries that effectively
implement climate/energy targets, while the remaining groups (IV, V, and VI) include
countries that are inefficient in this respect.

The study showed that out of all the EU countries, only one-fourth effectively met
their climate/energy targets during the period studied. It is worth noting that these were
the same countries in all the years studied. In 2018, among them, three countries—LV, MT,
and CY—were the most effective, while four (from group III—DK, IE, LU, and SE) were
effective only under VRS/efficient under VRS (evrs = 1). The obtained results are partially
consistent with the results presented by Ligus and Peternek [54] and Tutak et al. [55].
According to them, the energy sustainability leaders in 2017 and 2018 were DK, LU, AT,
and SE, respectively, with CY and BG at the bottom of the ranking. In both these studies,
SE was the clear leader in energy and climate sustainability. SE’s high position is due to
having started its energy transition as early as the 1970s, moving away from fossil fuels
towards RES. Also, SE has a long tradition of developing ambitious environmental policies:
about a decade ago, Hultman et al. [56] studied factors influencing low-carbon energy
transition and Lindmark et al. [57] reported energy transition and carbon dioxide reduction
in the Swedish pulp and paper industry. This partial efficiency of SE needs to be explained.
This is due to the high primary energy consumption per capita (only Luxembourg and
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Finland consume more) and the large fuel imports associated with economic growth [55].
This is accompanied by increased total GHG emissions, which reduces the efficiency of
climate/energy targets.

The country with partial efficiency is DK, which also started the energy transition
process in the 1970s, developing wind energy in particular. For the past three decades,
DK has pursued its priority in developing renewable energy and has become energy self-
sufficient [58]. Its energy system has evolved from dependence on imports and fossil
fuels to self-sufficiency with a large share of renewable energy [59]. As a result, it already
largely met the climate/energy targets of the Europe 2020 Strategy in 2018. However, RES
alone did not meet domestic energy demand, which resulted in increased energy imports
that began to outpace exports from 2014. As a consequence, the studied efficiency has
decreased.

The partial efficiency of the implementation of climate/energy goals was also demon-
strated by LU, which for years had little achievement in this area, although it was the
richest EU country in terms of GDP per capita [60] and had the resources for energy–
environmental investments. The reasons for this were the highest energy consumption per
capita in the EU (primary energy consumption, final energy consumption, and household
final energy consumption per capita), low share of renewable energy in the energy mix,
high dependence on energy imports, the highest CO2 emissions per capita in the EU, and
high energy prices [55]. Between 2008 and 2015, energy demand and carbon emissions
decreased significantly [61], which increased the efficiency of climate/energy targets. Un-
fortunately, since 2016, energy demand and CO2 emissions have started to increase again.
However, the government has adopted ambitious targets for the energy sector, including a
50–55% reduction in CO2 emissions by 2030. At the moment, LU is facing a huge challenge
in achieving these targets. It is hampered by low energy prices for consumers, which act as
a disincentive to make the investments needed in energy efficiency and RES. In addition,
LU is characterized by an energy mix using fossil fuels and a high demand for transport
fuels, especially from transit freight trucks.

The LU divergence in climate/energy targets was also demonstrated in [62], where
the potential relationship between RES share in electricity and real GDP per capita was
analysed. The results indicated a positive but very low effect of GDP per capita on the RES
share in electricity between 2007 and 2017 for EU countries, except for Luxembourg, where
the relationship was reversed.

The results obtained in this article also partially agree with the findings of Bal-
cerzak [63], who studied the level of implementation of all goals of the Europe 2020
Strategy by the old and new member states, but in the period of 2004–2013. His study
shows that there is an increasing level of implementation of climate/energy goals in all
member states, but the new EU countries demonstrate a lower rate of implementation of
the above-mentioned goals than do the old EU countries.

A positive result in the conducted research is that new member countries LV, MT, and
CY were most effective in meeting climate/energy targets. CY joined the first group only
in 2018. Until 2018, only LV and MT belonged to the group of efficient countries. This
result differs from the results of Tutak et al. [55], who reported low levels of energy/climate
sustainability of new member countries, including CY and MT. In another publication [64],
CY, as well as LU, was ranked low among EU countries from the point of view of energy
performance. However, it should be noted that their analysis was for the years 2008–2016,
so there are some differences in the results. On the other hand, our results partially converge
with the findings of Rokicki and Perkowska [65]. The authors noted that countries in group
I have clearly reduced GHG emissions (both total and from the energy sector), increased
the share of RES in the energy mix, improved energy efficiency, and reduced the level of
energy poverty.

A country heavily dependent on imported energy (almost 93% in 2018) is CY. It does
not have the conventional fuel resources on which its energy system is based and therefore
has one of the highest GHG emissions from the energy sector and total GHG emissions per
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capita [66]. However, it is gradually increasing the use of RES to become independent of
fossil fuel imports and to meet climate/energy targets. A number of programmes have been
launched from EU funds, which have enabled a significant increase in energy efficiency
and have a positive impact on the efficiency of the targets. MT and LV have done the same.

Analysis of the data in Table 3 shows that countries classified in groups IV, V, and
VI were ineffective in meeting climate/energy targets. A negative surprise was that it
included most of the old EU member states, which had much higher expenditures on
climate/energy investments than the new countries during the entire period under study.
The inclusion of new members in these groups was not too surprising, as these countries
are catching up with years of backlog in this area and are forced to change the structure
of the energy mix and rebuild the energy system. It was interesting that in 2014, group
IV included only new EU members (BG, CZ, EE, and RO). In four years, the size of this
group increased to seven (BE, BG, CZ, EE, HU, SK, and SI), and one old member country
appeared in it. The promotion of new members to a higher group (CZ, HU, SK, and SI)
was connected with the intensification of climate and energy activities.

The higher position of BG in relation to the placement of the old member states, which
were placed in the lower groups in terms of (in)efficiency, is remarkable. In all the above-
mentioned publications, BG was listed in the last place in the rankings of EU countries
regarding the level of development of energy–climate sustainability. However, it should be
emphasized that most of the analyses presented there were performed in periods earlier
than in this article. Meanwhile, BG, thanks to the policy of increasing the energy efficiency
of buildings implemented in recent years, has significantly reduced energy consumption
in this sector compared to the industrial sector, in contrast to the situation in the EU. BG
has also reduced the energy intensity of the economy, including industry, as well as energy
consumption. As a result, it was promoted to a higher group in terms of efficiency of
operations. This was confirmed by Georgiev and Tsankov [45]. Their analysis shows
that the continuous decrease in energy consumption since 1990 is the result of consistent
legislative actions aimed at achieving the objectives of the Europe 2020 Strategy (reducing
energy consumption and increasing energy efficiency) to improve the climate and reduce
their carbon footprint in nature. The analysis of energy intensity showed that in the EU,
the main energy-intensive sectors are households and services, while in Bulgaria, they are
transport and industry. Therefore, BG should direct its efforts to improve energy efficiency.

When analysing the efficiency of climate/energy targets, one should also refer to the
classification of most of the old member countries in the lowest groups in this respect. In
2018, in group VI, there were 12 countries (AT, HR, FI, FR, DE, GR, IT, LT, PT, RO, ES, and
UK), including only 4 new ones. This can be explained by the fact that old countries, despite
high spending on climate/energy goals, have high final energy consumption in transport
and households (higher than in industry). With a high level of GDP per capita, this makes it
difficult to increase energy efficiency and negatively affects the efficiency of climate/energy
targets. These results are partly in line with the results of another publication [4], which
assessed the implementation of the climate/energy targets of the Europe 2020 Strategy by
the EU member states in 2010 and 2019. This research found that the new member states
implemented the climate/energy targets of the Europe 2020 Strategy to a greater extent
than did the old member states.

The authors of this paper have discussed only the most important and, in their opinion,
interesting issues. However, this does not limit other possibilities of interpreting the results,
or directions of research in this area, of the similarity analysis. The choice in this regard
remains open.

6. Conclusions

The results presented in the article add value to the current state of knowledge and
may contribute to other possibilities of monitoring progress in assessing the efficiency of
the implementation of climate/energy goals in terms of modern energy and climate actions.
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These issues are not only an interesting research topic but also have an applied dimension
because they allow practical recommendations for decision-makers to be specified.

The analysis confirmed that during the analysed period, only seven countries demon-
strated efficiency in terms of achieving the climate and energy targets: LV, MT, CY, DK,
IE, LU, and SE. However, the new EU members achieved the greatest efficiency among
them. The remaining 21 countries were ineffective in this respect, regardless of how long
they were members of the EU. In the case of countries that already almost achieved the
set climate/energy targets in 2018, this suggests, among other things, that they implement
them in accordance with the principle of solidarity, not efficiency.

The analysis of the level of MPI showed that the efficiency of implementing cli-
mate/energy targets varied in a non-uniform manner over time, regardless of the EU
membership status. In general, the trend of annually decreasing MPI was dominant, with
an increase in this indicator only for BG, EE, FI, LV, and LT. In the case of a complete change
in MPI, only five countries—MT, CY, LU, LV, and EE—exhibited the studied efficiency.
There are differences between them and the rest of the EU in terms of the efficiency of
meeting climate/energy targets—sometimes quite significant.

Furthermore, the analysis carried out allows the following specific recommendations
to be made:

1. All countries should increase the efficiency of their climate/energy targets, especially
those 21 that have been doing so inefficiently. This is necessary to achieve the new
targets in this area set in existing documents [50,51].

2. To increase the efficiency of climate/energy goals, it is necessary not only to acti-
vate the energy transition mechanism but also to ensure the greater efficiency of
mechanisms for the exchange of good practices in this area.

3. There should be better monitoring and estimation of energy consumption in sectors
where it is necessary to increase energy efficiency [45,67].

4. The share of RES in energy generation is to be increased, especially in the situation of
the declared departure from fossil fuels at COP26.

5. Due to the different situations of the EU countries, it is worth individualizing some of
the so-called soft management instruments, but also to slightly tighten the monitoring
and evaluation of the implementation of climate/energy goals [68].

Summing up, the conducted research has shown not only which EU member states
have effectively achieved the climate/energy targets of the Europe 2020 Strategy, but also
how much work yet awaits all EU member states to achieve energy neutrality by 2050. The
obtained results not only reflect the efficiency of implementing climate/energy targets by
old and new EU member states, but also constitute a voice in the discussion on the methods
and directions of actions to achieve climate neutrality by 2050. Achieving this neutrality
requires enormous effort from all countries. In such a situation, questions arise on how to
increase this efficiency and how to motivate countries to continue to meet the newly set
targets, which are, after all, more ambitious than the existing ones, under existing resource
constraints and changing circumstances. On the road to a low-carbon society, different
energy transition pathways are possible [69].

It should also be mentioned that this article presents only one option for assessing
the efficiency of the implementation of climate/energy targets of the Europe 2020 Strategy.
However, it would be interesting to examine the efficiency in question using other methods,
especially since the available literature lacks publications on this topic.
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Appendix A. Descriptive Statistics

Table A1. Descriptive statistics of input and output variables.

Mean Std. Deviation Min. Max.

2014
Inputs (unit)

GDP 503,303.80 768,241.50 8751.10 2,927,430.00
National expenditure on environmental protection 9542.10 14,555.64 139.40 63,026.00

Output (unit)
Greenhouse gas emissions in ESD sectors 88.51 116.77 1.29 436.79
Primary energy consumption 56.31 77.28 0.87 308.29
Final energy consumption 38.18 50.85 0.55 209.93
Energy productivity 6.86 2.96 2.23 14.01
Share of renewable energy in gross final energy consumption 19.37 11.58 4.47 51.82

2015
Inputs (unit)

GDP 530,578.80 812,879.90 9996.70 3,026,180.00
National expenditure on environmental protection 9997.40 15,064.22 196.20 63,755.00

Output (unit)
Greenhouse gas emissions in ESD sectors 89.97 117.86 1.30 444.08
Primary energy consumption 54.86 74.64 0.75 295.93
Final energy consumption 38.97 51.68 0.58 212.68
Energy productivity 8.10 2.27 4.85 16.25
Share of renewable energy in gross final energy consumption 19.95 11.67 4.99 52.95

2016
Inputs (unit)

GDP 535,155.30 810,928.50 10,567.40 3,134,740.00
National expenditure on environmental protection 9995.49 15,312.52 142.00 66,288.00

Output (unit)
Greenhouse gas emissions in ESD sectors 91.25 119.61 1.33 454.16
Primary energy consumption 55.15 74.23 0.71 297.63
Final energy consumption 39.70 52.44 0.58 216.81
Energy productivity 8.17 2.31 4.60 15.68
Share of renewable energy in gross final energy consumption 20.06 11.59 5.36 53.33

2017
Inputs (unit)

GDP 550,931.60 825,356.30 11,716.50 3,259,860.00
National expenditure on environmental protection 10,372.82 15,816.74 149.20 69,046.00

Output (unit)
Greenhouse gas emissions in ESD sectors 92.30 121.38 1.43 466.87
Primary energy consumption 55.78 74.32 0.81 298.12
Final energy consumption 40.12 52.61 0.62 218.57
Energy productivity 8.35 2.57 4.64 17.45
Share of renewable energy in gross final energy consumption 20.54 11.76 6.20 54.16
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Table A1. Cont.

Mean Std. Deviation Min. Max.

2018
Inputs (unit)

GDP 569,310.90 847,452.30 12,594.80 3,356,410.00
National expenditure on environmental protection 10,757.57 16,437.50 169.30 72,546.00

Output (unit)
Greenhouse gas emissions in ESD sectors 91.10 117.48 1.38 434.05
Primary energy consumption 55.46 73.54 0.82 292.15
Final energy consumption 40.17 52.27 0.66 215.46
Energy productivity 8.70 2.72 4.79 18.54
Share of renewable energy in gross final energy consumption 21.11 11.56 7.34 54.65
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