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Abstract: The energy transformation towards renewable energy sources in the conditions of climate
change and the accompanying climate risk is a priority for all countries in the world. However, the
degree of advancement of activities in this area varies significantly between countries, which is the
result of different activities for renewable energy sources in individual countries. The aim of this
article is to determine the trends of changes in the area of the use of renewable energy sources in
EU countries. The study uses TMD (taxonomic measure of development) methods and dynamic
classification, which allowed to distinguish typological groups of objects with similar dynamics of
the studied phenomenon. The EU 28 countries were analyzed. Statistics (Eurostat database) are
provided for the period 2004–2019. As a result of the research, it was found that the Scandinavian
countries and the countries of Western Europe were characterized by the highest stability in terms of
the use of renewable energy sources over time. These countries also recorded the smallest increases
in TMD. On the other hand, the unfavorable situation in terms of stability was observed mainly in
the countries of Southern Europe.

Keywords: renewable energy sources; European Union; dynamic classification; trend models; envi-
ronmental policy

1. Introduction

The operation and progress of the linear economy are based mainly on the use of fossil
fuels, but these, in the face of the depletion of many deposits, are no longer effective, which
makes it necessary to look for them further and further, e.g., in the Arctic. All this makes
the production of energy from non-renewable sources increasingly expensive and thus less
profitable, and more importantly, causes negative effects not only in environmental matters,
but also affects the entire economy and the social sphere. This problem is noticed and widely
commented on at the international level. The growing threat of climate change caused by
greenhouse gas emissions poses new challenges for modern countries. Energy is essential
to the economy as it contributes to production across industries and sectors and impacts
sustainable development, including economic activity, society, and the environment. The
European Green New Deal focused inter alia on renewable energy is a “roadmap meant
to foster the transition of the European Union towards the climate-neutral economy” [1].
Therefore, there is a need for energy saving and energy efficiency [2]. Countries undertake
to limit the extraction and use of emission deposits, replacing them with renewable energy
sources (RES). Data from the International Renewable Energy Agency IRENA from the
end of 2019 indicate that there are installations with a total capacity of 2537 GW, which use
renewable energy. Thus, the share of renewable energy in total energy increased to 34.7%
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at the end of 2019. In order to reach the EU climate and energy goals, financing is needed
and in this context the perspective of EU funds on renewable energies is crucial [3,4].

The literature on the subject emphasizes that alternative energy sources carry positive
values globally and individual units [5–11]. These are sources that, unlike non-renewable
energy sources, are non-exhaustive and environmentally friendly. Their dissemination will
reduce greenhouse gas emissions, reduce the generation of waste in the energy production
process, and probably contribute to increasing energy security worldwide.

In European Union countries, activities promoting renewable energy result largely
from the need to achieve the goal set jointly by the Member States. EU countries committed
to ensuring a particular share of renewable energy sources in gross final energy consump-
tion in 2020. For the European Community as a whole, this target was 20%. For the next
decade, the European Commission has set an increase in the share of renewable energy
sources in the mix of produced power to the level of 32%. This goal is to be achieved
by 2030. Therefore, the question arises: what is the situation in the EU Member States
concerning the use of renewable energy sources, and what is the trend in this respect? The
answer to this question is the main subject of research by the authors of this study.

Therefore, the work aims to define the trends of changes in the area of RES use in
EU countries and distinguish typological groups of objects (EU countries) with similar
dynamics of the studied phenomenon. The research used data from 2004–2019 available
in the Eurostat database. Considering time in the conducted research made it possible,
thanks to using time series analysis methods, to identify countries where the improvement
in RES use can be observed, countries with a constant level, and those for which the situa-
tion deteriorates. For the dynamic classification, trend functions were used, determined
based on the synthetic measures of development. They were established using the zero
unitarization method, and their parameters and the theoretical values of the variables
constitute the basis for the classification of countries. The calculated aggregate measure,
i.e., the taxonomic measure of development (TMD), allows for an unambiguous assessment
of the EU countries due to the application of renewable energy sources (RES) in a static
manner, i.e., on its basis only the positions of objects (EU countries) in individual years
can be determined. In a situation where we are interested in answering the question what
is the trend of changes in individual EU countries in the area of RES use in the entire
period under study, i.e., in the years 2004–2019, the designated aggregate measures are
insufficient. Due to the above, it was decided to estimate the trend models in which the
TMD values were adopted as the dependent variable. The coefficients of the trend models
provide additional information on level of changes in the studied area. On their basis, it is
possible to evaluate the EU countries in terms of the level of dynamics of the use of RES
and distinguish typological groups of objects with similar dynamic of changes in the level
of the studied phenomenon, as well as the level of random fluctuations. Thanks to this
approach, it is possible to assess whether or not EU countries are making progress in the
use of renewable energy sources, as was done in this article.

The applied methods allow for detecting several structural and dynamic regularities
that cannot be captured by methods using multidimensional statistical analyses in a static
approach. Only a comparative analysis carried out in a sufficiently broad period allows for
an objective capturing of relationships between various objects. The authors’ suggestions
presented in this article concern the dynamic analysis of the similarity of objects (EU
countries), i.e., the identification of change trends in the field of renewable energy sources
in individual European Union countries and the separation of typological groups of objects
(EU countries) with similar dynamics of the studied phenomenon. This type of approach
was used for the first time in this study, and thus it fills the existing research gap in research
related to the dynamic similarity analysis of socio-economic objects (EU countries).
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2. Literature Review

Economic and social development boosts the demand for energy [12]. The increased
interest in alternative, that is, renewable energy sources, first emerged in late 1990s and
was driven by a crisis triggered by the rise in oil prices, which, in addition to severe
financial consequences, also revealed the dependence of economies on fossil fuels [13]. To
expand the share of renewable energy sources in the energy mix can be a solution to this
problem, as these are inexhaustible. The focus on renewable energy sources is also due
to the growing awareness of anthropogenic effects on the natural environment and the
need to protect it [14]. Therefore, it fits well in the concept of sustainable development [15].
Renewable energy sources generate a minimum amount of process waste [6] and contribute
to reducing greenhouse gas emissions, and thus preventing climate change [16]. As Gielen
et al. [17] show in their study, renewable energy combined with end-use electrification can
deliver up to 94% emission reductions. Better energy security and reduced risks may be
obtained by diversification of energy sources [18].

The environmental impact of individual countries depends on their degree of industri-
alization. According to Elum et al. [19] and Ziolo et al. [20], developed countries cause the
most greenhouse gas emissions. Therefore, it is important to plan and realize the transition
to renewable energy on a national basis.

Initiatives taken at the national level must be consistent with the energy strategy of
the country and, in the case of Member States, match with the objectives adopted by the
European Union, which plans to reduce greenhouse gas emissions by 20% by 2030 and
increase the share of renewable energy in the final energy consumption within the EU up to
20% [21]. Among 18 European countries included in the research conducted by Wang and
Zhan [22], Germany, France, the UK, and Italy have the best sustainability of renewable
energy. The researchers identified indicators with a significant impact on the renewable
energy sustainability, which are energy taxes, energy demand, and emissions of carbon
dioxide, sulfur oxides, and nitrous oxides. It was also shown that the sustainability level
continues to increase.

Jenniches pointed that [23] the options for use of renewable energy sources should
be analyzed from a regional point of view. The author justifies this approach by the fact
that the available options and efficiencies of energy sourcing depend on natural conditions,
which vary by region of the same country. For example, the best renewable energy source
in China is hydropower. Considering individual regions, it can be seen that the North and
Northeast China are geared towards wind energy, Central South and Southwest China
towards hydropower, and solar energy is the domain of East and Northwest China. A
sensitivity analysis conducted by Li et al. [24] (2020) shows that the sensitivity of energy
efficiency, its variability, and economic allocation are relatively high. These dependencies
are also valid for Poland. According to Statistics Poland [25], in Poland, in 2019, the
region with the highest energy output from renewable sources is the Kuyavian-Pomeranian
Province. The Opolskie Province ranked the last in terms of RES energy production.

The development of renewable energy technology has several limitations. Solangi
et al. [26] identifies the main types of barriers of this development as “Political & Policy,”
“Economic & Financial,” and “Market”. Fortunately, they also revealed that “Capital Subsi-
dies,” “Feed-in Tariffs,” and “Direct, Enabling, & Integrating Policies,” help to overcome
the barriers and implement technologies of renewable energy.

In order to encourage investments in renewable energy sources, systems of incentives
and reliefs are introduced. These systems and relief schemes differ depending on the
country [27], from tax cuts in Belgium to investment relief in the U.S. or tax deductions
in Ireland. The scope of application of the incentives also varies. For example, Belgium’s
tax cut has covered all technologies, while China has only applied this instrument to solar,
wind, and geothermal energy. Lopez-Lezama et al. [28] demonstrated in their study that
the application of an investment relief and accelerated depreciation schemes brings the
levelized cost of electricity down by 20%. Further, Simsek and Simsek [29] showed that the
use of incentives such as an exemption from license fees for up to eight years, followed
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by a limitation of their amount, a reduction in the licensing burdens, an obligation on
distributors to purchase a share of energy from renewable sources, and lowering the fees
for project feasibility and preparatory studies and purchase of land for investment projects
to 85% have boosted investment in renewable energy projects in Turkey. The United
States is an example of a successful transformation of the energy sector towards renewable
energy. With a strong federal and state-level policy, supported by a tax incentive program,
renewable energy sources covered 11% of total demand and accounted for 17% of total U.S.
electricity production in 2019 [30].

Renewable energy sources, due to the fact that they cover five main types of energy
(solar, wind, geothermal, hydro, biomass and biogas), are an extremely wide and multi-
dimensional field of study. Pan and Wang [31] pointed out that each type of renewable
energy has its own characteristics and related risks, which should be carefully analyzed by
all stakeholders before making a decision to invest in a project.

A review of the current research directions in the field of types of renewable energy is
presented in Table 1.

Table 1. Research directions in the field of types of renewable energy.

Renewable Energy Type Directions of Research Authors

Solar energy

positive relationship between solar energy and
installation size

the possibility of using solar energy and the
amount of energy that can be generated
cost of installation, generation, and cost

effectiveness
impact on environment

John et al. (2021) [32], Cousse (2021) [33]
Chiemelu et al. (2021) [34]

Yao et al. (2021) [35], Farnè et al. (2021) [36],
Hamzaoğlu et al. (2021) [37], Anctil et al. (2019)
[38], Sultan et al. (2018) [39], Novacheck and

Johnson (2015) [40]
Shahsavari and Akbari (2018) [41], Novacheck
and Johnson (2015) [41], Creutzig et al. (2017)

[42]

Wind energy

cost of installation, generation and cost
effectiveness

impact on environment
barriers and incentives for installation or

improvement of wind energy

Yao et al. (2021) [35], Ambec and Crampes
(2019) [43], Adeyeye et al. (2020) [44]

Sayed et al. (2020) [45], Wellig et al. (2018) [46])
Diógenes et al. (2020) [47], Gönül et al. (2021)
[48], Aldy et al. (2018) [49], Black et al. (2014)

[50]

Hydro energy

cost of installation, generation, and cost
effectiveness

environmental impact
incentives and barriers for installation or

improvement of hydro energy

Yao et al. (2021) [35], Javed et al. (2019) [51],
Fan et al. (2020) [52]

Sayed et al. (2020) [45], Lu et al. (2019) [53]
Penghao et al. (2018) [54], Yang et al. (2011)

[55], Ciric (2019) [56]

Geothermal energy

cost of installation, generation, and cost
effectiveness

mitigate climate change and sustainable
development

barriers and incentives for installation or
improvement

Yao et al. (2021) [35], Farnè et al. (2021) [36]
Paulillo et al. (2019) [57], Bošnjakovid et al.
(2019) [58], Shortall et al. (2015) [59], Sayed

et al. (2020) [45]
Yasukawa et al. (2020) [60]

Biomass energy

environmental impact and sustainable
development

cost of installation, generation, and cost
effectiveness

Danish and Ulucak (2019) [61], Güney and
Kantar (2020) [62], Sayed et al. (2020) [45],

Chang et al. (2017) [63])
Inayat et al. (2019) [64], Mohamed et al. (2017)

[65]

Qazi et al. [66] pointed out that one of the factors hindering the spread of renewable
energy is a low level of social awareness, and proposed a remedy in the form of educational
programs and curricula related to renewable energy. An argument in favor of this solution
can come from the results of a study by Yang et al. [67], who demonstrated that consumers
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are generally willing to pay extra for a growing share of renewable energy, but prefer to
continue cooperation with their existing energy supplier.

3. Data and Methodology

The main purpose of the research presented in the paper is to identify the trends
of changes in the area of RES use in individual European Union countries and distin-
guish typological groups of objects (EU countries) with similar dynamics of the studied
phenomenon. The research procedure consisted of the following stages.

1. Building a database on the use of renewable energy. The article uses the following
indicators provided by Eurostat. X1—Overall share of energy from renewable sources
X2—Share of energy from renewable sources in gross electricity consumption X3—
Share of energy from renewable sources in transport X4—Share of energy from
renewable sources for heating and cooling X5—Electricity generation per capita
(kWh)—Hydro X6—Electricity generation per capita (kWh)—Wind X7—Electricity
generation per capita (kWh)—Solar X8—Electricity generation per capita (kWh)—
Solid biofuels X9—Electricity generation per capita (kWh)—All other renewables X10—
Electricity generation per capita (kWh)—Total (RES-E numerator) X11—Transport per
capita (kWh)—Ren. electricity in road transport X12—Transport per capita (kWh)—
Ren. electricity in rail transport X13—Transport per capita (kWh)—Ren. electricity
in all other transport modes X14—Transport per capita (kWh)—Compliant biofuels
X15—Transport per capita (kWh)—Total (RES-T numerator with multiplicators) X16—
Heating and cooling per capita (kWh)—Final energy consumption X17—Heating
and cooling per capita (kWh)—Derived heat X18—Heating and cooling per capita
(kWh)—Heat pumps X19—Heating and cooling per capita (kWh)—Total (RES-H&C
numerator)

2. Determining the distribution of diagnostic features

All indicators adopted for the study are stimulants, i.e., features that positively impact
the studied phenomenon. On their basis, taxonomic measures of development will be
constructed. These synthetic variables replace the description of research objects using
diagnostic features with a description using one aggregate quantity [68–71]. Pattern and
non-pattern measures are used for that purpose. The difference between them is that the
structure of the measure of the latter type has a specific reference point against which
this level of development will be determined. On the other hand, in the methods that do
not use the development pattern, the synthetic measure is only a particular function of
standardized diagnostic features. One of the most frequently used methods, in this case, is
the zero unitarization method used in this paper.

The choice of synthetic measure is also influenced by order of the diagnostic features
adopted for the study. It should be noted that the preliminary analysis of the characteristics
indicates considerable disproportions in the field of RES between the studied countries
(Table 2). This is indicated by high values of the coefficient of variation (VS) and the
coefficient of skewness measures (A). The first of these parameters ranges from 53.56 to
325%, whereas in seven features, the measure of differentiation exceeds 100%. Moreover,
all indicators show a strong or strong right-sided asymmetry, which means that the values
of the features are below the average value for most EU countries, which is unfavorable in
the case of features defined as stimulants. Considering the above, it was decided to use the
method of zero unitarization described below to classify the EU countries.
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Table 2. Selected descriptive parameters for diagnostic features.

Symbol x M VS A

X1 0.22 0.18 53.56 1.13
X2 0.33 0.32 56.65 0.75
X3 0.09 0.08 59.51 3.01
X4 0.29 0.26 57.10 0.53
X5 952.45 361.28 156.40 2.59
X6 692.45 477.74 97.26 1.48
X7 188.27 173.94 77.17 0.73
X8 317.02 175.32 143.38 3.06
X9 132.80 103.21 81.50 1.44
X10 2282.98 1674.57 88.94 2.41
X11 2.98 1.44 136.43 2.31
X12 36.40 27.10 105.70 2.38
X13 6.07 0.37 325.00 4.61
X14 479.49 323.17 96.83 3.25
X15 750.76 561.81 87.08 2.58
X16 2537.78 1919.25 91.11 2.77
X17 849.23 253.68 146.74 1.55
X18 330.93 195.19 109.27 2.05
X19 3717.94 2353.66 95.59 2.31

3. Construction of taxonomic measures of development using the zero unitarization
method [72].

This method uses the following transformations:

for stimulant:

zij =
xij −min

i
xij

max
i

xij −min
i

xij
, where max

i
xij 6= min

i
xij (1)

for destimulant:

zij =
max

i
xij − xij

max
i

xij −min
i

xij
, where max

i
xij 6= min

i
xij (2)

Such a normalization method causes all values of the normalized features to fall within
the range [0, 1]. The synthetic measure of development zi is built as the arithmetic mean of
the standardized values of diagnostic features:

Zi =
1
K

K

∑
k=1

zt
ik (3)

where: K—the number of diagnostic features.

4. Dynamic classification based on the trend functions of taxonomic measures of devel-
opment (TMD) [73,74].

Dynamic multivariate comparative analysis deals with the statistical analysis of data
presented in the form of a three-dimensional matrix [75]:

X =
[
xijt
]

(i = 1, . . . , n; j = 1, . . . , m; t = 1, . . . , k), (4)

where, i is the number of objects, m-the number of diagnostic features, and k is the number
of moments (periods) of time included in the research.

Synthetic measures of development allow for the reduction of the initial observation
X matrix with dimensions of nXmXk to a two-dimensional matrix nXk containing for each
object realization of synthetic variables in the form of k-element time series. These series
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can be used to estimate the parameters of the first, second, and third-degree linear and
exponential development trend models:

Ŷt = α̂1t + α̂o (5)

lnŶt = α̂1t + α̂o (6)

Ŷt = α̂1t + α2t2 + α̂o (7)

lnŶt = α̂1t + α2t2 + α̂o (8)

Ŷt = α̂1t + α2t2 + α3t3 + α̂o (9)

lnŶt = α̂1t + α2t2 + α3t3 + α̂o (10)

Identifying typological groups of objects with a similar level of dynamics of the
studied phenomenon is based on a sequence containing the respective trend coefficients’
values according to non-increasing values. In individual typological groups, there are
objects with the values of the development measure from the following ranges [76]:

group 1: Zi ≥
–
Z + Sz,

group 2:
–
Z + Sz > Zi ≥

–
Z,

group 3:
–
Z > Zi ≥

–
Z− Sz,

group 4: Zi <
–
Z− Sz.

5. Dynamic classification based on random fluctuations of taxonomic measures of devel-
opment

In the dynamic classification of the studied phenomenon, much information is ob-
tained by comparing TMD random fluctuations in the classified objects. The measure of the
intensity of random fluctuations in the interval [1, T] is the coefficient of random variation
of the taxonomic trends of the development measures of the compared objects:

wi =
sei
–
zi

(11)

where
–
zi is the arithmetic mean of the development measure of the object Oi in the time

interval [1, T], sei the standard deviation of the remaining trend of the development measure
of the i-th object:

sei =

√√√√ 1
T

T

∑
t=1

(
eit −

–
ei

)2
(12)

and eit denote the rest of the trend of the taxonomic development measure of the i-th object,
i.e., the deviations of the actual values of Zit of this measure from its theoretical values of
Ẑit determined according to the trend equation. Higher values of the wi coefficient indicate
more significant random fluctuations in time in the level of the studied phenomenon. This
coefficient can be the basis for selecting groups of objects with a similar range of TMD
random fluctuations, such a classification of objects is used to assess the stability of the
analyzed phenomenon over time.

4. Results

Tables A1 and A2 present the results of EU countries’ classification obtained based
on the value of the synthetic measure of development calculated based on the features
characterizing the use of renewable energy sources. As can be seen, the positions taken by
individual EU countries in the obtained rankings were, in most cases, different. Considering
the beginning and the end of the analyzed period, only five countries (Cyprus, Hungary,
Italy, Portugal, Sweden) did not change their positions in the analyzed years, which does
not mean that their positions in the ranking were stable the whole period. Such stability
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was observed only in Sweden, ranked first in each ranking, and Cyprus, which, apart from
two years (2016 and 2018), was in the penultimate position in the rankings. It is worth
noting that only thirteen Member States saw an improvement in RES’s situation in 2019
compared to 2004. Ten countries recorded a drop in the ranking during this period, with
the highest for France and Slovenia (down by 9 places), Croatia (down by 7 places), and
Poland and Slovakia (down by 6 places).

In 2004–2019, Sweden was the highest, followed by Austria and Finland alternately. In
four countries (Denmark, Latvia, Malta, Germany), the differences in the rankings ranged
from one to three positions. The most significant discrepancy in the rankings was noticed
for Bulgaria, which in 2004 was the nineteenth place, three years later improved by sixteen
places, in 2008 it fell by seven places, and in 2019 it moved up to the eleventh place.

Because the rankings of countries in the analyzed years are not the same, and in some
cases, they differ significantly, the Kendall tau correlation coefficients were determined
(Table A3). They assume values in the range [−1, 1] and assess the degree to which the
order of the examined objects is consistent. The closer the coefficient value is to one, the
greater the agreement of the orderings is [77,78]. As shown in Table A3, the high values of
the coefficients prove that the linear ordering of countries is quite consistent, even though
there are discrepancies in the positions taken by some objects. The highest value of the
correlation coefficient was obtained for the rankings in 2016 and 2017, and the lowest for
2010 and 2019.

In the further part of the work, the taxonomic measures of development from 2004–
2019 were used to determine the trends of changes in RES use in the EU and distinguish
typological groups of objects (EU countries) with similar dynamics of the studied phe-
nomenon. The trend functions determined according to taxonomic (synthetic) measures of
development based on the zero unitarization method were used for the dynamic classifica-
tion. It turned out that the best results in terms of the degree of fit to empirical data and
the significance of parameter estimates were obtained with the use of first-degree linear
and exponential models. These models were used in the dynamic classification.

The measure of the average increase of the taxonomic measure of the i-th object is the
parameter bi of the linear trend:

Ẑi = ai + bit (13)

The measure of the average rate of change is the size of:

ci = Ci − 1 (14)

where Cand is the exponential trend parameter:

Ẑi = diCt
i (15)

The parameters bi of the linear trend and ci of the exponential trend were used to
construct the rankings, but the trend parameters were previously transformed so that the
obtained synthetic measures were within the range [0, 1]. For this purpose, the following
transformations are used:

b′i = gbi −min
i

bi, b′′i =
gb′i

max
i

b′i
, i = 1, . . . , n (16)

c′i = ci −min
i

ci, c′′i =
c′i

max
i

c′i
, i = 1, . . . , n (17)

In the next stage of the research, the coefficients of random variation of trends in
taxonomic development measures (formula 12) were determined, which were used to
organize the EU countries in terms of RES stability. However, it should be remembered
that objects with lower values of the coefficient are more stable. The results of the rankings
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obtained based on linear and exponential trends and the random fluctuation coefficient are
presented in Table 3 and Figures A1–A4.

The highest average absolute increases in taxonomic measures of development and
relative increases concerned the countries in the first group. High compliance is seen in the
following countries: Belgium, Bulgaria, and Greece. In these countries, the TMD values
grew by an average of approx. 0.008 TMD values, i.e., by 8%, from year to year. In terms of
the dynamics of the analyzed phenomenon, the highest similarity applies to the countries
in the fourth group. A slight dynamic of the phenomenon characterizes the objects from
this group. Malta deserves attention, which due to the value of TMD was at the end of the
rankings in 2004–2017, and in the following years, it was ranked third or third from the end.
The dynamic analysis shows that in this country in the analyzed period, TMD increased by
an average of 9.89% year by year, which placed this country in the 8th position regarding
the absolute increase and in the first due to the average pace of changes, which indicates
that the country’s situation is improving due to RES.

Valuable information is also obtained from a comparative analysis of random fluctu-
ations of taxonomic development measures of the studied phenomenon in the classified
objects. Larger values of the coefficient wi indicate greater random fluctuations in time
in the level of the studied phenomenon [76]. In addition, this coefficient can be used to
separate groups of objects (countries) with a similar range of random fluctuations of a
taxonomic measure, similar to indicators bi and ci. As shown in Table 1, the orderings of
the EU countries based on random fluctuations determined based on first-degree linear
and exponential trends are very similar. The distinguished typological groups of countries
are also similar. Only in the case of six objects, shifts to adjacent classes are noticeable.
Malta demonstrated the highest level of random fluctuations in the years 2004–2019, and
in Sweden, it was the lowest, which in the entire analyzed period was at the forefront of
rankings related to the use of renewable energy sources.

Table 3. Position in the rank of EU countries for using renewable energy sources in 2004–2019.

Country bi Country ci Country

wi
on the Basis

of Linear
Trends

Country
on the Basis of

Exponential
Trends

wi

Finland
Denmark
Estonia
Belgium
Bulgaria
Czechia
Greece

1.000
0.945
0.855
0.792
0.777
0.737
0.728

Malta
Cyprus
Belgium

United Kingdom
Ireland

Bulgaria
Greece

1.000
0.984
0.890
0.80

90.791
0.781
0.756

Malta
Hungary
Poland

Belgium
Cyprus
Spain

Czechia

0.355
0.224
0.21

90.203
0.198
0.167
0.164

Malta
Belgium
Cyprus

Hungary
Poland
Czechia
Ireland

2.357
0.261
0.246
0.242
0.223
0.201
0.176

Malta
Italy

United Kingdom
Ireland

Luxembourg
Lithuania

Netherlands

0.722
0.721
0.687
0.642
0.632
0.600
0.589

Czechia
Estonia

Netherlands
Italy

Lithuania
Luxembourg

Hungary

0.643
0.582
0.472
0.43

90.406
0.398
0.385

United Kingdom
Netherlands

Bulgaria
Italy

Ireland
France

0.151
0.135
0.134
0.133
0.123
0.120

Spain
Italy

Luxembourg
Netherlands

United Kingdom
France
Estonia

0.172
0.150
0.130
0.12

90.126
0.124
0.117

Portugal
Cyprus

Romania
Slovakia
Germany
Hungary

France

0.575
0.565
0.45

90.448
0.418
0.411
0.387

Denmark
Slovakia
Finland
Portugal
Romania

Spain
France

0.380
0.340
0.307
0.298
0.285
0.205
0.194

Luxembourg
Portugal
Slovakia
Estonia
Greece

Germany
Lithuania
Slovenia

0.113
0.111
0.107
0.102
0.098
0.095
0.085
0.077

Bulgaria
Slovakia
Portugal
Greece

Germany
Lithuania
Slovenia
Finland

0.1144
0.1142
0.1140
0.101
0.096
0.091
0.077
0.076
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Table 3. Cont.

Country bi Country ci Country

wi
on the Basis

of Linear
Trends

Country
on the Basis of

Exponential
Trends

wi

Spain
Latvia
Poland
Croatia
Sweden
Slovenia
Austria

0.383
0.356
0.310
0.296
0.267
0.262
0.000

Germany
Poland
Latvia
Croatia
Sweden
Slovenia
Austria

0.182
0.181
0.122
0.107
0.077
0.074
0.000

Finland
Romania
Austria
Latvia

Denmark
Croatia
Sweden

0.076
0.075
0.065
0.056
0.046
0.044
0.026

Romania
Austria
Latvia
Croatia

Denmark
Sweden

0.074
0.065
0.056
0.044
0.040
0.026

Source: own calculations, where wi is the coefficient of random variation of taxonomic trends.

5. Discussion

The presented research results make it necessary to consider not only the rate of
growth in the use of renewable energy in the EU member states. It is necessary to consider
what causes changes in the area of RES use in EU countries and the emergence of typo-
logical groups of objects (EU countries) with similar dynamics of the studied phenome-non.
In the literature on the subject, you can find a number of analyses that allow you to search
for answers to the indicated problem.

Taking into account the changes in the area of RES use in EU countries, it should be
noted that the levels of investment in the EU-28 concerning renewable energy are changing
and constantly growing. Governments and companies around the world have com-mitted
to adding some 826 gigawatts of new non-hydro renewable power capacity in the decade
to 2030 [79]. This commitment will cost, and is estimated to be of around USD 1 trillion.
Unfortunately, the estimated expenditure is slightly slower than in 2010–2019. This pace
in the indicated decade was estimated at USD 2.7 trillion [79]. The COVID-19 crisis has
slowed down capital expenditure. However, governments now have the chance to tailor
their economic recovery programs and increase the dynamics of investments in renewable
energy sources [79].

Our research will show that initiatives taken at the national level result in changes
in the energy strategy of the country and, in the case of Member States, match with the
objectives adopted by the European Union. Our research will show that initiatives taken at
the national level result in changes in the energy strategy of the country and, in the case of
Member States, match with the objectives adopted by the European Union. We have shown
that thirteen Member States saw an improvement in RES’s situation in 2019 compared
to 2004. We recognize that five countries (Cyprus, Hungary, Italy, Portugal, Sweden) are
working hard to maintain their positions in the analyzed years, which does not mean
that their positions in the ranking were stable the whole period. It can be concluded that
government policy of these five countries with regard to RES is effective and the society
accepts the directions of government intervention aimed at increasing the share of RES in
energy consumption and reducing CO2.

We also wondered if the target set by the EU, which plans to reduce greenhouse gas
emissions by 20% by 2030 and increase the share of renewable energy in the final energy
consumption within the EU up to 20% [20] would be realistic in all the countries surveyed.
This conclusion came to us after analyzing the results of research on France, Slovenia,
Croatia, Poland, and Slovakia. This countries recorded a drop in the ranking during this
period, with the highest for France and Slovenia (down by 9 places), Croatia (down by
7 places), and Poland and Slovakia (down by 6 places). Given France’s strength and status
as a highly developed country, the decline is worrying. In Poland, the government policy
focused on the “coal” economy contributed to the decline in the ranking. Such a strong
decline in the ranking of Croatia and Slovenia should be seen in the impact of the financial
crisis, which shook the countries that do not have a stable position (and the indicated
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countries belong to post-communist countries striving to build a strong position of a
developed country). However, the reasons for the decline should be carefully analyzed in
the systems of individual member states. Through its policy and approach to financing in
the EU countries, this goal seems realistic, but it will definitely be hard to achieve. However,
without appropriate policy and funding sources, EU countries may not achieve this goal.

Research indicated in the literature shows that there is the influence of incentive
programs and tax relief schemes on the scale of investment in renewable energy sources [27].
We did not study the incentive system, but our research shows the effects of their application
in terms of changes in the area of RES use in EU countries, as well as changes in the
typological of objects (EU countries) groups distinguished with similar dynamics of the
studied phenomenon. The identification of typological groups of objects with a similar
level of dynamics of the studied phenomenon (as shown in Table 3) shows how effectively
the situation in the field of RES has changed in the analyzed countries, which corresponds
to the effectiveness of the policy pursued by the governments of the EU Member States in
the field of RES, and indicates the effectiveness of interventions the EU has done itself in
this regard. These changes should be seen in the policies of the EU itself, the policies of
the governments of the Member States, and the use of appropriate instruments and tools
(including financial) stimulating changes towards RES.

Valuable information is also obtained from a comparative analysis of random fluctu-
ations of taxonomic development measures of the studied phenomenon in the classified
objects. In countries such as Malta, Belgium, Cyprus, Hungary, Poland, Czechia, and Ire-
land there are greater random fluctuations in time in the level of the analyzed phenomenon.
In other countries, fluctuations are not as high as in the group indicated.

The development of RES and changes in renewable energy use are discussed in the
subject through the prism of four key determinants. Belonging to them are:

• political factors, as EU countries recognize energy changes towards RES as a priority
development of their countries [20,80–82];

• legal factors, it is necessary to create a stable legal framework for changing Co2
emissions and directing energy production to RES. In the case of EU countries, the
legal framework for the operation of the RES sector has long been specified and
integrated into the implementation of the SDG’s goals [27,83–85];

• geographic (natural) environment, where natural conditions are created for the de-
velopment of renewable energy sources, and other countries require significant fi-
nancial outlays for the development of renewable energy sources due to natural
shortages [84,86,87];

• financial factor, especially financial outlays, their size and subject of investment [88–90].

These four key determinants are determinants dependent on the policies of the EU
itself and its member states. However, to enhance the impact, one must agree with the views
of Qazi et al. [66] and Yang et al. [67] and propose to complement the existing measures in
favor of the RES. Activities, policies, programs, and tools should be complemented by a
strong impact of educational programs and curricula related to renewable energy. We also
see the necessity for the governments of the EU countries to create information programs
so that the existing energy supplier could inform their customers about the measures taken
for the RES [67]. The indicated actions would constitute the fifth key determinants of RES
development in the EU countries.

Our research complements the five key determinants indicated above:

• political factors—allows you to check whether there have been changes in the policies
that support the development of RES use, including assessing their effectiveness;

• legal factors—allows you to introduce changes aimed at increasing the effectiveness
of activities, including policies;

• geographic (natural) environment—allows you to monitor efficiency in the indicated
groups, assess the jump of changes and the direction of change of groups in which we
classified the countries;

• financial factor—allows to assess whether the level of financing policies was adequate;
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• information and education factor—reflects the need to finance the information pol-
icy, promotion activities, and sharing good practices, including the effectiveness of
reporting on ESG factors related to RES.

The literature on the subject also indicates non-financial factors based on ESG and
related to innovations [87,88]. The indicated factors are fit in with the classification of
key determinants presented above. One of the specific non-financial factors is COVID-19.
Considering the fact that despite the significant EU investment in the fight against COVID-
19, as well as the indicated delay in RES investments, in early 2021, the EU Commission will
adopt a new, more ambitious EU strategy for accommodating climate change in order to
intensify its security measures against climate change. Investments in RES are at the heart
of fighting against climate change and attaining climate neutrality. Significant financial
resources are necessary for such a strategy [91].

The literature on the subject shows that in recent years, one might spot positive
changes concerning the consumption of energy from renewable sources in the European
Union, but these changes vary depending on a country [92,93]. The type of renewable
energy used depends on the geographical location and the economic and financial efficiency
of each source and our research shows that the leaders in the use of RES have changed over
the past decade.

If the environment is to serve future generations and society should have access to
air without CO2, humanity must give up dirty fuels in favor of environmentally friendly
RES. This, of course, is not the only way to act, but the global community must continue to
improve energy efficiency and rational energy management. As our research shows, there
are changes in the rate of growth in the use of RES in EU Member States, this allows to
raise the importance of earlier studies which show that the global community must act in
accordance with the principles of sustainable development [82,94–97]. The principles of
sustainable development are among the most durable in the Scandinavian and Western
European countries, hence the trend in our research is visible.

The interest and importance of the RES has changed and it can be said that this is
due to two of the 17 SDG’s goals and the financing of investments and activities aimed at
their implementation. These SDG’s goals are the SDG 7, which reads, “ensure access to
affordable, reliable sustainable and modern energy for all,” and SDG 13, which reads, “take
urgent action to combat climate change and its impacts” [98]. Financial outlays for RES are
related to efforts to eliminate the negative effects of climate change. As our research has
shown, the Scandinavian countries were characterized by the highest stability in the use of
renewable energy over time. In these countries, political stability is widely recognized.

The key factor for the development of RES seems to be an appropriate energy policy
and financial support for changes. In particular, it is about financing investments that
will support low CO2 emissions. Our research showed that, however, there is a disparity
be-tween EU countries, which is influenced by many factors. As is shown in the literature,
EU funds in the field of RES have different success rates in Member States EU [99–103].

The political factor is an important factor driving the shift and shift away from
traditional energy sources towards RES. The conducted research shows that, in addition
to EU funds and policy factors, technology, economic viability, and investor behaviors
play an important role in stimulating renewable investment [104]. Moreover, it should
be emphasized that policy inconsistencies cause problems for the industry in both the
short and long term, and in particular induce additional investment risks [104,105]. In
Scandinavian and Western European countries, the issues of sustainability and social
responsibility translate into issues of technology, economic viability, and investor behaviors.
Post-communist countries require attention to the goals of the SDG’s, and especially in
Poland from the point of view of achieving goals SDG 7 and SDG 13.

Political support for RES development allows politicians to demonstrate concern for
social welfare (in particular, to reduce ESG risk) and to improve environmental conditions.
A stable legal framework also guarantees a predictable investment. A clearly de-fined
system of political and financial support allows potential investors to make bold moves
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towards increasing the number of green investments in RES. The development of renewable
energy is also an excellent bargaining chip in political negotiations. Especially when
financial resources are involved.

Taking time into account in the conducted research made it possible, thanks to the
possibility of using time series analysis methods, to distinguish countries where an im-
provement in the use of renewable energy sources can be observed, countries with a
constant level, and those for which the situation deteriorates. As with any change, positive
and negative, it can result from country-specific factors. Nevertheless, these factors are
concentrated around the indicated four groups of four key determinants.

The policy of rebuilding the economies of the EU countries aims at limiting the
financial support of old polluting industries and focusing on financing those industries
that will be in the area of reducing CO2 emissions and basing their activities on RES [106].
Therefore, it can be indicated that the financing of innovative investments, new policy, and
instruments to support RES and changes caused in the economy by COVID-19 in the future
may change the map of comparison of the growth rate of RES use in the EU Member States.

Therefore, our research contributes to understanding the current state as well as pro-
viding the basis for promoting renewable energy result as an effective motive for taking
further action to improve RES utilization. This study of ours also builds on previous
research on RES and its impact on SDG and sustainability goals. These studies comple-
ment them and show in a new light the changes taking place in EU countries in the use
of RES [18–23,28,31]. Our research will allow (us or different researcher) to conduct a
comparative analysis and determine how much the situation in the EU member states is
improving in the future. Our research can be applied to further the identification of change
trends in the field of renewable energy sources in individual European Union countries and
to check whether and to what extent the separation of typological groups of EU countries
changes (you can compare the results and changes shown in Table 3). This is important
in the decision-making process on policy changes for RES, in instruments and in policy
funding sources.

In the future, it would be advisable to investigate the impact of the COVID-19 crisis
on changes in the use of renewable energy sources in EU countries, and to check whether
the separations of typological groups of objects with similar dynamics of the studied
phenomenon still remain in these relations.

As already indicated, COVID-19 has an impact on the financing of investments in
RES and the development of the use of renewable energy sources in EU countries. We
propose in future studies to check whether the financing costs depend on the risks faced by
investors, in particular whether the risk related to COVID-19 and ESG had an impact on
costs. These studies were confirmed in the literature [105], but without taking into account
the COVID-19 factor. The impact of regulatory risk and market risks from long-term
contracts also requires research in the future. Research in this direction was conducted by
Newbery [107] and also did not include the influence of the COVID-19 factor.

6. Conclusions

The problem of renewable energy sources in the context of energy transformation
and in the era of climate change is an important research issue. This article attempts to
determine the trends of changes in the area of the use of renewable energy sources in
EU countries and to distinguish typological groups of objects with a similar dynamic of
the studied phenomenon. The study is based on 19 selected indicators from the Eurostat
database for the period 2004–2019. The methods of analysis used in the paper (TMR,
dynamic classification) made it possible to trace changes in the area under consideration,
taking into account nineteen diagnostic features describing RES in the EU countries.

Our study complements the existing research, as it shows the effects of the existing
policy towards RES and the use of instruments for its implementation in EU countries. It
shows how individual countries reacted, in which EU countries this reaction was abrupt,
and in which the effectiveness of additional variables showed a negative trend. Our
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research also prompted us to consider the key determinants of RES development that shape
the trends of changes in the area of RES use in EU countries. We believe that typological
groups of EU countries with similar dynamics of the studied phenomenon are determined
by the five factors indicated.

Based on the determined fluctuation coefficients of random trends in taxonomic devel-
opment measures, it can be concluded that the Scandinavian countries and the countries
of Western Europe demonstrated the highest stability regarding the use of RES over time.
These countries also recorded the smallest increases in TMD. Both the Scandinavian coun-
tries and the countries of Western Europe have for many years taken and supported actions
aimed at increasing the share of renewable energy sources in total energy production. This
applies to fiscal incentives and educational activities, and public support programs in
subsidies for investments in renewable energy. At the same time, in the indicated groups
of countries, the energy transformation is more manageable because these economies are
not based on fossil fuels (coal). On the other hand, the unfavorable situation in terms
of stability was mainly observed in the countries of Southern Europe. From the point of
view of the increase in the synthetic measure, these countries show a growing tendency
each year, which may bode well for the future. Conducted research showed that there is
a disparity between EU countries, which is influenced by many factors. Each EU mem-
ber state should look for these disproportions in order to answer the question of how
to improve their position in terms of using RES and how to change its policy to make it
more effective. Although from the point of view of the increase in the synthetic measure,
EU-countries may show a growing tendency, policymakers should analyze these increases
over time in relation to the overall macroeconomic situation, but all factors influencing the
disproportion should be analyzed together in a given member state.

The multidimensional dynamic comparative analysis used in the research has many
advantages. It allows for the determination of the directions and size of changes over time
of the considered objects from the point of view of the studied phenomenon. However,
the authors are aware that the condition for its effective use is to have extensive empirical
databases containing comparable, reliable, and complete statistical information. It appears
that the databases of the statistical offices of EU countries do not always provide complete
and up-to-date information.

The obtained results can be used in subsequent years to check the directions of
observed changes, both from the individual EU Member States and the geographical
regions of Europe. This can be the basis for determining the feasibility of forecasts and
making economic decisions aimed at sustainable energy sources. We also see that the
results obtained can be helpful to decision makers as an informative element for country
positioning as well understanding the current state, to which previous decisions have led.
Based on our information, you can benchmark the position of countries over time (leading
a benchmark over time by repeating research) and show favorable changes, to create the
basis for providing the basis for promoting renewable energy result as an effective motive
for taking further action to improve RES utilization. In addition, our research can be used
to make decisions on the search for factors that prevented countries from changing their
position (shown in our ranking), despite the fact that they had a policy conducive to the
development of RES. Our research gives the opportunity to deepen and search for answers
on the topic of how to improve the situation in a given country by means of changes in the
existing policy of a given government of an EU member.
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Appendix A

Table A1. The EU countries sorted by using renewable energy sources in: 2004–2011.

Country 2004 2005 2006 2007 2008 2009 2010 2011
zi Rank zi Rank zi Rank zi Rank zi Rank zi Rank zi Rank zi Rank

Austria 0.451 2 0.483 2 0.524 2 0.542 2 0.527 2 0.550 2 0.550 2 0.524 2
Belgium 0.045 23 0.054 24 0.057 24 0.068 22 0.069 26 0.108 20 0.161 14 0.157 13
Bulgaria 0.071 19 0.068 20 0.068 21 0.065 23 0.069 25 0.080 26 0.093 25 0.092 24
Croatia 0.172 7 0.165 8 0.151 9 0.153 10 0.145 14 0.152 14 0.156 16 0.153 14
Cyprus 0.023 27 0.023 27 0.023 27 0.029 27 0.065 27 0.073 27 0.075 27 0.052 27
Czechia 0.080 17 0.080 18 0.076 19 0.088 19 0.105 18 0.132 17 0.160 15 0.150 15

Denmark 0.258 5 0.273 5 0.267 5 0.279 4 0.277 4 0.284 4 0.296 4 0.328 4
Estonia 0.126 13 0.126 13 0.111 15 0.117 15 0.126 15 0.172 13 0.186 12 0.204 8
Finland 0.375 3 0.396 3 0.399 3 0.404 3 0.429 3 0.439 3 0.453 3 0.411 3
France 0.138 11 0.143 10 0.128 11 0.139 12 0.174 11 0.180 12 0.185 13 0.116 21

Germany 0.165 8 0.221 6 0.264 6 0.250 6 0.265 5 0.245 6 0.273 6 0.275 6
Greece 0.060 21 0.057 23 0.070 20 0.075 21 0.075 24 0.083 25 0.097 24 0.091 25

Hungary 0.041 25 0.062 22 0.063 22 0.077 20 0.104 19 0.124 18 0.127 18 0.125 20
Ireland 0.037 26 0.044 26 0.050 26 0.060 24 0.079 22 0.097 22 0.105 23 0.115 23

Italy 0.146 10 0.137 11 0.133 10 0.141 11 0.169 12 0.192 10 0.217 9 0.237 7
Latvia 0.307 4 0.299 4 0.278 4 0.262 5 0.256 6 0.275 5 0.277 5 0.289 5

Lithuania 0.108 16 0.109 16 0.122 13 0.128 14 0.149 13 0.151 15 0.144 17 0.147 16
Luxembourg 0.117 15 0.125 14 0.126 12 0.204 7 0.229 7 0.203 9 0.195 11 0.196 11

Malta 0.000 28 0.000 28 0.001 28 0.000 28 0.000 28 0.000 28 0.005 28 0.028 28
Netherlands 0.070 20 0.087 17 0.097 17 0.105 17 0.116 16 0.134 16 0.116 20 0.128 18

Poland 0.060 22 0.064 21 0.060 23 0.060 25 0.082 21 0.097 23 0.112 21 0.115 22
Portugal 0.159 9 0.157 9 0.182 7 0.195 8 0.207 8 0.232 7 0.249 7 0.196 10
Romania 0.124 14 0.120 15 0.107 16 0.113 16 0.115 17 0.118 19 0.120 19 0.126 19
Slovakia 0.076 18 0.076 19 0.093 18 0.095 18 0.097 20 0.108 21 0.111 22 0.132 17
Slovenia 0.175 6 0.173 7 0.161 8 0.176 9 0.179 10 0.186 11 0.202 10 0.197 9

Spain 0.129 12 0.132 12 0.118 14 0.133 13 0.188 9 0.213 8 0.232 8 0.167 12
Sweden 0.711 1 0.676 1 0.657 1 0.691 1 0.648 1 0.670 1 0.673 1 0.691 1

United Kingdom 0.043 24 0.047 25 0.051 25 0.056 26 0.077 23 0.086 24 0.091 26 0.086 26

Source: own calculations.
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Table A2. The EU countries sorted by using renewable energy sources in: 2012–2019.

Country 2012 2013 2014 2015 2016 2017 2018 2019
zi Rank zi Rank zi Rank zi Rank zi Rank zi Rank zi Rank zi Rank

Austria 0.513 2 0.494 3 0.481 3 0.489 3 0.479 3 0.470 3 0.460 3 0.417 3
Belgium 0.162 15 0.158 17 0.146 17 0.139 19 0.156 17 0.161 17 0.155 18 0.147 21
Bulgaria 0.105 25 0.150 18 0.136 19 0.147 18 0.151 18 0.147 20 0.144 19 0.183 11
Croatia 0.154 17 0.167 14 0.160 14 0.168 15 0.162 16 0.162 16 0.164 16 0.166 14
Cyprus 0.052 27 0.064 27 0.071 27 0.078 27 0.081 26 0.083 27 0.108 24 0.079 27
Czechia 0.189 11 0.186 11 0.180 12 0.183 12 0.179 12 0.177 13 0.163 17 0.146 22

Denmark 0.347 4 0.349 4 0.344 4 0.353 4 0.383 4 0.407 4 0.403 4 0.383 4
Estonia 0.207 8 0.193 10 0.194 10 0.226 9 0.231 9 0.235 9 0.256 7 0.208 8
Finland 0.413 3 0.501 2 0.561 2 0.557 2 0.482 2 0.547 2 0.548 2 0.487 2
France 0.189 12 0.180 13 0.166 13 0.169 14 0.175 14 0.177 14 0.169 14 0.147 20

Germany 0.280 6 0.267 6 0.250 6 0.251 7 0.254 6 0.258 6 0.259 6 0.246 6
Greece 0.113 22 0.139 20 0.136 20 0.137 20 0.135 21 0.151 19 0.138 20 0.158 17

Hungary 0.119 20 0.117 22 0.101 23 0.105 25 0.106 25 0.100 25 0.088 26 0.085 25
Ireland 0.111 23 0.110 23 0.103 22 0.109 24 0.108 24 0.126 23 0.124 23 0.128 23

Italy 0.257 7 0.252 7 0.234 7 0.240 8 0.238 8 0.238 8 0.219 10 0.201 10
Latvia 0.299 5 0.303 5 0.309 5 0.305 5 0.296 5 0.312 5 0.310 5 0.276 5

Lithuania 0.160 16 0.161 15 0.159 15 0.190 11 0.188 11 0.198 11 0.187 11 0.154 18
Luxembourg 0.193 10 0.201 9 0.204 9 0.209 10 0.208 10 0.218 10 0.222 9 0.225 7

Malta 0.042 28 0.045 28 0.053 28 0.057 28 0.071 28 0.087 26 0.088 27 0.081 26
Netherlands 0.118 21 0.105 24 0.099 24 0.116 22 0.137 20 0.155 18 0.170 13 0.176 12

Poland 0.109 24 0.100 25 0.086 25 0.085 26 0.077 27 0.076 28 0.072 28 0.067 28
Portugal 0.186 13 0.185 12 0.233 8 0.252 6 0.252 7 0.253 7 0.240 8 0.207 9
Romania 0.141 18 0.142 19 0.142 18 0.148 17 0.148 19 0.146 21 0.128 22 0.173 13
Slovakia 0.123 19 0.121 21 0.125 21 0.134 21 0.127 22 0.119 24 0.106 25 0.116 24
Slovenia 0.207 9 0.208 8 0.183 11 0.180 13 0.171 15 0.177 15 0.174 12 0.163 15

Spain 0.165 14 0.160 16 0.157 16 0.156 16 0.178 13 0.180 12 0.164 15 0.159 16
Sweden 0.693 1 0.679 1 0.658 1 0.678 1 0.700 1 0.698 1 0.691 1 0.653 1

United Kingdom 0.070 26 0.074 26 0.081 26 0.110 23 0.123 23 0.129 22 0.133 21 0.154 19

Source: own calculations.
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Table A3. The τ-Kendall’s correlation coefficients calculated for EU countries ranks according to taxonomic measure of development.

Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2004 1.000 0.990 0.979 0.952 0.916 0.910 0.896 0.883 0.893 0.918 0.920 0.916 0.894 0.876 0.865 0.833
2005 0.990 1.000 0.987 0.968 0.948 0.940 0.914 0.891 0.898 0.909 0.911 0.905 0.891 0.877 0.876 0.835
2006 0.979 0.987 1.000 0.985 0.955 0.942 0.909 0.889 0.897 0.915 0.923 0.926 0.908 0.899 0.897 0.851
2007 0.952 0.968 0.985 1.000 0.972 0.966 0.932 0.912 0.920 0.924 0.933 0.924 0.914 0.909 0.904 0.857
2008 0.916 0.948 0.955 0.972 1.000 0.980 0.932 0.884 0.897 0.881 0.893 0.892 0.891 0.891 0.885 0.814
2009 0.910 0.940 0.942 0.966 0.980 1.000 0.977 0.935 0.937 0.906 0.920 0.909 0.921 0.924 0.909 0.817
2010 0.896 0.914 0.909 0.932 0.932 0.977 1.000 0.958 0.961 0.930 0.940 0.913 0.926 0.922 0.888 0.787
2011 0.883 0.891 0.889 0.912 0.884 0.935 0.958 1.000 0.958 0.930 0.933 0.912 0.919 0.909 0.891 0.818
2012 0.893 0.898 0.897 0.920 0.897 0.937 0.961 0.958 1.000 0.973 0.967 0.939 0.940 0.930 0.900 0.793
2013 0.918 0.909 0.915 0.924 0.881 0.906 0.930 0.930 0.973 1.000 0.992 0.968 0.959 0.943 0.914 0.839
2014 0.920 0.911 0.923 0.933 0.893 0.920 0.940 0.933 0.967 0.992 1.000 0.984 0.975 0.959 0.925 0.856
2015 0.916 0.905 0.926 0.924 0.892 0.909 0.913 0.912 0.939 0.968 0.984 1.000 0.991 0.977 0.949 0.883
2016 0.894 0.891 0.908 0.914 0.891 0.921 0.926 0.919 0.940 0.959 0.975 0.991 1.000 0.992 0.964 0.884
2017 0.876 0.877 0.899 0.909 0.891 0.924 0.922 0.909 0.930 0.943 0.959 0.977 0.992 1.000 0.976 0.887
2018 0.865 0.876 0.897 0.904 0.885 0.909 0.888 0.891 0.900 0.914 0.925 0.949 0.964 0.976 1.000 0.915
2019 0.833 0.835 0.851 0.857 0.814 0.817 0.787 0.818 0.793 0.839 0.856 0.883 0.884 0.887 0.915 1.000

Source: own calculations.
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Figure A1. Linear ordering of the EU countries on the basis of coefficients of linear trends.

Figure A2. Linear ordering of the EU countries on the basis of coefficients of exponential trends.

Figure A3. Linear ordering of the EU countries on the basis of the random variation coefficient
determined on the basis of linear trends.
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Figure A4. Linear ordering of the EU countries on the basis of the random variation coefficient
determined on the basis of exponential trends.
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