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Abstract: The development of energy from renewable sources is one of the most important aspects of
today’s energy industry. The level of this development (production of green energy) is determined
by the use of a variety of methods, e.g., the methods of multicriteria and multivariate analysis. The
effectiveness of these methods is affected by many factors, and one of them is the appearance of
non-typical objects (outliers). This paper investigates the effectiveness of selected methods (TOPSIS,
VIKOR, VMCM) in terms of computational robustness to outlier objects. The most effective method
in this respect (VMCM) is then applied to study the level of development of renewable energy sources
in European countries. The presented research provides the opportunity to carry out a dynamic
analysis (for selected base years) of the level of energy generation from diverse renewable sources in
reference to the adopted patterns and anti-patterns (European countries). The obtained results are
discussed, thus confirming the effectiveness of the proposed methodological approach.

Keywords: renewable energy; non-typical object; multidimensional comparative analysis; VMCM;
TOPSIS; VIKOR

1. Introduction

For years, energy has been a key resource in human development. Its sustainable
development includes the use of available energy resources so that this development can be
long-lasting and environmentally friendly. Energy development is intertwined with other
dimensions of sustainable development, e.g., with social, economic and environmental
dimensions. Economic growth determines the increase in energy demand, and this in
turn is connected with environmental impacts, e.g., directly aggravating global climate
change (global warming) [1]. Therefore, the goal of sustainable energy policies is to
achieve a satisfactory level of energy availability while maintaining appropriate levels
of economic, social and environmental systems. Various international initiatives aim to
serve this purpose. One of them is the 2030 Agenda for Sustainable Development. It is a
document (adopted by UN countries), which is a comprehensive development plan for the
world with a perspective of reaching its goals by 2030. [2]. One of the seventeen Sustainable
Development Goals (SDGs) addresses the issue of energy. This goal (SDG 7) is aimed
at ensuring that all people have access to affordable, reliable, sustainable and modern
energy. One of the important actions embedded in this goal is increasing the share of
renewable energy (RE) in the global energy mix [3]. In 2020, the leading countries in terms
of renewable energy generated were China (895 GW), USA (292 GW) and Brazil (150 GW).
In the same period, the biggest consumers of renewable energy were, respectively, China,
the USA and Germany [4].

The energy transition towards renewable energy is evident in many countries around
the world. In Europe, it is the European Union (EU), or rather its relevant institutions,
that is responsible for such energy transformation. The adopted renewable energy policy
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system includes, among others things, strategies (short-, medium- and long-term), support
mechanisms and development standards [5]. The essential legal basis for the EU energy
policy comprises the EU Emissions Trading Scheme (EU ETS) [6], as well as a number of
directives, such as the Directive on the promotion of the use of energy from renewable
sources (RED II, 2018) [7], the Energy Efficiency Directive (2018) [8] or the Directive on
common rules for the internal market in electricity (2019) [9]. Adopted in 2019, the Euro-
pean Green Deal for the European Union assumes that net zero greenhouse gas emissions
will have been achieved by 2050 [10–12]. According to the forecast by the International
Renewable Energy Agency (IRENA), the share of renewable energy could account for more
than 33% of EU energy generation in 2030 and as much as 94% in 2050 [13,14]. Brazil,
being at the forefront of countries using renewable energy (mainly biomass), is constantly
developing and promoting the development of hydropower and wind energy [5]. In the
adopted 10-year Energy Development Plan 2029, Brazil has decided to increase the energy
efficiency of the Brazilian Power System (BPS) with emphasis put on the transition to
energy sources ensuring lower greenhouse gas emissions [15,16]. The main development
directions concern hydropower potential and wind power [17]. China has made a major
contribution to energy transition in recent years. It is implementing structural reforms in
the context of energy supply, its efficient use and the growth of renewable energy [18]. It
has committed to achieving peak emissions by 2030 and emissions neutrality by 2060 [19].
In the US, renewable energy is the fastest-growing energy source. In 2020, it was also
the only source of energy consumption to increase from 2019 [20]. Renewable energy is
also expected to be the most rapidly growing source of electricity generated in the US
by 2050. This growth is most evident in biofuels, solar and wind [21,22]. The American
energy policy involves government actions at multiple administrative levels addressing the
production, distribution, and consumption of various energy sources (including renewable
energy). It is conducted at the local, state and federal levels. The EPA (Environmental
Protection Agency) sets and enforces legal standards in consultation with state, local and
tribal governments.

Despite the obvious advantages of renewable energy (e.g., reducing fossil fuel con-
sumption, decreasing CO2 emissions) [23–26], its development faces a number of barriers.
Some of them are related to the specifics of the region (e.g., ecological issues, availability of
land), some of the limitations come from technology (e.g., lack of grid connections) and
others are related to economic issues (e.g., lack of financial subsidies, credits) and even
political issues (e.g., lack of RES policy) [27–31].

The development of renewable energy is an important part of the energy policy of
almost every country. Various national and international institutions are being established
to develop legal solutions favoring the development of renewable energy and to monitor
their implementation [32]. Many other institutions (e.g., scientific, commercial) also conduct
research examining the investments in RE or the degree of its development. Different
methodological approaches are used for this, and different models are built [33]. Some of
them are based on multicriteria decision-making (MCDM)/multicriteria decision analysis
(MCDA) or multidimensional comparative analysis (MCA). Examples of the application of
multicriteria and multidimensional analysis methods in the context of renewable energy
decisions are numerous in the world literature. For instance, as regards its planning (i.e.,
selecting the RE sources), there are studies using AHP [34–36], ANP [37,38], ELECTREE [39],
PROMETHEE [40], TOPSIS [41–44], VIKOR [45] and other methods [46–48]. The same
methods find applications in renewable energy source site selection [36–48] as well as
in sustainable energy planning assessment [49–59]. They are also employed in decision-
making processes related to technology selection (materials, components, etc.) [60–69]. To
assess the level of renewable energy development, researchers often use synthetic measures
based on different sets of indicators) and methods such as TOPSIS, PCA, etc. in addition to
econometric analyses [70–73]. The analyses using MCDM/MCDA and MCA methods are
complex because they involve a multidimensional space of various indicators, targets and
constraints. Different methods may produce different results, and the choice of a particular
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method should be tailored to the specific problem [74,75]. When applying a method, one
should, among other things, know its limitations. One such limitation for benchmark
methods (e.g., TOPSIS, VIKOR) may be the distribution of data in multidimensional space.
In situations where some data (objects) are significantly distant from the adopted pattern,
they may significantly affect the final results of the analysis. These are the so-called
non-typical objects.

The purpose of this paper is to show the problem of non-typical objects in the selected
methods of multicriteria/multidimensional analysis (TOPSIS, VIKOR) and then to propose
a methodical approach (the original VMCM method) to solve this problem in the context of
research into the level of renewable energy generation in European countries. The choice
of these methods, TOPSIS, VIKOR and VMCM, was dictated by their similar properties
and the fact that they can be used to analyze large data sets with minimal involvement of
the decision maker. They are methods on the borderline between multivariate comparative
analysis methods and multicriteria methods. TOPSIS and VMCM belong to the group of
methods using patterns and anti-patterns for ranking. The VIKOR method was chosen as
an example of a model-free method with a similar research procedure.

Expert knowledge was used as one way of selecting the indicators. The experts (four
persons), on the basis of the available data, identified those that from their perspective
could describe the level of development of renewable energy. There were indicators that
were characterized by high variability. The article is methodological in nature and the
real data adopted are intended to illustrate the possibility of solving the specific problem.
Section 2 presents the problem of non-typical objects in multivariate analysis and the results
of testing the robustness of three methods (TOPSIS, VIKOR and VMCM) to the occurrence
of these types of objects. Section 3 contains the description of the data used and the research
method employed. Section 4 presents the results of the study on the degree of utilization
(in dynamic terms) of energy from renewable sources by European countries. A discussion
of the results is also included.

2. The Problem of Non-Typical Objects in Multivariate Analysis
2.1. Theoretical Analysis of the Problem

Sustainable development of energy is one of the most important points of interest
in the modern world. It covers many aspects ranging from economic to technological
and environmental ones. The complexity of this issue makes this development difficult
to assess clearly and objectively [76–79]. The comparison of the degree of renewable
energy development in individual countries requires the construction of appropriate
measures to specify its level. To do this, sometimes the existing metrics are used [80],
different approaches are combined [81], and different analytic methods are employed,
e.g., MCDM/MCDA or MCA. What supports the idea of building new, more customized
metrics is the diversity of conditions in which energy development is taking place [82,83].
They are a function of several attributes by which the position of an object relative to other
objects can be determined [84,85]. Such metrics are called synthetic measures [86]. They can
be represented in a relative or an absolute form [87]. The methods of constructing synthetic
measures can be divided into pattern- and anti-pattern-based methods. The concept of
the so-called taxonomic measure of development [88,89] is associated with pattern-based
methods. It concerns the ordering of the objects under study by their distance from the
pattern. This pattern can be an artificially constructed point or a real point. It is usually
constructed on the basis of maximum values of variables (stimulants) and minimum
(destimulants). The location of the pattern in such a case depends on the location of the
extreme elements [89–91].

The problem of non-typical objects and their influence on the object classification
results are presented in the example of a theoretical analysis. In Figure 1a, an exemplary
set of objects (A, B, . . . , I), which are located near one another (not far apart), is shown.
Based on these objects, a pattern was determined. For simplicity, it was assumed that all
variables are stimulants, and Euclidean distance was used as a measure of similarity. As it
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can be seen, the object that is most similar to the pattern (closest) is D, then E, C, I and A.
Other objects are slightly further from the pattern, although these disparities are not large.
It may also happen that one of the objects is far away from the others. It is known as a
non-typical object [86,92]. By adding the non-typical object J to the objects in Figure 1a, we
cause the pattern to shift significantly (Figure 1b). This has a considerable effect on ranking
the objects according to their similarity to the pattern. In this case, the object most similar
to the pattern is J, followed by A, D, C, and B. The presence of non-typical objects can thus
significantly affect the ranking of objects in their entire set.
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Figure 1. Effect of object location on the pattern: (a) without a non-typical object; (b) with an additional non-typical object.

After changing the position of an object with respect to the coordinates, its place in
the row may change (to a varying extent). For example, (Figure 2a), when object A moves
along the x1 axis, its ranking will not change (A”) or the change will be small (A’). However,
when object A is moved along the other axis (x2), the changes in ranking will be significant
(Figure 2b). Object A’ has moved away from the pattern by a significant distance and has
become ranked the last. Thus, it can be seen that the weights of the variable associated
with one axis vary from the weights when the variable is related to the other axis. This is
also true for non-typical objects.
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The variables involved in creating synthetic measures are often expressed in different
measurement units. Thus, they become incomparable. They may also be incomparable due
to the different range of values (with the measurement units remaining the same). Then,
the procedure of variables normalization is carried out [93,94]. The purpose is to bring the
variables to a more or less similar range of values. In the literature, we can find different
methods of normalization [94–97]. These methods are grouped differently [98]. Regardless
of the normalization method applied, both the scale of the variables and the position of
the objects (value shift) are changed. In general, the aim is to change the scale of variables
in such a way that the influence of all the variables on the result of comparison with the
pattern is identical.

Similarly, as shown in Figures 1 and 2, the appearance of non-typical objects in the
set also affects the normalization result. Normalization methods react differently to non-
typical objects. Adding a non-typical value can affect the normalization result in either
insignificant or significant way [99]. Some normalization methods reduce values to a preset
numerical interval, such as <0–1>, where 0 is the lowest value of the variable and 1 is the
highest [80]. The appearance of a value significantly different from the others will increase
the weight of this variable. There will also be a further shift of the remaining values. In the
case of similarity measures, whose values do not depend on the location of objects in space,
this will not have an effect.

Non-typical objects also affect classification. The synthetic measure value of a non-
typical object will be significantly different from other objects. On the axis of the synthetic
measure value, it will be at a considerable distance from the others. For example, when
performing the classification on the basis of standard deviation, we will obtain the extension
of the class interval (Class 1, 2, 3, 4) in relation to the absence of a non-typical object
(Figure 3).
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The classification results in the division into three classes: Class 1 with a non-typical
object and Class 3 and Class 4 with objects shifted towards them. In this case, Class 2 is
without objects (Figure 3b). As shown in Figure 3c, a situation can occur when there are
only two classes: Class 1 with a non-typical object and Class 4 with the remaining objects.
In this type of case, more sophisticated classification methods should be used.

The appearance of non-typical objects and their influence on the obtained results
(rankings, classifications) is of great practical importance. Although non-typical objects do
not appear very often in the analyzed sets, their presence may distort the final results. The
world literature describes ways how this issue is addressed [86]. The research conducted
by the authors of this paper [99] is one of the examples. In their research, they examined the
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problem of sustainable development using selected indicators from the defined Sustainable
Development Goals (SDGs) [100]. The interpretation of the results obtained in the case of
the emerging non-typical objects is very difficult. The weights of the variables depend on
the remoteness of the object from other objects. The more the value of a variable describing
an object deviates from others, the greater the weight of this variable.

2.2. Practical Verification of the Non-Typical Objects Problem

In order to confirm the problem of non-typical objects in the context of the study
on the level of renewable energy generation, experimental research was conducted. The
research applied selected real indicators describing the development of renewable energy
sources. They were obtained from the IRENA database [101]: X1—Electricity genera-
tion (GWh)—Total renewable energy; X2—Electricity generation (GWh)—Hydropower;
X3—Electricity generation (GWh)—Renewable hydropower; X4—Electricity generation
(GWh)—Wind; X5—Electricity generation (GWh)—Onshore wind energy; X6—Electricity
generation (GWh)—Solar; X7—Electricity generation (GWh)—Solar photovoltaic; X8—
Electricity generation (GWh)—Bioenergy; X9—Electricity generation (GWh)—Solid biofu-
els; X10—Electricity generation (GWh)—Other solid biofuels; X11—Electricity generation
(GWh)—Biogas. The actual data from the IRENA database on the basis of which the X1–X11
indicators were developed have been shared in the data repository (doi.org/10.6084/m9.
figshare.16574855.v1).

Data are for 29 European countries and are from 2018, which to ensure completeness
of data for different indicators: Austria (AT), Belgium (BE), Bulgaria (BG), Croatia (HR),
Czechia (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece
(EL), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU),
The Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Slovakia
(SK), Slovenia (SI), Spain (ES), Sweden (SE), United Kingdom (UK), Ukraine (UA). The
European Union was also added to the pool of objects. A total of 30 objects were obtained.

In this study, the robustness of three MCDM/MCA methods (TOPSIS, VIKOR and
VMCM) to the presence of non-typical objects was tested. The TOPSIS and VIKOR are
widely used methods (also with regard to RE). The TOPSIS method (Technique for Order
Preference by Similarity to Ideal Solution) is dedicated to ordering decision variants, taking
into account their similarity to the template (most desirable variant). This is achieved by
minimizing the distance from the template (ideal reference solution) and maximizing this
distance from the anti-pattern (anti-ideal reference solution). Between each considered
variant and the ideal and anti-ideal benchmark distances are determined. They are the
determinant of the measure, which takes values from 0 to 1 (0 means the worst object and
1 means the best object). In this way the final order (ranking) is created [102,103]. The
VIKOR (serb. VIsekrzterijumska Optimizacija i Kompromisno Resenje) method is used to
rank decision-making alternatives and to select a compromise solution when considering
conflicting evaluation criteria. For subsequent solutions (variants) the weighted average
distance from the best solution is calculated. Next, the maximum weighted distance from
this point is determined, and then the comprehensive index is calculated. The obtained val-
ues are used to rank the variants (three rankings are created). The variant with the smallest
value of the comprehensive index is a proposal for a compromise solution. The compromise
solution can also be a set of variants [104,105]. The VMCM (its general assumptions are
discussed later in this paper) is an original authors’ method whose applicability has already
been proven in many studies [99,106–108].

In the first stage of the study, variables were aggregated using three methods: TOPSIS,
VIKOR and VMCM. The ranking position of each object was determined. In the second
stage, in order to simulate the appearance of a non-typical object in the sample, the values
of the variables for subsequent objects were changed (from −6σ to + 6σ—of standard
deviations of the original value). The standard deviations were counted for all values
of variables for all objects. As a result of the simulation, one object (Finland) and one
variable (X6, Electricity generation (GWh), Solar photovoltaic) were selected. The values
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of standard deviation were changed with a step of 0.25. For each case, the variable was
aggregated for the selected methods. The rankings were made on the basis of the value of
the aggregate measure developed, as a result of aggregating indicators X1–X11. The higher
the values of the measure for a given country, the higher this country is in the ranking
created. This means that a given country is closer to the adopted benchmark object and
further from the anti-benchmark. The stability of classification was examined by checking
how many objects changed their position in the ranking and by how much they changed
in comparison to the result obtained in the first stage.

The results for the TOPSIS, VIKOR and VMCM are illustrated in Figure 4. The
ordinate shows by how far all the objects were shifted from their ranking position. This
was calculated by summing the differences in positions of all the objects from their original
ranking. For example, in Figure 4a, in the case of the TOPSIS method, the change in one
coordinate (X6, Electricity generation (GWh), Solar photovoltaic) of the object Finland by
−2σ results in shifting of all the objects (described in Table 1) by 20 positions. In contrast,
in the case of the VIKOR method all the objects are shifted by six positions, similarly to the
VMCM.
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Table 1. Ranking of objects for TOPSIS method after changing value by −6 of standard deviations.

Objects
Ranking—The First Stage of the Study Ranking—Value Change by

−6 Standard Deviations

Measure Value Ranking Position Measure Value Ranking Position

United Kingdom (UK) 0.605 1 0.643 1
Denmark (DK) 0.454 2 0.511 2
Norway (NO) 0.441 3 0.483 4
Germany (DE) 0.412 4 0.491 3
Austria (AT) 0.365 5 0.454 5
Latvia (LV) 0.362 6 0.434 6

Sweden (SE) 0.337 7 0.421 9
Estonia (EE) 0.322 8 0.397 7

Italy (IT) 0.306 9 0.427 11
Portugal (PT) 0.303 10 0.402 10

Europe (E) 0.279 11 0.411 12
Greece (EL) 0.275 12 0.402 8

Croatia (HR) 0.273 13 0.377 15
Ireland (IE) 0.271 14 0.357 16
Spain (ES) 0.266 15 0.396 13

Romania (RO) 0.256 16 0.384 17
Czechia (CZ) 0.250 17 0.377 19
Belgium (BE) 0.216 18 0.368 18
Bulgaria (BG) 0.212 19 0.370 14
Slovenia (SI) 0.191 20 0.339 20
Slovakia (SK) 0.175 21 0.337 21

Netherlands (NL) 0.155 22 0.332 22
Lithuania (LT) 0.152 23 0.315 24
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Table 1. Cont.

Objects
Ranking—The First Stage of the Study Ranking—Value Change by

−6 Standard Deviations

Measure Value Ranking Position Measure Value Ranking Position

France (FR) 0.142 24 0.325 23
Hungary (HU) 0.130 25 0.309 26

Luxembourg (LU) 0.128 26 0.314 25
Poland (PL) 0.109 27 0.288 27

Ukraine (UA) 0.026 28 0.269 28

With regard to the TOSPSIS method (Table 1), after the change of values by −6 of
standard deviations, Bulgaria went up by five positions (from 19 to 14) while Greece went
up by four positions (from 12 to 8). Six other objects were shifted by two positions: Sweden
(from 7 to 9), Italy (from 9 to 11), Croatia (from 13 to 15), Ireland (from 14 to 16), Spain (from
15 to 13) and Czechia (from 17 to 19). The other nine objects moved up by one position:
Norway (from 3 to 4), Germany (from 4 to 3), Estonia (from 8 to 7), Europe (from 11 to 12),
Romania (from 16 to 17), Lithuania (from 23 to 24), France (from 24 to 23), Hungary (from
25 to 26) and Luxembourg (from 26 to 25).

As far as the VIKOR method is concerned (Table 2), after the change in values by
−6 standard deviations, Romania was shifted upwards by three positions (from 20 to 17).
None other objects moved by one position: Germany (from 4 to 5), Denmark (from 5 to 4),
Czechia (from 14 to 15), Estonia (from 15 to 14), Greece (from 17 to 18), Lithuania (from 18
to 19), Ireland (from 19 to 20), The Netherlands (from 24 to 25) and Slovenia (from 25 to 24).
The remaining objects remained at their previous positions.

Table 2. Ranking of objects for VIKOR method after changing value by −6 standard deviations.

Objects
Ranking—The First Stage of the Study Ranking—Value Change by

−6 Standard Deviations

Measure Value Ranking Position Measure Value Ranking Position

United Kingdom (UK) 0.916 1 0.915 1
Europe (E) 0.677 2 0.683 2

Austria (AT) 0.311 3 0.311 3
Germany (DE) 0.739 4 0.727 5
Denmark (DK) 0.626 5 0.641 4

Italy (IT) 0.798 6 0.802 6
Bulgaria (BG) 0.414 7 0.403 7

Spain (ES) 0.897 8 0.896 8
Portugal (PT) 0.843 9 0.850 9
Croatia (HR) 0.602 10 0.614 10

Norway (NO) 0.831 11 0.817 11
Latvia (LV) 0.801 12 0.786 12

Sweden (SE) 0.912 13 0.906 13
Czechia (CZ) 0.617 14 0.600 15
Estonia (EE) 0.649 15 0.654 14
France (FR) 0.707 16 0.698 16
Greece (EL) 0.749 17 0.729 18

Lithuania (LT) 0.806 18 0.807 19
Ireland (IE) 0.771 19 0.753 20

Romania (RO) 0.887 20 0.886 17
Belgium (BE) 0.381 21 0.383 21
Slovakia (SK) 0.892 22 0.892 22

Luxembourg (LU) 0.8190 23 0.836 23
Netherlands (NL) 0.8191 24 0.813 25

Slovenia (SI) 0.897 25 0.902 24
Poland (PL) 0.832 26 0.833 26

Hungary (HU) 0.764 27 0.745 27
Ukraine (UA) 1.000 28 1.000 28



Energies 2021, 14, 5803 9 of 24

As regards the VMCM (Table 3), after the change of values by −6 standard deviations,
two objects went up by two positions: Spain (from 13 to 11) and Romania (from 12 to 14).
The other four objects moved by one position: Sweden (from 8 to 7), Italy (from 7 to 8),
Croatia (from 11 to 12), and Greece (from 14 to 13). The remaining sites did not change
their position.

Table 3. Ranking of objects for VMCM after changing value by −6 of standard deviations.

Objects
Ranking—The First Stage of the Study Ranking—Value Change by

−6 Standard Deviations

Measure Value Ranking Position Measure Value Ranking Position

United Kingdom (UK) 2.497 1 2.499 1
Denmark (DK) 1.392 2 1.418 2
Germany (DE) 1.387 3 1.363 3
Norway (NO) 1.185 4 1.229 4
Austria (AT) 1.082 5 1.104 5
Latvia (LV) 0.931 6 0.967 6

Sweden (SE) 0.883 8 0.914 7
Italy (IT) 0.927 7 0.897 8

Europe (E) 0.863 9 0.856 9
Portugal (PT) 0.802 10 0.815 10

Spain (ES) 0.712 13 0.694 11
Croatia (HR) 0.666 11 0.688 12
Greece (EL) 0.718 14 0.681 13

Romania (RO) 0.672 12 0.667 14
Estonia (EE) 0.586 15 0.605 15
Czechia (CZ) 0.560 16 0.547 16
Bulgaria (BG) 0.560 17 0.544 17
Belgium (BE) 0.514 18 0.494 18
Ireland (IE) 0.422 19 0.438 19

Slovenia (SI) 0.379 20 0.377 20
Slovakia (SK) 0.368 21 0.363 21
France (FR) 0.288 22 0.279 22

Netherlands (NL) 0.283 23 0.266 23
Lithuania (LT) 0.254 24 0.258 24

Luxembourg (LU) 0.203 25 0.195 25
Hungary (HU) 0.131 26 0.123 26

Poland (PL) 0.055 27 0.056 27
Ukraine (UA) −0.184 28 −0.195 28

The above research results demonstrate that the appearance of a non-typical object in
the research sample can significantly affect the final results. As a consequence, the picture
of reality may be distorted and wrong conclusions may be drawn, thus leading to incorrect
interpretation. Referring to the scope of the analysis based on selected indicators, it may
turn out that the obtained ranking does not represent the actual level of development of
renewable energy sources in particular countries. Therefore, it should be kept in mind that
the choice of a proper research method (even from the popular ones) is very important.
The research shows that the proposed VMCM copes with non-typical objects much better
than the two other methods under scrutiny.

Therefore, the authors suggest the use of the VMCM in studies on the level of devel-
opment (generation) of renewable energy in individual countries (these can also be regions
or other areas resulting from administrative divisions). With such complex multivariate
analyses (many objects and variables), outliers are bound to appear in the source data. In
addition to the robustness of the VMCM to non-typical objects, it permits examination of
the dynamics of change as well as comparison of results from year to year. It also offers
the possibility to relate changes of objects to real objects that are reference points. Details
of the study on the development dynamics and a detailed mathematical description of
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the VMCM, including the comparability of rankings across years, were presented by the
authors in their previous works [99,106,107].

3. Materials and Methods

The authors applied the VMCM to study the level of energy production from renew-
able sources in selected European countries. This method meets the requirements that have
been set out in the section concerning the purpose of the paper. What is more, it offers the
opportunity to study changes from a dynamic perspective.

The study used the same indicators as in the (previous) study on the robustness
of the methods to non-typical objects, namely X1—Electricity generation (GWh)—Total
renewable energy; X2—Electricity generation (GWh)—Hydropower; X3—Electricity gen-
eration (GWh)—Renewable hydropower; X4—Electricity generation (GWh)—Wind; X5—
Electricity generation (GWh)—Onshore wind energy; X6—Electricity generation (GWh)—
Solar; X7—Electricity generation (GWh)—Solar photovoltaic; X8—Electricity generation
(GWh)—Bioenergy; X9—Electricity generation (GWh)—Solid biofuels; X10—Electricity gen-
eration (GWh)—Other solid biofuels; X11—Electricity generation (GWh)—Biogas. These
indicators were selected with the use of the expert method. The data were obtained from
the IRENA database [101] and they the period 2001–2018 (due to the completeness of data
concerning the selected indicators). The data referred to renewable energy generation in
29 European countries: Austria (AT), Belgium (BE), Bulgaria (BG), Croatia (HR), Czechia
(CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece (EL),
Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), The
Netherlands (NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK),
Slovenia (SI), Spain (ES), Sweden (SE), United Kingdom (UK) and Ukraine (UA).

In the study, the Vector Measure Construction Method (VMCM) was employed. The
effectiveness of this method with regard to non-typical objects has been confirmed by
previous studies. The VMCM uses the properties of vector calculus to construct a synthetic
measure in dynamic terms. Moreover, it allows ranking with respect to artificial or real
reference points. A detailed description of the method can be found, e.g., in the work [106],
while the main stages of the procedure are discussed below. The computational procedure
of the VMCM is as follows:

Stage 1. Selection of diagnostic variables.
Stage 2. Elimination of indicators.
Stage 3. Identification of the nature of diagnostic variables.
Stage 4. Assigning weights to the diagnostic variables.
Stage 5. Normalization of variables.
Stage 6. Determination of pattern and anti-pattern.
Stage 7. Building a synthetic measure.
Stage 8. Classification of objects.

In the first stage, 11 indicators describing types of renewable energy generation sources
in 29 selected European countries were selected. In the second stage, indicators character-
ized by a sufficiently high coefficient of variation were chosen. Variables with too low a
coefficient of variation were eliminated. In the next step, the character of variables was
determined, which concerns assigning diagnostic variables to one of three groups, namely
stimulants, destimulants and nominants. The stimulants were such variables whose higher
values indicated a higher level of development of the analyzed phenomenon (renewable
energy). The destimulants were variables whose lower values indicated a higher level of
development, for example, due to the type of energy source. The nominants were variables
whose desired values were within a certain numerical range. In the analyzed example,
high values of the considered indicators positively affected the level of development of
alternative energy sources. Therefore, all indicators were stimulants. All variables were
assigned equal weights. Standardization was used as a method of normalization. At the
same time, the mean value and standard deviation were counted for indicators from all
considered years. In order to reduce the number of non-typical objects affecting the ranking
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results, the pattern was calculated on the basis of quartiles. Such a pattern is less sensitive
to non-typical objects and thus more representative of objects with typical indicator values.
The pattern has coordinate values that are the first quartile for indicators that are destim-
ulants and the third quartile for indicators that are stimulants. The coordinate values of
the anti-pattern were counted based on the first quartile for indicators having the nature
of stimulants and the third quartile for indicators having the nature of destimulants. The
most important step of the VMCM method is the construction of a synthetic measure to
assess the level of renewable energy generation. The VMCM synthetic measure is char-
acterized by transparency and simplicity of interpretation when comparing the pattern
and anti-pattern to all the objects in the research sample. This is due to the use of vector
calculus properties. The measure is expressed as a component of a vector representing the

object along a differential vector
→
M′
j

, which is the difference between the vector-pattern

and
→
X′
w

vector-anti-pattern (
→
X′
aw

Figure 5a). The vector
→
M′
j

determines a one-dimensional

coordinate system with origin in the point determined by the end of the vector
→
X′
aw

. The

synthetic measure is ma
j

the value of the projection of the vector
→
X′
j
−
→
X′
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onto the vector

→
M′
j

(Figure 5b). It allows us to tell how much longer (better) or shorter (worse) the vector

representing the object is than the differential vector.
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Due to using the properties of vector calculus, the VMCM offers more possibilities
than distance measures. Distance measures are more difficult to interpret, and objects
cannot be better than a pattern. The last stage of the VMCM method is the division of
objects into classes with similar measure values. This makes the results more clear to
read and facilitates graphical presentation. A good solution for spatial object ranking is a
map-like solution that is easier to present. Objects are visualized using colors that reflect
the classes. The division of objects into classes can be made on the basis of, for instance, the
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mean value and standard deviation of the mma0 synthetic measure σma0 . Four classes are
then formed and specific objects are assigned [109]:

1 for ma
j
∈ 〈mma0 + σma0 ; ∞) ,

2 for ma
j
∈ 〈mma0 ; mma0+ σma0) ,

3 for ma
j
∈ 〈mma0 − σma0 ; mma0) ,

4 for ma
j
∈ (−∞; mma0 − σma0) .

(1)

Using quantiles, objects can be divided into any number of classes.

4. Results and Discussion

Firstly, the level of renewable energy generation by European countries from 2001 to
2018 was investigated in dynamic terms. The base year was chosen to be 2009, because
in 2001–2007, the values of two diagnostic variables (X6—Electricity generation (GWh)—
Solar; X7—Electricity generation (GWh)—Solar photovoltaic) were very low compared to
2014–2018. Large differences in the values of these variables could blur the picture of reality
for the obtained ranking. At the stage of the diagnostic variables normalization, their
values would have been artificially increased. This would have resulted in their impact on
the measure being greater than desired. Therefore, due to their small values, they should
be eliminated at the second stage of the research procedure performed with the VMCM
(variable elimination). Nevertheless, year by year, solar technology is becoming more and
more important among renewable energy sources. It is difficult to compare its share in
2001 and, for example, several years later. In order to be able to investigate in the research
the whole period of 2001–2018, the base year was changed from 2001 to 2009. In that year,
the values of the above-mentioned variables (X6, X7) reached much higher values. Since
2009, an increase in solar energy generation could be seen very clearly in the majority of
the European countries. Next, the mean values and standard deviations were calculated
from the 2009 data and used to normalize the indicator values for the following years. An
artificial pattern and anti-pattern were constructed according to stage six of the VMCM.
The pattern and anti-pattern were established on the basis of quartiles calculated for the
base year 2009. All objects in subsequent years were ranked in relation to that pattern and
anti-pattern. In the next stage, objects were divided into classes. The division into four
classes (very good, good, medium, poor) was introduced in order to present the level of
development of individual countries more clearly. It is easier to compare the positions
of countries with a similar level of renewable energy development. The creation of four
classes was also dictated by the fact that, in this type of research (MCA methods), it is often
this number that is distinguished. Class ranges were determined according to formula
(1), with the mean and standard deviation calculated for the base year. Based on these,
the class ranges adopted for the classification for all subsequent years were determined.
Table 4 shows the results of the rankings of the European countries of 2001, 2009 and 2018
made with the use of the VMCM with respect to the artificial pattern constructed on the
basis of the values of the 2009 indicators.
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Table 4. Ranking of selected European countries in 2001, 2009 and 2018 (VMCM) with respect to the
2009 artificial pattern.

2001 2009 2018

Country Measure
Value Class Country Measure

Value Class Country Measure
Value Class

FI 1.49 1 AT 1.70 1 UK 5.49 1
AT 1.11 2 SE 1.67 1 DK 3.59 1
NO 1.08 2 DK 1.67 1 DE 2.52 1
SE 0.90 2 FI 1.55 1 EE 2.34 1
DK 0.76 2 NO 1.52 1 FI 2.30 1
LV 0.56 3 UK 1.10 2 LV 2.20 1
HR 0.51 3 DE 0.98 2 AT 1.98 1
PT 0.43 3 ES 0.85 2 SE 1.96 1
UK 0.38 3 HU 0.79 2 IT 1.63 1
SI 0.33 3 PT 0.76 2 NO 1.57 1
ES 0.29 3 NL 0.67 2 PT 1.53 1
RO 0.26 3 LV 0.62 3 CZ 1.37 1
SK 0.18 3 EE 0.56 3 ES 1.35 1
NL 0.16 3 SI 0.55 3 BE 1.34 1
IT 0.15 3 BE 0.54 3 BG 1.24 1
FR 0.14 3 IT 0.42 3 HR 1.18 2
DE 0.08 4 HR 0.41 3 EL 1.16 2
CZ 0.04 4 CZ 0.40 3 IE 1.15 2
PL 0.02 4 IE 0.38 3 SK 1.03 2
IE 0.01 4 SK 0.37 3 RO 1.03 2
EL −0.01 4 PL 0.28 3 LT 0.92 2
LU −0.01 4 RO 0.27 3 NL 0.86 2
BE −0.03 4 FR 0.17 3 HU 0.81 2
BG −0.05 4 EL 0.16 3 SI 0.69 2
LT −0.06 4 LT 0.15 3 FR 0.68 2
UA −0.09 4 LU 0.14 3 LU 0.66 3
EE −0.10 4 BG 0.04 4 PL 0.57 3
HU −0.10 4 UA −0.08 4 UA −0.01 4

In 2001, Finland (FI) was assigned to Class 1. Class 2 contained Austria (AT), Norway
(NO), Sweden (SE) and Denmark (DK), while Class 3 included Latvia (LV), Croatia (HR),
Portugal (PT), the UK (UK), Slovenia (SI), Spain (ES), Romania (RO), Slovakia (SK), The
Netherlands (NL), Italy (IT) and France (FR). Class 4 consisted of Germany (DE), Czechia
(CZ), Poland (PL), Ireland (IE), Greece (EL), Luxembourg (LU), Belgium (BE), Bulgaria
(BG), Lithuania (LT), Ukraine (UA), Estonia (EE) and Hungary (HU). In 2009, Class 1
contained Austria (AT), Spain (SE), Denmark (DK), Finland (FI), and Norway (NO). In
Class 2, there were the UK (UK), Germany (DE), Spain (ES), Hungary (HU), Portugal (PT)
and The Netherlands (NL), while Class 3 included Latvia (LV), Estonia (EE), Slovenia (SI),
Belgium (BE), Italy (IT), Croatia (HR), Czechia (CZ), Ireland (IE), Slovakia (SK), Poland
(PL), Romania (RO), France (FR), Greece (EL), Lithuania (LT) and Luxembourg (LU). In
Class 4, there were Bulgaria (BG) and Ukraine (UA). In 2018, the UK (UK), Denmark (DK),
Germany (DE), Estonia (EE), Finland (FI), Latvia (LV), Austria (AT), Sweden (SE), Italy (IT),
Norway (NO), Portugal (PT), Czechia (CZ), Spain (ES), Belgium (BE) and Bulgaria (BG)
entered Class 1, while Class 2 consisted of Croatia (HR), Greece (EL), Ireland (IE), Slovakia
(SK), Romania (RO), Lithuania (LT), The Netherlands (NL), Hungary (HU), Slovenia (SI)
and France (FR), Class 3 consisted of of Luxembourg (LU) and Poland (PL), and Class 4
consisted of Ukraine (UA).

In the UK, since 2001 there was a 1376% increase in the capacity for renewable-energy-
generating facilities, which shifted the country from ninth place in the ranking to first place
in 2018. In 2001, hydroelectricity provided most of the green energy in the UK and other
countries. Investments in other renewable energy sources led to a situation where the
proportion of the British hydroelectric capacity to the capacity of all the power-generating
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facilities in the country dropped to just 10%. The most striking increase in the UK was
seen in the number of solar power facilities. Between 2001 and 2018, the increase in their
capacity amounted to 437,278%, and its share in the total power generated by renewables
rose from 0.09% to about 30%. The capacity share of wind power facilities increased from
15% to about 50% (4416% increase in their capacity). The smallest rise in capacity was seen
in biofuels and biogas, where, despite significant increases in the facility capacity, their
share remained marginal.

Finland, after being a ranking leader in 2001, fell to the 5th position in 2018. This was
mainly due to poor conditions for solar energy production. The capacity for renewable-
energy-generation facilities rose only by 166%. Energy from hydroelectric power still
played a dominant role there, even though its share in the total power generated by
renewable sources fell from 63% to 42%. The share of solar energy was still small as
it rose from 0.06% to 1.85%. The most noticeable increase took place in the capacity of
wind-energy-generating facilities, rising from 0.84% to 26%.

Germany was ranked 17th in 2001 and jumped to the 3rd position in 2018. The capacity
of renewable energy production facilities soared to 805%. In 2001, wind and hydroelectric-
generating facilities were dominant. In 2018, the share of hydroelectric capacity in all
renewables fell below 10%, while wind (50% share) and solar (38% share) power-generating
facilities play a dominant role, with their 50% and 38% shares, respectively.

Estonia moved upwards from penultimate place in 2001 to fourth in 2018. Over that
period, the country saw an 8693% increase in the capacity of renewable energy generation
facilities. Bioenergy was dominant in 2001 (capacity share at 71%). The second most
popular power facilities were hydroelectric power plants (with capacity share at 29%).
Other energy sources were not exploited. By 2018, the largest investments were made in
wind energy facilities. As a result, in 2018, these wind farms prevailed with their capacity
share at 51%. The proportion of bioenergy capacity fell to 43%, while hydroelectricity
dropped to 1.2%. Some investment was made in solar power generation, but its capacity
was still relatively small (5.2%).

The Netherlands dropped in the ranking from 14th position in 2001 to 22nd position
in 2018. The increase in the facilities’ capacity was 1244%. The low ranking was due to
the low ratio of renewable energy facility capacity to the energy consumed. The ratio in
2018 was only 18% for the top ranking country, i.e., the UK. Due to the lack of suitable
conditions, the share of the capacity of hydroelectric facilities was only 4.7% in 2001, and in
2018 it dropped even further to 0.38% (in renewable energy sources). In 2001, wind and
bioenergy-generating facilities were dominant, while in 2018 the leading sectors were wind
(45%) and solar (46%) generating facilities.

In France, the increase in power capacity was relatively small (210%), which resulted
in a drop from 16th (2001) to 25th place (2018). Hydroelectric plants were dominant in
2001 with a capacity share close to 100%. The share of wind and solar power capacity was
0.16% and 0.03%, respectively. The proportion of bioenergy did not exceed 2%. In 2018,
investment in wind and solar power generation facilities brought their capacity share to
30% and 19%, respectively, in 2018. Hydroelectric plants retained their dominant position
(48%).

Poland fell from its 19th position (2001) in the ranking to the penultimate position
in 2018. This was due to a very low ratio of the capacity of renewable energy generation
facilities to the energy consumed. That ratio was 16.19% in relation to the best ranked
UK. In 2001, hydroelectric plants played a dominant role. Their capacity accounted for
95% of the capacity of all the renewable energy generating facilities in the country. The
share of wind and bioenergy capacity was marginal (2% and 3%, respectively). There were
no solar-power-generation facilities. In the following years, significant investments were
made in wind power generation, making it a dominant source of renewable energy with
a capacity share at 69% in 2018. Investments in solar power generation facilities were
insignificant compared to other countries (capacity share in 2018 was at 6.7%).
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Figure 6a shows that in 2001 there was a clear division into the northern, western and
eastern European countries. In 2001, the northern European countries generated energy
from renewable sources at high and medium levels. In the western European countries,
that level was low and very low (with the exception of Austria) while in the eastern
European countries the renewable energy generation level was very low. This indicates
that environmental awareness was higher in northern and western European countries
than in the east of Europe. The investments made between 2001 and 2018 changed that
situation (Figures 6a and 7a,b). The western European countries gradually caught up
with the northern European countries to outpace them later. This was partly due to the
unfavorable conditions regarding solar energy generation in the north of Europe.
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The difference between the pattern and the anti-pattern determines the ranking order
of the objects. The greater the difference is for a given variable, the more this variable
affects the ranking result. Table 5 shows the values of variables after normalization for the
pattern (UK) and the anti-pattern (Ukraine). The values of the variables for Ukraine are
very small, close to zero, so they do not have much influence on the ranking result. The
main influence comes from the values of the UK variables.

Table 5. Values of variables for the UK and Ukraine (2018).

Country
Variables

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

UK 0.88 0.07 0.04 0.46 0.25 0.10 0.10 0.27 0.22 0.19 0.05
Ukraine 0.04 0.04 0.03 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Difference 0.84 0.03 0.01 0.46 0.24 0.10 0.10 0.27 0.22 0.19 0.05

The difference between the values of the pattern and the anti-pattern shows that the
variable X1—Electricity generation (GWh)—Total renewable energy had the greatest impact
on the ranking and was the determining factor for the ranking position. The second most
important factor was the amount of wind energy produced, represented by the variable
X4—Electricity generation (GWh)—Wind. This is due to the specific geographical location
of the UK on the island, so that the country has very good access to sites favorable for wind
energy production. A little less important, but still quite significant, was the production of
bioenergy, whereas the production of hydroelectric power could be considered of marginal
importance. Its share in the mix was gradually decreasing, which was due to the low
availability of places where such energy could be generated as well as to the negative
environmental impact of large investments of this kind. The unquestionable advantage of
hydroelectric power plants is the constant and uninterrupted access to energy independent
of environmental factors. The low values for the variables related to solar energy were
due to a rather uniform situation when regarding solar energy installations. Technological
breakthroughs, easy installation and the possibility of mounting small systems for individ-
ual households mean that there is a boom in the market for solar installations almost all
over Europe. This results in a fairly similar situation across Europe with some exceptions.
This again made the variables related to solar energy production poorly differentiated
between countries, which translated into an automatic decrease in its importance.

Table 6 shows the ranking made with the use of the real pattern (UK) and anti-pattern
(AU) from 2018. The top-ranking countries did not change their positions. This was
because the pattern of investment in renewable energy generation facilities in the UK was
in line with the overall European trend. All countries in the top tier that can be considered
leaders are making investments in a similar way. Due to huge changes in renewable energy
generation and investments, resulting in capacity being boosted by hundreds of percent,
older installations constructed in line with the approach to renewables prevalent in the late
20th century have a small share of the total energy mix.

An example of a country that changed its position in the new ranking is Italy. In 2018,
it moved from position 9 to position 7. This was due to the very high rate of capacity
of renewable energy production facilities to energy consumed. As regards Italy, this
variable had the highest value, and at the same time, in the new ranking, this variable
gained the highest importance. In the previous ranking, it was a variable equivalent to the
variable representing wind energy production, and it was less significant than bioenergy
production.
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Table 6. Ranking of selected European countries in 2001, 2009 and 2018 (VMCM) with respect to the
United Kingdom (UK) pattern and Ukraine (UA) anti-pattern—base year 2018.

2001 2009 2018

Country Measure
Value Class Country Measure

Value Class Country Measure
Value Class

FI 0.21 3 DK 0.29 2 UK 1.00 1
DK 0.14 3 AT 0.22 3 DK 0.65 1
AT 0.13 3 SE 0.22 3 DE 0.51 1
NO 0.11 3 FI 0.22 3 EE 0.36 2
SE 0.10 3 UK 0.18 3 FI 0.35 2
UK 0.06 4 DE 0.18 3 LV 0.32 2
LV 0.05 4 ES 0.18 3 IT 0.32 2
PT 0.05 4 NO 0.17 3 AT 0.30 2
HR 0.05 4 PT 0.14 3 SE 0.30 2
ES 0.04 4 HU 0.12 3 PT 0.29 2
SI 0.03 4 NL 0.11 3 ES 0.28 2

NL 0.02 4 EE 0.09 3 EL 0.26 3
RO 0.02 4 BE 0.08 3 BE 0.26 3
SK 0.01 4 IE 0.08 3 CZ 0.25 3
IT 0.01 4 LV 0.07 4 IE 0.24 3
DE 0.01 4 SI 0.06 4 BG 0.22 3
FR 0.01 4 IT 0.06 4 RO 0.20 3
CZ 0.00 4 CZ 0.06 4 NO 0.18 3
IE 0.00 4 SK 0.04 4 HR 0.18 3
PL 0.00 4 PL 0.04 4 NL 0.17 3
EL 0.00 4 HR 0.04 4 SK 0.17 3
BE −0.01 4 EL 0.03 4 LT 0.16 3
LU −0.01 4 FR 0.02 4 HU 0.14 3
BG −0.01 4 RO 0.02 4 FR 0.13 3
LT −0.02 4 LU 0.02 4 LU 0.11 3
UA −0.02 4 LT 0.02 4 PL 0.11 3
EE −0.02 4 BG 0.00 4 SI 0.10 3
HU −0.02 4 UA −0.02 4 UA 0.00 4

Norway is one of the countries whose position in the ranking dropped. It fell from
10th to 18th place. In Norway, hydroelectric power plants are the dominant source of
renewable energy. In 2018, their capacity share was 96% of total renewables. This was due
to the country’s specific geographical conditions, but it did not fit into the pan-European
trend. Investment in other renewables was very low compared to other countries, but
thanks to hydroelectricity, Norway enjoyed the highest ratio of power generating facilities
capacity to energy consumption.

Figures 8 and 9 show the result of the classification with the use of the real pattern and
the anti-pattern. It can be seen that in 2018, a group of countries from southeastern Europe
emerged, where investments in renewable energy were lower than in other European
countries. The worst situation was seen in Ukraine, Poland and Slovenia. In Western
European countries, however, the clear outlier is France.
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Figure 10 shows the spread of measure values between 2001 and 2018. The large
increase in the value of resources was due to a large increase in the number of renewable
energy sources. This resulted in a very significant increase in the share of renewable energy
in energy consumption. This increase was mainly in wind, solar and to a slightly lesser
extent bioenergy. The increase in the number of hydropower plants was small compared to
other facilities.
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The largest increase in renewables was in Germany and the smallest in Ukraine. The
effect of the growth in Germany can be seen in the graph showing the situation in 2013, but
growth also occurred in earlier years. There are only two countries above the mean curve
in the graph, namely Germany and the UK. These are the countries that were assigned
to Class 1 in 2018. Several Class 2 countries were also above average, but not shown in
the graph.

5. Conclusions

The MCDM/MCDA multicriteria analysis and MCA multivariate comparative anal-
ysis methods are excellent tools for decision support in the context of evaluating and
studying the sustainability of renewable energy. The MCA methods take into account the
complexity, multidimensionality and long-term nature of renewable energy development
and support decision-making processes. They are based on a variety of measures (existing
and newly developed), which, when appropriately selected, helps to include in consid-
erations the whole range of conditions for the development of renewable energy sources.
However, the data included in the analyses can be characterized by diversity, i.e., the same
variables can adopt small and large values. The so-called non-typical objects appearing in
this way may affect the correctness of the results obtained with the use of the methods of
multivariate analysis.

The methodological solution proposed by the authors should be considered as inno-
vative. The author’s VMCM method effectively solves the problem of atypical objects (it
performs much better than the analyzed TOPSIS and VIKOR methods). Moreover, thanks
to the unique approach to pattern construction, it allows one to study the dynamics of
changes over time. The used aggregate measure is not limited in the multidimensional
space (from below and above), so there is a possibility to take into account objects better
than the adopted pattern. It also allows the construction of aggregate measures using
arbitrary indicator configurations.

The research presented here on the level of development of renewable energy sources
in European countries has shown the effectiveness of the proposed method in this regard.
When assuming different patterns and anti-patterns (artificial and real) and different
base (reference) years, interesting results were obtained for the countries (objects) under
consideration. They allow for detailed analyses of development trends over a number
of years. This gives a fairly complete picture of the phenomenon of renewable energy
development in the adopted scope. The measures included in the study can be freely
modified (extended or narrowed) by changing the sets of diagnostic variables, e.g., the
ones describing the levels of renewable energy consumption in relation to the level of its
generation. This, in turn, will make it possible to look at this phenomenon from yet another
angle. The VMCM has also proven to be sensitive to changes in data values and more
effective in different situations when, for example, the analysis needs to be completed with
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new variables or new sources of energy need to be considered, as well as when changes are
necessary due to new legislation.

The proposed solution can be used to support decision-making at different levels,
e.g., regional, national or European (as presented in the paper). The results can be used by
decision makers (e.g., at the European level) when planning subsidies for the sustainable
development of renewable energies. The resulting rankings (based on a developed aggre-
gate measure for selected indicators) make it possible to determine the level of renewable
energy development in individual countries (in different time periods). The division of
countries into classes allows the grouping of countries with a similar level of development,
comparing possibilities in relation to, for example, the most developed ones and making
decisions about possible support for specific forms of renewable energy development.

MCA methods (TOPSIS, VMCM) are dedicated to the analysis of large numbers of
data, covering a large number of objects and evaluation criteria. They do not require the
active participation of the decision maker in the calculation procedure. The main limitation
of this type of research may be the partial lack of data. Available databases, such as IRENA,
EUROSTAT, etc. sometimes contain data gaps. Some data for some indicators or particular
years are missing. Another limitation may be the low variability of values of criteria, taken
into account while constructing the aggregate measure.
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99. Piwowarski, M.; Miłaszewicz, D.; Łatuszyńska, M.; Borawski, M.; Nermend, K. TOPSIS and VIKOR Methods in Study of
Sustainable Development in the EU Countries. Procedia Comput. Sci. 2018, 126, 1683–1692. [CrossRef]

100. International Council for Science (ICSU). A Guide to SDG Interactions: From Science to Implementation; International Council for
Science (ICSU): Paris, France, 2017.

101. International Renewable Energy Agency (IRENA). Data & Statistics. Available online: https://www.irena.org/statistics (accessed
on 15 June 2021).

102. Jahanshahloo, G.R.; Lotfi, F.H.; Izadikhah, M. An Algorithmic Method to Extend TOPSIS for Decision-Making Problems with
Interval Data. Appl. Math. Comput. 2006, 175, 1375–1384. [CrossRef]

103. Hwang, C.-L.; Yoon, K. Multiple Attribute Decision Making; Springer: Berlin/Heidelberg, Germany, 1981; ISBN 978-3-540-10558-9.
104. Opricovic, S. Multicriteria Optimization of Civil Engineering Systems; Faculty of Civil Engineering: Belgrade, Serbia, 1998.
105. Opricovic, S.; Tzeng, G.-H. Compromise Solution by MCDM Methods: A Comparative Analysis of VIKOR and TOPSIS. Eur. J.

Oper. Res. 2004, 156, 445–455. [CrossRef]
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