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Abstract: Energy issue stays a top priority for the national security of most countries. Despite numer-
ous international forums, large-scale geoeconomic research, international and national projects, and
the development of appropriate strategies, the issue of energy security assessment and understanding
of its terminology is not a universal practice. The presented study has an ambitious goal to develop
a methodology that can provide an objective picture of the energy sector on an international scale
with cross-country comparisons under the influence of modern megatrends. Based on 29 indicators,
according to the World Bank data since 1991, the energy security index is calculated for the set of
world states with further analysis of the cluster dynamics of their common trends in energy security.
The index showed its objectivity and resistance to existing shocks in geoeconomic dynamics. An
important feature of the proposed index is the possibility to compare the energy security index with
1. This value is, in fact, a European average: if a country has an energy security index greater than
1, it means that its energy level is currently better than the European average, and if it is lower
than 1, it means that it is inferior to the level of energy security currently achieved on average in
Europe. The concept of calculating the index of energy security of the state is based on a unified
comparison of all countries, which allows us to move away from the use of signaling approaches and
eliminate subjectivity in calculations, as well as provide a basis for dynamic comparison of energy
security. The vital aspect of the index is that it takes into account changes in the energy paradigm,
the transition to alternative energy sources, and the comprehension of the role of energy efficiency, in
particular, of fossil fuels. The study identifies clusters of countries that have consistent similarities
in energy security, which can usually be of practical interest in developing energy strategies and
understanding the similarity of geoeconomic interests of these states. Thus, this article contributes
not only to the development of scientific approaches to the assessment of energy issues, in particular,
through the methodological development of a representative index, but also through the presentation
of statistically sound results for further effective management decisions at the state level.

Keywords: energy security index; energy security; clustering; Europe; resources; efficiency

1. Introduction

Energy is widely understood as an important component of national security [1]. The
concept of “energy security” has become widely used and closely related to the security
of the country [2], given that the problem of providing the economy and population with
energy resources is becoming more complicated every year in general (in particular, from
a European point of view). The world currently faces the fight and intensive search for
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energy resources. Despite the technological development and the integration of robots in
our life, still, most wars and world conflicts are about energy resources. Quite obviously,
most governments and international unions are increasingly worried about the stability in
the energy sector and the availability of peaceful alternatives that will be harmless to the
environment [3].

Despite the constant steps towards circular economy and sustainable development,
countries are increasing electricity consumption (Figure 1); one of the triggers for this is,
in particular, digitalization. Scientists” forecasts show that energy consumption will not
decrease in the coming decades [4].
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Figure 1. Electricity consumption in different countries from 1990 to 2019, trillion kW (authors” scheme based on World

Bank data).

The term “energy security” is used almost everywhere in economic and political
discussions related to energy supply [5]. However, it should be emphasized that different
authors attach several meanings to the concept of energy security. Quite often, this term
is used to give more importance or relevance to the issues covered, which are often not
inherently related to energy security [6]. For example, the Shannon-Wiener formula
addresses the issue of diversification of resource use, rather than the direction of their
supply [7]. The trilemma index focuses on only three areas of energy security [8,9].

Energy security, in general, can be seen as ensuring uninterrupted access to energy
resources at an affordable price [9,10]. Currently, there is a systematic reduction in hydro-
carbon fuel reserves. It stimulates the ongoing efforts of some countries, mainly oil and
natural gas exporters, to put pressure on energy importers to achieve their political goals.
Thus, the issue of energy security becomes even more important.

The concept of “energy security” first became the subject of theoretical and practical re-
search only in the early 1970s because of the first world energy crisis, which was associated
with the embargo of OPEC member countries on oil supplies to developed countries [11].
The response to these challenges has been in the realization of a comprehensive definition
of energy security by the UN World Energy Council as the assurance that energy will be
available in the quantity and quality required under such economic conditions [12].

Based on the above definitions, it is advisable to identify the characteristics of energy
security of the state:

e first, it is one of the most important components of economic security that shows the
level of energy resources that guarantee to the state its full life;

e second, it is considered in the scale of the appropriate state of security of the fuel and
energy complex and its ability to ensure energy independence of the country.
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The country’s energy independence is determined by the readiness of the country’s
fuel and energy complex to withstand the destabilizing influence of internal and external
factors that threaten the country’s independent policy in the field of energy supply of
the economy and population [13]. In addition to the usual diversification of fuels, this
includes ensuring the invulnerability of its own extracted minerals, independence in
making geopolitical decisions, and assessing the reliability and predictability of actions
of energy exporting partners to prevent pressure, such as has occurred with the Russian
Federation’s push on Ukraine.

The energy security of the state has quantitative and qualitative indicators. A quite
principal indicator is the production of energy [14]. Prospects for the development of
the fuel and energy complex (FEC) of any modern state, as well as strategic objectives to
strengthen the country’s position in the global system of division of labour, make new
demands on the security and reliability of almost all FEC facilities. For example, under
modern conditions of strengthening terrorism, this factor must be taken into account when
forecasting existing or potential forms of danger to high-risk facilities, which include
fuel and energy facilities—nuclear and hydropower plants, oilrigs, gas and oil pipelines,
hydrocarbon storage facilities, power lines, and others. Damage to these facilities can
lead to emergencies and significant losses to the national economy, the death of hundreds
of thousands of people, significant economic damage, and large-scale environmental
consequences [15].

Special emphasis should be placed on the paradigm shift in energy security in recent
years, which is associated with the transition to alternative energy sources and ensuring
the greening of energy security.

Thus, attempts to define the essence of the concept of “energy security” were not
systematic and were marked by a variety of approaches (i.e., [16-19]) and some with
insufficient justification. The same applies to methods of calculating energy security. In
particular, the most common of them are:

e International energy security risk index-analysis of the methodological settings [7];
e Index of U.S. energy security risk [8];
e  World energy outlook 2020 [9].

Different approaches are also characterized by attempts to develop analytical tools
for assessing the level of threats and the state of energy security, but they do not make
it possible to clearly define the subject field of energy security and define the scope of
its concept. At the same time, the need to assess the level of energy security in Europe
and the world, in general, is urgent [20]. Therefore, the scientific problem of the paper is
to supplement the existing literature with enhanced methodology of the energy security
assessment that could be adaptive to the current situation in the world and spread over a
wide range of states.

This article, as a research paper, considers the possibility of creating a methodological
approach to energy security assessment that takes into account the strengths of existing
methods but is easy to calculate, adapted to existing data in open access, effective in
cross-country comparisons, and takes into account current megatrends and geopolitical
trends. Note that we consider megatrends as “trends that occur on a large scale; they,
therefore, affect large groups of humans, states, regions, and in many cases, the entire
world”, according to [21]. Such a formulation of the research question stimulated the
presentation of the material in the following logical sequence: the introduction reveals the
problem area and emphasizes the feasibility and relevance of this scientific research, which
aims to close a scientific gap and be a springboard for further research by a wide range
of scholars of this field [22]. The literature review is based on three vectors to confirm
scientific methodology and justify the novelty of the work:

- the consideration of key searches for the term “energy security” in the last 10 years,

- the analysis of existing publications on methods of energy security assessment,

- acritical consideration of scientific works to confirm or refute the hypothesis of the
impact of economic development and modern megatrends on energy security [23].



Energies 2021, 14, 3621

40f19

The methodology section reveals the key essence of the authors’ approach to the
calculation of the energy security index. It follows up with the assessment of the countries of
the world by the authors” approach, their clustering and critical qualitative understanding
of the obtained quantitative results. That is reflected in the results section [24]. Conclusions
and consideration of the possibilities of continuing the scientific discussion on the chosen
topic conclude this article.

2. Literature Review

Energy security is the most important component of the comprehensive security of
both individual states and the world as a whole [25]. At the same time, it is impossible
to allow the access factor, depending on the energy sector, to become a cornerstone in
geopolitical and geoeconomic areas. Rationalization of the use and integration of energy
markets should be based on a well-thought-out symbiosis of supranational and national
competence in the form of clearly defined economic and legal models of both states
and supranational structures [26]. In addition, emergencies and cyclical crises in the
energy sector and in ensuring its security are on the agenda when developing strategies to
universalize relations between energy producers and consumers. At the same time, the
tasks facing states differ significantly from countries that consume energy and countries
that deal with their supply or transit [27].

Energy security is a systemic process, part of which are national policies and inter-
national institutions [28]. Their goal is to respond in a coordinated manner to failures,
problems, and operational emergencies. Thus, ensuring energy security is impossible with-
out active international cooperation, the basis of which should be international institutions.
The importance of the problem of energy security policy is based on the general social
significance of energy, which consists of four main aspects of its use by the socio-economic
system [29]:

(1) functioning, i.e., ensuring basic human needs and energy supply of economic activity;

(2) maintaining the existing level of infrastructure of modern society;

(3) use of energy to ensure population growth, capital, and consumption;

(4) ensuring the dynamics of changes in economic infrastructure, technical progress, and
productivity growth.

An important factor that should be highlighted when considering energy security is
the depletion of natural resources, and these resources are usually extracted in the so-called
“developing countries” and consumed mostly by developed countries, which leads to
imbalances in socio-economic relations between these groups of states [30]. To ensure the
reduction of this gap in the level of socio-economic development, an updated architecture of
international institutions capable of prudent control of national and supranational relations
in this area is needed [31].

In general, most articles on energy security introduce their wording of the term
“energy security”, such as [32]. For example, energy security is defined by the World
Energy Council as “ ... the confidence that energy will be available and in the quantity
and quality required by economic conditions ... ” [33]. International Energy Agency
formulates energy security as “ ... continuous physical availability of resources at a price
that is acceptable in terms of environmental compliance ... ” [10,34-39]. However, all
scientists agree that energy security is a dynamic phenomenon [40]. Thus, there are long-
term and short-term energy security’s aspects. The first is mostly about the economic
aspects of timely energy supply and environmental safety [36]. The second is oriented on
the prompt adaptation of the energy system to sudden threats or changes in the energy
balance [10].

Based on the above [37-42], the following definition of energy security in the system
of modern geoeconomic threats can be given:

Energy security is the state’s ability to ensure efficient use of its fuel and energy, to
optimize diversification of sources and resources to ensure the livelihood of the population
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and volatility of prices for fuel and energy resources or to create conditions for rapid
adaptation of the national economy to new prices for these resources.

Therefore, the authors” approach clarifies the definition of “energy security” as the
correspondence of the country’s development indicators to similar indicators of other
countries, which allows for a dynamic comparison of countries without taking into account
certain weights, as well as automatically taking into account any fundamental changes in
the world.

Analyzing the methods of assessing energy security over the past 10 years, several
typical trends can be noted:

(1) the state of energy security and its components is assessed using appropriate methods
and analysis of specially designed sets of representative quantitative indicators [43].
Their composition depends on many factors [44], for example, geography and country
size [45], the type of the economy [46], and the level of economic development, i.e.,
GDP [47], and the specific indicators of living standards, etc. [48];

(2) due to the diversity of energy structures, national energy balances, each country tries
to build its energy security system and adapt it optimally to its priorities to counter
internal and external threats, including economic, increased international economic
interdependence, and the desire to increase own level of global competitiveness [49];

(3) there are a few features of the calculating method of the state and indicators of
energy security. The first step of the calculation algorithm is the determination of the
normalized values of individual indicators, for example, index-indicators [49,50] of
the individual sectors of the economy [47] or the economy as a whole [51]. Then, the
integrated index of energy security is determined on this basis, using the weights of
the special procedure determined;

(4) theindicators used to assess safety are, to some extent, inherent in the properties of the
criteria. It is believed that “the true criterion for building any system (energy security
system) is the possibility of its accounting” [52]. It is also obvious that the number of
indicators for the region [53] or a type of economic activity [54] is much smaller than
for the country as a whole [55]. It can be expected that any set of indicators is not final
and will be adjusted, improved, or refined over time [56]. Therefore, the methods
usually assume their periodic updating; sometimes it is drastic in the life cycle and
the emergence of new threats to the risks of hazards.

(5) some countries, such as Ukraine, do not have a specially developed and officially
recognized method for calculating energy security [57]. For example, in Ukraine, there
are recommendations for the definition of energy security as a component of economic
security that are contained only in the methods of economic security calculating (since
2007). That was the first time when the indicators of the components of the economic
security of this state, and hence, the energy security, received more or less objective
quantitative estimates [58].

After the critical review of world practices, it is likely to claim that the GEI world
survey (Global Energy Institute) is particularly successful. It was conducted for a long
period of historical data for a large set of countries, which insures its validation. GEI as
a research organization at the US Department of Energy’s Chamber of Commerce has
developed and is supporting the international energy security index project [10,59]. The
project “international index of energy security risks” provides a rating assessment of energy
security for different countries. Relevant editions of 2018, 2019, and 2020 are publicly
available [International index 2020]. These estimates are performed on 29 parameters of
energy security profiles. In this case, the base year is 1980, i.e., the risks are calibrated
according to OECD indicators in 1980, which correspond to 1000 points. In general, GEI
energy security assessments cover the period from 1995 to the present [60].

Critical consideration of scientific work on the confirmation or refutation of the hypoth-
esis of the impact of economic development and modern megatrends on energy security
allows us to identify the following meaningful triggers:
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(1) to test these hypotheses, most scientists use the production function, which describes
the functional relationship between production volumes and economic costs [61];
econometric modelling [62]; systems of network analogies of optimization models of
production type; optimization problems; the economic and mathematical model of
the fuel supply system, presented in the form of a theoretical fuel supply network; a
model taking into account the indicator of energy security “share of imports from one
source”; and the linear programming [63];

(2) the autoreactive evolution of energy use and new technologies pushed economic
growth [64,65]. There is the proven opinion that energy prices have had a crucial
long-term role in economic development as well [66,67].

Thus, the analysis of modern scientific literature and international practice proves
the existence of a scientific gap in both methodological and substantive sense of energy
security assessment, which is the task of this study.

3. Methodology

The modern economy assumes that the main actors in the market are households and
firms that are related by certain relationships. These are the entities that determine the
main components of our analysis. The exchange of certain resources is required for the
functioning of firms and households. The availability of the resource market should reflect
the state of supply of various resources, availability, and the efficiency of their use. First,
we should focus on indicators that characterize energy security. In particular, the following
groups of indicators are identified:

(1) indicators of consumption of natural resources;
(2) indicators of resource depletion;

(3) indicators of efficient use of resources;

(4) indicators of attracting new energy sources;

(5) indicators of pollution due to mining activities;
(6) indicators of access to resources.

It should be noted that this division requires further development and selection of
specific indicators for each group of indicators. In this case, the following certain principles
are applied to obtain comparative data:

(1) indicators cannot be selected as officially calculated only in the national currency.
This is because countries have been able to devalue their currencies at convenient
times, which does not reflect the real state of affairs at purchasing power parity;

(2) indicators cannot be estimated in nominal terms, such as population, as these indica-
tors only indicate the potential of the economy but not the state of their effective use
or involvement in economic processes;

(3) the indicators cannot be incomparable with the indicators of other countries. The
peculiarity of the authors” methodology is that any indicator must be compared with
a certain world level, and therefore, the method of their calculation should be similar;

(4) indicators must have a certain history, at least 10 years. It should be noted that all
calculations should be based on a complete database.

Thus, the calculation of the new energy security index should be based on these prin-
ciples. Obviously, the variety of links increasing should not change the concept of security
but only indicate a set of relevant indicators. It is clear that the more interconnections are
created in the economy, the more accurate the calculation of energy security will be.

To create an adequate comparative base, each of the parameters selected for the
calculation of a particular type of security must be normalized to a certain world value.
Intuitively, the average value for all countries can be considered as such an indicator. In
addition, it is possible to conduct rationing to the leading country, but, in our opinion, such
a calculation will lead to certain distortions, because the leading country on one indicator
may be an outsider on the other.
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The question remains—which mechanism of combining indicators should be taken
into account? In most scientific papers [68,69], the authors gave some weight to each
indicator, which created a rather subjective nature of the study. Indeed, if today a scientist
believes that macroeconomic stability is unimportant and gives it a weight of, for example,
0.2, then in a few years, during a financial or economic crisis, other scientists will require a
completely different weight, for example, 0.8. Due to this subjectivity, the weight approach
cannot be used in the long run. One solution is to find a certain mean value that is not based
on the arithmetic mean. Apparently, this value can take the same values for indicators with
high and low volatility. In our opinion, a country with a stable security indicator should not
have significantly volatile indicators. Therefore, the geometric mean is quite appropriate
to calculate the safety index based on several indicators. Therefore, the objective function
decreases if the components differ significantly from each other.

Special mention should be made of the rules of rationing of disincentives. If the
indicator characterizes the state of the economy as positive, then obviously, the greater
its growth, the better for the economy. However, if the indicator harms the economy; it is
not possible to direct its inclusion in the calculations [70,71]. To solve this problem, such
indicators were listed individually. For example, if an indicator shows a percentage of
a certain value, then another is used instead that is equal to the difference between 100
and the initial indicator. In addition, if the indicator measures the number of days for
bureaucratic procedures, which is understandably a disincentive for the economy, it is
normalized by the obvious formula:

New value = 1/0I1d value @)

Thus, the energy security index for country s at time ¢t is calculated by the formula:

Iy = f (f[ gﬁ) @)

j=1 8jtw

where:

gjts—the value of the safety indicator for the j-th group of the index at time # in the
country s;

gjtw—the value of the safety indicator for the j-th group of the index at time f on
average in all countries of the world participating in the study;

u—the number of parameters when calculating the index;

f(-)—conversion function that allows normalizing the value. In most cases, such a
function can use a root of a degree that corresponds to the number of elements taken into
account in the formula.

The value of the indicator within the group is based on similar formulas, but special
functions are used to eliminate the impact of the lack of data in the database:

Pj
gjts =W <H ijts) ®3)
k=1

where:

Kigs . . . .
Hyp — { 1 if Kjkgs exists and Kjyyy, is calcualted for more than 30 countries,

ktw”
] ]

1, otherwise,

Kjis—the k-th statistical indicator from the database for the country s, which is used to
calculate the indicator of the j-th group of the index at time ¢;

Kjiy—the average value for the above indicator for all countries for which information
is available at time ¢t;

pij—the number of indicators for calculating the indicator of the j-th group of the
index;
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W(:)—rationing function, which can change the impact of a particular indicator.
This study uses a linear rationing function, which guarantees the same weight of all
considered indicators.

The description of the composition and structure of each safety index indicator is the
next stage. Remember that the state of provision and efficient use of available resources
and the possibility of obtaining them is considered the level of energy security. The list of
indicators for different groups of the indicator is given in Tables 1-6.

Table 1. Indicators for calculating energy security: resource consumption group.

Title of the Indicator in the D inti £ Indicat The Role of the
World Bank Database escription ot Indicators Indicator

The role of fossil fuels in modern economies should decrease; the
share of this indicator, which exceeds the world average, will be a Destimulator
disincentive for resource security.
Renewable energy consumption  The role of energy from renewable sources is constantly growing. The
(% of total final energy more a country introduces new technologies, the less it depends on Stimulator
consumption) energy supplies; the resource security is increasing.
Electricity consumption has a dual role in the economy. On the one
hand, the development of technology, new devices, are increasing the
comfort of people, but it requires an increase in consumption. On the
other hand, the latest technologies can reduce consumption through Stimulator
energy efficiency. In comparison with other countries, the advance of
this indicator under equal conditions of efficiency will be a stimulator
of resource security.
Energy use (kg of oil equivalent  This indicator is analogous to the previous one. In turn, it shows the

Fossil fuel energy consumption (%
of total)

Electric power consumption (kWh
per capita)

per capita) efficiency of resource use compared to other countries Stimulator
Energy use (kg of oil equivalent) C . -
per $1000 GDP (constant 2011 This indicator determmes.the efﬁaency of resource use from a Stimulator
PPP) material point of view.
Energy imports, net (% of energy The indicator shows the country’s dependence on imported Destimulator
use) resources.
Fuel imports (% of merchandise o , . .
imports) The indicator shows the country’s dependence on fuel imports. Destimulator
Table 2. Indicators for calculating resource security: resource depletion group.
Title of the Indicator in the World Bank .. . The Role of the
Description of Indicators .
Database Indicator
Energy depletion is the ratio of the cost of energy reserves to
Adjusted savings: energy depletion (% of its remaining service life. It covers coal, crude oil, and Destimulator
GNI) natural gas. Obviously, the higher this figure, the worse for
resource security.
Adjusted savings: mineral depletion (% The same mdlgatmj but only appl{ed to resources sgch as tin, '
of GNI) gold, lead, zinc, iron, copper, nickel, silver, bauxite, and Destimulator
phosphate.
Adjusted savings: natural resources Depletion of natural resources is the sum of net depletion of .
. o . . : Destimulator
depletion (% of GNI) forests, depletion of energy and depletion of minerals.
Adjusted savings: net forest depletion (% Pure forest depletion shows how much deforestation Destimulator

of GNI) exceeds natural growth. Apparently, it is a disincentive.
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Table 3. Indicators for calculating resource security: resource efficiency group.

Title of the Indicator in the World Bank
Database

Description of Indicators

The Role of the
Indicator

Energy intensity level of primary energy
(M]/$2011 PPP GDP)

GDP per unit of energy use (constant
2011 PPP $ per kg of oil equivalent)
Electric power transmission and
distribution losses (% of output)

Fuel exports (% of merchandise exports)

Energy intensity shows how much energy is used to
produce one unit of economic output. The less energy is
needed to produce, the more efficient a country is.

An indicator that demonstrates energy efficiency.

The greater the losses are, the more technologically

backward the country is.

The more fuel a country can export, the less dependent it is

on other countries.

Destimulator

Stimulator

Destimulator

Stimulator

Table 4. Indicators for calculating resource security: group to attract new energy sources.

Title of the Indicator in the World Bank
Database

Description of Indicators

The Role of the
Indicator

Renewable energy consumption (% of
total final energy consumption)

Alternative and nuclear energy (% of
total energy use)

Combustible renewables and waste (% of
total energy)

Electricity production from renewable
sources, excluding hydroelectric (% of
total)

Renewable electricity output (% of total
electricity output)

The indicator indicates the technological development of
the country is a stimulating parameter.

An indicator that shows how much the country uses nuclear
energy. On the one hand, such energy is evidence of the
technological capabilities of the state, on the other—itis a
threat to the environment, which was evidenced by the
Chernobyl and Fukushima accidents. Therefore, this
parameter should be considered as a disincentive.
This indicator indicates the degree of waste recycling in the
country. Obviously, the more fully the waste is recycled, the
better for the environment and the people in the country, so
it is a stimulating indicator.

The more the country attracts renewables, the better for the
human economy, so it is a stimulus.

Similar to the previous indicator, this indicator is a stimulus.

Stimulator

Destimulator

Stimulator

Stimulator

Stimulator

Table 5. Indicators for calculating resource security: a group of pollution due to mining activities.

Title of the Indicator in the World Bank
Database

Description of Indicators

The Role of the
Indicator

Adjusted savings: particulate emission
damage (% of GNI)
CO, emissions (kg per 2011 PPP $ of
GDP)

CO; emissions (metric tons per capita)

Adjusted net savings, including
particulate emission damage (% of GNI)

Adjusted savings: carbon dioxide
damage (% of GNI)

Perceptibly, any emissions reduce the safety of people, so
this indicator should be considered a disincentive.
Similar to the previous indicator, emissions are a

disincentive.

The lower the emissions per capita, the more technological
the production is. Thus, this indicator is a disincentive.
Adjusted net savings are equal to net national savings plus
education costs and minus energy depletion, mineral
depletion, clean forest depletion and carbon damage, and

greenhouse gas emissions.

The lower the cost of carbon dioxide, the better for the

country’s security.

Destimulator

Destimulator

Destimulator

Stimulator

Destimulator
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Table 6. Indicators for calculating resource security: resource access group.
Title of the Indicator in the World Bank .. . The Role of the
Description of Indicators .
Database Indicator
Access to electricity (% of the population) The more people have the opportunity to Jse enerey, the Stimulator
more developed the country is.
Access to electricity, rural (% of rural The indicator is similar to the previous one; it only .
. . Sy Stimulator
population) determines how developed the countryside is in the country.
Access to electricity, urban (% of urban This indicator defines how developed cities are in the .
. Stimulator
population) country.

It should be noted that the part of the indicators, which according to the logic of
construction, should have a positive sign, were negative according to the World Bank. The
following procedure is used to resolve this issue. If negative values are observed for a
certain relative indicator, the number 100 is added to it, which makes it positive. This is
necessary to enable the correct usage of the conversion tool for destimulators. The study
found that such a mechanism should be used for the indicator “Energy imports, net (% of
energy consumption)”.

This concept is the basis for calculating the energy security index for different countries,
but in this paper, only European countries are depicted. Schematically, the calculation of
the economic security index was carried out in several stages (Figure 2).

*Selection of countries for analysis \

<

eFormation of a database of necessary indicators
*Determining missing or incorrect data

Stage 1
*Modification of data for indicators with negative values

eDetermination of stimulants and destimulants )

*Calculation of average values for each indicator

<

eDetermination of the normalizing function for each indicator

Stage2 | eCalculation of energy security indicators

¢Calculation of the energy security index )

<

® Analysis of the obtained energy security indices

eIdentification of development trends of the country

Stage 3
eForming a strategy to improve the energy security index

J

<

Figure 2. The scheme of authors’ stages for calculation of an ecological security index.

The first stage of research was the collection of a database that allowed the calculation
of all the parameters considered. In the study, annual data from the World Bank database
since 1991 were used (Appendix A Table Al). The database indicated the appropriate
stimulants and destimulators in accordance with the method, the normalization of data
according to the above rules.
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In the second stage, all the necessary calculations described in the methodology
were performed. For European countries, the undoubted advantage of the analysis is
the completeness of the data. In fact, for observations of all 183 indicators, until 2016,
most of the data are present, and since 1995—almost all data for all countries. Due to
this, from this year on, it is not necessary to apply the rule according to which only those
indicators calculated for at least 30 states are taken into analysis. In total, calculations were
performed for 49 European countries. Unfortunately, the World Bank database does not
have a significant amount of data for 2003-2005 and partly for 2016-2017, which forced us
to abandon some of the calculations for these years.

4. Results

The results of the calculations are given in Appendix A Tables A2 and A3. Tables A2 and A3
shows that the volatility of the change in the energy security index is quite moderate and does not
change dramatically. Even during the financial crisis of 2008, the changes were not fundamental,
which is an obvious advantage of the proposed methodology. This was achieved by comparing
the changes in one country with the European level. Thus, during the crisis of 2008, prices for oil
and other resources fell significantly, which led to the restructuring of the entire energy market.
Accordingly, countries exporting raw materials experienced significant problems with filling
the budget, maintaining domestic stability, and ensuring a high level of economic and energy
security. If we calculate the energy security index by standard (known) methods, then for most
countries, it would be necessary to show a significant decline. However, this situation was typical
of a large number of states, and therefore, due to the competitiveness of the newly developed
index, the fall of one country was not significant relative to other states. That is supposed to be
the main advantage of the presented methodology, the index that is sensitive only to the state’s
tangible changes but not to the general changes over the world.

An important issue is to compare the energy security index with 1. This value is,
in fact, a European average: if a country has an energy security index greater than 1, it
means that its energy level is currently better than the European average, and if it is lower
than 1, it means that it is inferior to the level of energy security currently achieved on
average in Europe. For example, Norway consistently shows above the level of 1, selling its
resources, accumulating its assets in a special fund, and developing green energy through
economic incentives.

Given a large number of indicators for calculations, it should be understood that any
changes in several indicators will not have an immediate effect on energy security, but the
study of trends provides an understanding of what to expect from the country and how to
influence this index.

The next block of research is the clustering of countries and the study of the dynamics
of changes in the composition of clusters.

In general, it should be noted that the changes in energy security in Europe were
not particularly dramatic. Most states, if they changed the cluster, usually returned to it
in a few periods. Thus, it can be stated that the dynamic change of clusters is associated
in most cases only with the manifestations of competition or the uneven introduction of
new technologies.

A particular case should be mentioned—Ukraine should be analyzed separately
as it has visited five different clusters in 20 years according to the integrated indicator.
Noticeably, this is primarily due to the different geopolitical components of the state’s
development. If, at the beginning of 2000, there was significant energy influence from
the Russian Federation, then after the revolutions of 2004 and 2014, the energy balance
was transformed. The 2004 revolution changed one oligarchic system to another. This
change was not easy in the energy sector as Ukraine was forced to switch to market energy
prices. Not taking into account the significant corruption component, such a transition led
to a significant reduction in resource consumption, the abolition of energy purchases in
Turkmenistan, changes in gas transit payments, and so on. These changes were significant
and were accompanied by gas and gasoline wars. The revolution of 2014 led to the war with
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Russia, the seizure of the energy regions of Donbas and Crimea by Russia, and the fall in the
production of its energy resources by almost a third. Ukraine has also refused to purchase
gas from Russia, buying it from European partners. This transformation completely
changed the energy balance of the country and led to the formation of completely new
schemes for the transportation of raw materials and pricing in the energy market.

Very often, clustering puts Ukraine in the same group as Malta, Cyprus, Armenia,
Poland, and Hungary, i.e., countries that are highly dependent on energy supplies. At
the same time, a group of Scandinavian countries, led by Norway and Sweden, seems
to be stable. They have a strong resource supply and made significant progress in the
introduction of alternative energy sources (Table 7).

Table 7. Clustering results in dynamics on the base of the energy security index.

Cluster | Year 2000 2010 2020
Finland, Iceland, Norway, Denmark, Finland, Iceland, Norway, Denmark, Ireland, Norway,
Cluster 1
Sweden Sweden Sweden
Austria. Denmark. Georeia Albania, Austria, Switzerland, Azerbaijan, Estonia, Finland,
Cluster 2 ! ’ gla, Estonia, Italy, Lithuania, Latvia, Greece, Lithuania, Latvia,
Portugal
Montenegro, Portugal Montenegro
Albania, Bosnia and Herzegovina, Germanv. Spain. France. Georeia
Switzerland, Spain, Estonia, Y p ’ ’ gla, Albania, Austria, Switzerland,
Cluster 3 . : Greece, Croatia, Netherlands, Poland, . .
France, Greece, Italy, Lithuania, ; . Spain, Croatia, Italy, Portugal
. . Serbia, Slovenia
Latvia, Montenegro, Romania
Belarus, Cyprus, Germany, Belglum, Bulgaria, Bosnia and Belgium, Cyprus, Germany, UK,
) Herzegovina, Belarus, Czech Rep., )
Croatia, Luxembourg, Nth. Georgia, Ireland, Malta,
Cluster 4 . UK, Hungary, Ireland, Luxembourg, .
Macedonia, Netherlands, Poland, . . ) Netherlands, Poland, Romania,
. Nth. Macedonia, Romania, Slovakia, .
Slovenia, Turkey Slovak Rep., Slovenia
Turkey
Armenia, Azerbaijan, Belgium, Bulgana, Bosnia and
Bulgaria, Czech Rep., UK Herzegovina, Belarus, Czech Rep.,
Cluster 5 ’ M Azerbaijan, Kazakhstan, Moldova, RF France, Hungary, Kazakhstan,
Hungary, Ireland, Kazakhstan, .
Moldova, RF, Serbia, Slovak Re Luxembourg, Nth. Macedonia,
e ! p- RF, Serbia, Turkey
Cluster 6 Malta, Ukraine Armenia, Cyprus, Malta, Ukraine Armenia, Moldova, Ukraine

Thus, the clustering of the states represents the groups of states that have the most
common situation in energy security. These results could be helpful for geopolicy develop-
ment, indicating possible partners for alliances or considering competitors in the search for
new fuel sources or additional volumes, as well, the fragility of the fuel-energy complexes
could be assessed as similar inside each state.

5. Discussion

This study analyzed the problem of energy security in the world. It has been shown
that despite numerous attempts to propose a single methodology for analyzing the state
of energy security, they have not provided an adequate final answer in the medium- and
long-term [72]. The main problems of most methods are: limited factors for analysis, focus
on purely national issues, lack of comparison with international counterparts, and failure
to take into account technological changes in the analysis [73]. Indeed, if we consider the
existing methods of the energy security index calculation, they primarily use a given set of
indicators that are considered important for a particular country but that is irrelevant for
another. None of the methods can take into account the effectiveness of systemic changes
in the energy market: for example, the transition from coal to oil, from oil to gas, and from
gas to alternative energy sources [74,75].

The proposed methodology for the energy security index calculating is based on the
comparison of indicators of different countries, which allows us to automatically take
into account new trends. For example, if all countries reduce oil consumption by 20%
in favor of gas in the next five years, the ratio of indices will remain unchanged [57]. A
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similar situation will be observed in the case of new energy sources [58]. At the same time,
if one of the countries is late with the transition, its energy security index will decrease
significantly [59].

It is impossible to say that this approach seems to be ideal. Of course, any methodology
has its drawbacks. In particular, the question of why all factors are in fact weighted with
the same weight is debatable [60]. Obviously, further research can determine the optimal
ratio of factor levers that will make the technique more accurate [61]. This is primarily due
to the coefficients that determine the efficiency of resource use, the attraction of alternative
energy sources, and the level of losses in energy transmission [73].

The second shortcoming of the methodology is related to the insufficient speed of
providing statistical information to world databases [74]. It should be noted that some
data are missing for a significant number of countries for 2017-2019, which forced us
to make forecasts and, accordingly, reduce the accuracy of the calculation of the energy
security index [75]. It is obvious that this problem will decrease with increasing quality and
speed of filling of world databases or development of more efficient and reliable artificial
intelligence models, as well as statistical analyses usable in forecasting methods resistant
to missing or incomplete data. During the COVID-19 pandemic, most governments signifi-
cantly increased their spending [76-80], so determining the impact on the energy sector
seems relevant.

6. Conclusions

At the same time, the obtained results are already quite interesting to analyze. In
particular, the paper clustered countries according to the energy security index for 2000,
2010, and 2020. This allowed us to identify common elements in the implementation of
energy policy in groups of countries, as well as to determine which countries have become
more or less competitive in this area. Of particular note is the increase in the index in
the Nordic and Baltic countries due to the active use of alternative fuel sources and the
replacement of fossil fuels.

The obtained results also contribute to further research in this direction. In particular,
with the help of economic and mathematical modeling, it is possible to study the impact of
fiscal and monetary policy on the state of the energy security index in European countries.
Such an analysis would be particularly useful using panel regression, which would allow
the study of commonalities and differences in response to relevant macroeconomic shocks.

The calculated table of energy security indices also allows studying in more detail the
dynamics of changes in individual countries and their relationship with macroeconomic
parameters. This area of research is designed to promote the development of national
energy strategies.

No less important is the analysis of changes in energy security indices in geopolitical
discourse. For example, the struggle for energy spheres creates a controversy over the
feasibility of building certain gas pipelines in Europe, such as Nord Stream-2. Evidently,
the proposed method automatically takes into account all changes without reconfiguration
and, therefore, allows the predicting of the index in different scenarios.

Author Contributions: Conceptualization, G.K. and O.K.; methodology, A.S.; software, J.A.; valida-
tion, A.S., G.K,, and O.K,; formal analysis, A.S.; investigation, ].N.; resources, J.A.; data curation, J.A.;
writing—original draft preparation, A.S., G.K., O.K,, and ]J.N.; writing—review and editing, A.S.,
GK, OK, and J.A.; visualization, J.A.; supervision, G.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was carried out as a part of project no. POIR.01.01.01-00-0281/20-00, entitled:
“Predictive energy management system EnMS”, co-financed by the National Center for Research
and Development.

Data Availability Statement: Free data access of [8-10,59] and Data of World bank (Appendix A
Table Al).



Energies 2021, 14, 3621

14 of 19

Acknowledgments: Authors would like to acknowledge the support given by the Institute of
Information Technology, Lodz University of Technology and FINN sp. z o. o. for sharing a research
infrastructure as well as technical and essential support.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or

in the decision to publish the results.

Appendix A
Table A1. Data sources for the study of the energy security index.
Group Indicator Link

. . o https:/ /data.worldbank.org/indicator/EG.USE.COMM.FO.ZS

Fossil fuel energy consumption (% of total) (accessed on 1 March 2021)

Renewable energy consumption (% of total final ~ https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS (accessed
energy consumption) on 1 March 2021)

. . . https:/ /data.worldbank.org/indicator/EG.USE.ELEC.KH.PC

S Electric power consumption (kWh per capita) (accessed on 1 March 2021)

consumption group Energy use (kg of oil equivalent per capita)

Energy use (kg of oil equivalent) per $1000 GDP
(constant 2011 PPP)

Energy imports, net (% of energy use)

Fuel imports (% of merchandise imports)

https:/ /data.worldbank.org/indicator/EG.USE.PCAP.KG.OE
(accessed on 1 March 2021)
https:/ /data.worldbank.org/indicator/EG.USE.COMM.GD.PP.KD
(accessed on 1 March 2021)
https:/ /data.worldbank.org/indicator/EG.IMP.CONS.ZS (accessed
on 1 March 2021)
https:/ /data.worldbank.org/indicator/TM.VAL.FUEL.ZS.UN
(accessed on 1 March 2021)

Adjusted savings: energy depletion (% of GNI)

resource depletion Adjusted savings: mineral depletion (% of GNI)

group Adjusted savings: natural resources depletion (%

https:/ /data.worldbank.org/indicator/NY.AD].DNGY.GN.ZS
(accessed on 1 March 2021)

https://data.worldbank.org/indicator/NY.AD].DMIN.GN.ZS
(accessed on 1 March 2021)

https:/ /data.worldbank.org/indicator/NY.AD].DRES.GN.ZS

of GNI) (accessed on 1 March 2021)

Adjusted savings: net forest depletion (% of https:/ /data.worldbank.org/indicator/NY.AD].DFOR.GN.ZS
GNI) (accessed on 1 March 2021)

Energy intensity level of primary energy https://data.worldbank.org/indicator/EG.EGY.PRIM.PP.KD
(MJ /%2011 PPP GDP) (accessed on 5 March 2021)

GDP per unit of energy use (constant 2011 PPP $
per kg of oil equivalent)
Electric power transmission and distribution
losses (% of output)

resource efficiency
group

Fuel exports (% of merchandise exports)

https:/ /data.worldbank.org/indicator/EG.GDP.PUSE.KO.PP.KD
(accessed on 5 March 2021)
https:/ /data.worldbank.org/indicator/EG.ELC.LOSS.ZS (accessed
on 5 March 2021)
https:/ /data.worldbank.org/indicator/TX.VAL.FUEL.ZS.UN
(accessed on 5 March 2021)

Renewable energy consumption (% of total final
energy consumption)
Alternative and nuclear energy (% of total
energy use)
Combustible renewables and waste (% of total
energy)

Electricity production from renewable sources,
excluding hydroelectric (% of total)
Renewable electricity output (% of total
electricity output)

group to attract new
energy sources

https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS (accessed
on 5 March 2021)
https://data.worldbank.org/indicator/EG.USE.COMM.CL.ZS

(accessed on 5 March 2021)

https:/ /data.worldbank.org/indicator/EG.USE.CRNW.ZS
(accessed on 5 March 2021)

https:/ /data.worldbank.org/indicator/EG.ELC.RNWX.ZS
(accessed on 5 March 2021)

https://data.worldbank.org/indicator/EG.ELC.RNEW.ZS
(accessed on 5 March 2021)

Adjusted savings: particulate emission damage
(% of GNI)

CO, emissions (kg per 2011 PPP $ of GDP)
group of pollution
due to mining
activities

CO, emissions (metric tons per capita)

Adjusted net savings, including particulate
emission damage (% of GNI)
Adjusted savings: carbon dioxide damage (% of
GNI)

https:/ /data.worldbank.org/indicator/NY.AD].DPEM.GN.ZS

(accessed on 5 March 2021)
https:/ /data.worldbank.org/indicator/EN.ATM.CO2E.PP.GD.KD
(accessed on 5 March 2021)
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC

(accessed on 5 March 2021)

https:/ /data.worldbank.org/indicator/NY.AD].SVNG.GN.ZS
(accessed on 5 March 2021)

https://data.worldbank.org/indicator/NY.ADJ].DCO2.GN.ZS
(accessed on 5 March 2021)
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https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC
https://data.worldbank.org/indicator/EG.USE.PCAP.KG.OE
https://data.worldbank.org/indicator/EG.USE.COMM.GD.PP.KD
https://data.worldbank.org/indicator/EG.IMP.CONS.ZS
https://data.worldbank.org/indicator/TM.VAL.FUEL.ZS.UN
https://data.worldbank.org/indicator/NY.ADJ.DNGY.GN.ZS
https://data.worldbank.org/indicator/NY.ADJ.DMIN.GN.ZS
https://data.worldbank.org/indicator/NY.ADJ.DRES.GN.ZS
https://data.worldbank.org/indicator/NY.ADJ.DFOR.GN.ZS
https://data.worldbank.org/indicator/EG.EGY.PRIM.PP.KD
https://data.worldbank.org/indicator/EG.GDP.PUSE.KO.PP.KD
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https://data.worldbank.org/indicator/EG.ELC.RNEW.ZS
https://data.worldbank.org/indicator/NY.ADJ.DPEM.GN.ZS
https://data.worldbank.org/indicator/EN.ATM.CO2E.PP.GD.KD
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC
https://data.worldbank.org/indicator/NY.ADJ.SVNG.GN.ZS
https://data.worldbank.org/indicator/NY.ADJ.DCO2.GN.ZS
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Table A1. Cont.

Group Indicator Link

https:/ /data.worldbank.org/indicator/EG.ELC.ACCS.ZS (accessed
on 5 March 2021)
https:/ /data.worldbank.org/indicator/EG.ELC.ACCS.RU.ZS
(accessed on 5 March 2021)
Access to electricity, urban (% of urban https:/ /data.worldbank.org/indicator/EG.ELC.ACCS.UR.ZS
population) (accessed on 5 March 2021)

Access to electricity (% of the population)

resource access group  Access to electricity, rural (% of rural population)

Table A2. The energy security index calculated.

Country C((;zg;ry 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Albania ALB 1.038 1.095 1.119 1156 1136 1.182 1.148 1.100 1.103 1.061 1.035 1.046 0.989 1.082
Armenia ARM 0.729 0.791 0872 0865 0.799 0.803 0.723 0.782 0.780 0.762 0.723 0.748 0.764 0.761
Austria AUT 1.232 1.297 1.285 1.287 1270 1.242 1230 1214 1217 1.184 1.198 1.200 1.193 1.200
Azerbaijan AZE 0.779 0.744 0.697 0678 0.681 0.775 0.768 0.812 0.814 0.820 0.788 0.779 0.814 0.784
Belgium BEL 0.795 0.813 0.790 0791 0815 0.802 0.782 0.796 0.773 0.780 0.787 0.800 0.815 0.819
Bulgaria BGR 0.706  0.714 0.709 0.707 0738 0.729 0.724 0.780 0.785 0.838 0.806 0.825 0.837 0.692
Bosnia and Herzegovina BIH 0.825  0.904 0.919 1.062  1.060 1.069 1.013 1.032 1.040 0.985 0986 0978 0.968 0.969
Belarus BLR 0.885  0.816 0.819 0.853 0.848 0.868 0.872 0.867 0.879 0.919 0.926 0939 0.938 0.749
Switzerland CHE 1.028 1.045 1.058 1.065 1.050 1.035 1.034 1.030 1.033 1.035 1.030 1.106 1.103 1.081
Cyprus CYP 0.538  0.549 0.541 0.627 0.897 0.888 0.849 0.871 0.859 0.854 0.852 0.870 0.880 0.809
Czech Republic CZE 0.855 0.865 0.849 0.880 0.874 0.847 0.842 0.842 0.851 0.809 0.820 0.832 0.801 0.819
Germany DEU 0.827  0.867  0.855 0864 0855 0.844 0.853 0.862 0.868 0.864 0.874 0901 0.922 0.938
Denmark DNK 1.094 1.169 1.149 1162 1.147 1114 1.146 1.150 1.180 1.204 1.199 1214 1225 1.253
Spain ESP 1.003  0.997  0.999 0998 0977 1.006 0.992 0.979 0.962 0.969 0994 0973 1.004 0.988
Estonia EST 0.845  0.966 0967 0943 0.882 0.917 0.941 0.931 0.923 0945 0923 0997 1.002 0.992
Finland FIN 1.309 1.358 1.342 1.330 1.339 1318 1315 1.322 1.321 1324 1295 1292 1.265 1.283
France FRA 1.053 1.097 1.083 1103  1.079 1.048 1.029 1.009 1.009 0985 0988 0971 0.972 0.961
United Kingdom GBR 0.729 0.792 0792  0.823 0.821 0.798 0.804 0.798 0.798 0.796 0.784 0.800 0.793 0.803
Georgia GEO 1.018 1.004 1.072 1.015 1194 1176 1171 1.151 1.141 1.112 1.165 1.145 1.138 1.105
Greece GRC 0909  0.956 1.011 1.015 0991 0.983 0959 0963 1.001 0.999 0992 0.992 0.987 0.975
Croatia HRV 1.070 1.133 1.161 1.104 1.092 1.090 0983 1.016 1.008 0.922 1.131 1.123 1.119 0.964
Hungary HUN 0.748 0.770 0.748 0.760  0.751 0.739 0.724 0.715 0.712 0.708 0.715 0.699 0.746 0.795
Ireland IRL 0.850  0.796 0.820 0.828 0.805 0.813 0.832 0.844 0.832 0.826 0.835 0.854 0.832 0.857
Iceland ISL 1.236 1.274 1.254 1293  1.253 1224 1214 1311 1.358 1.399 1375 1.398 1.350 1.376
Italy ITA 0.989 1.030 1.012 1.016 0982 0.974 0966 0959 0.961 0961 0970 0.983 1.009 0.988
Kazakhstan KAZ 0.837  0.745 0.719 0.723  0.750 0.758 0.763 0.757 0.773 0.806 0.758 0.783 0.779 0.749
Lithuania LTU 0.766 0.791 0.848 0.898 0.875 0.885 0.897 0.925 0945 0.955 0.829 0.842 0.858 0.864
Luxembourg LUX 0970  0.921 0.928 1.002 1.012 1.001 1.019 1.031 0.868 0.907 0.909 0.895 0.884 0.895
Latvia LVA 1.081 1.075 1.090 1.047 1.082 0.919 0.929 0964 0.993 0998 0989 1.029 1.071 1.115
Moldova MDA 0.806  0.813 0.795 0.760 0708 0.570 0.819 0.577 0.651 0.702 0.659 0.671 0.772 0.785
North Macedonia MKD 0.864 1.006 0.981 0.852 0.887 0.892 0.862 0.862 0.907 0.923 0.875 0.860 0.909 0.901
Malta MLT 0.808  0.836 1.109 0.836 0.750 0.812 0.775 0.751 1.069 0.517 0.737 0.784 0.774 0.937
Montenegro MNE 1.010 1.009 1.011 1.010 1.011 1.009 1.010 1.011 1.010 0.996 0.996 0.996 0.996 0.997
Netherlands NLD 0.909 0.936 0932 0941 0928 0.927 0930 0922 0925 0.923 0920 0926 0.921 0.935
Norway NOR 1.472 1.535 1.509 1.538  1.519 1509 1474 1452 1438 1419 1403 1.447 1.417 1.400
Poland POL 0762  0.814 0.874  0.882 0.879 0.877 0.873 0.886 0.869 0.861 0.898 0.897 0.887 0.903
Portugal PRT 1.207 1.243 1.238 1.255 1.225 1193 1169 1.139 1.115 1.109 1.098 1.097 1.117 1.100
Romania ROU 0892  0.771 0772 0978 0969 0.981 0.843 0.846 0.991 0978 0946 0.795 0.807 0.809
Russian Federation RUS 0.727  0.766 0.759 0.747 0736 0.798 0.788 0.753 0.752 0.733 0.758 0.761 0.771 0.777
Serbia SRB 1.121 1.061 1.033 1.030 1.070 0.995 0.900 0.921 0911 0.827 0914 0929 0.966 0.898
Slovak Republic SVK 0765  0.777  0.853 0.842 0.844 0.835 0.808 0.797 0.808 0.815 0.876 0.870 0.825 0.812
Slovenia SVN 1.036 1.014 1.012 1.039  0.999 0.965 0.944 0950 0.881 0.925 0.938 0945 0.953 0.950
Sweden SWE 1.337 1.386 1.371 1.349 1336 1298 1315 1303 1300 1.334 1307 1278 1.285 1.296
Turkey TUR 0.979 0.988 0977 0959 0965 0.927 0.899 0.908 0.885 0.854 0.864 0.871 0.863 0.863

Ukraine UKR 0.680 0.602 0.625 0.629  0.609 0.562 0.571 0.503 0.501 0.494 0519 0519 0.525 0.530
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Table A3. The energy security index calculated.

Country Cgl(l)::ltery 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 * 2020 *
Albania ALB 1.125 1.086 1.031 1.084 1.070 1.090 1.050 1.051 1.050 0.934 1.284 1.128 0.698 0.784 1.005 0.994
Armenia ARM 0.707 0.740 0.634 0.565 0.557 0.661 0.642 0.622 0.610 0.640 0.647 0.479 0.398 0.168 0.184 0.184
Austria AUT 1.202 1.228 1.210 1.197 1.186 1.168 1.165 1.164 1.143 1.136 1.078 0.883 0.917 0.920 1.065 1.055
Azerbaijan AZE 0.812 0.817 0.948 0.939 0.775 0.772 0.949 0.934 0.830 0.798 0.780 1.261 1.187 1.154 1.078 1.089
Belgium BEL 0.841 0.874 0.891 0.904 0.915 0.924 0.952 0.974 0.971 0.980 0.954 0.893 0.947 0.958 0.951 0.952
Bulgaria BGR 0.731 0.770 0.755 0.777 0.797 0.837 0.820 0.863 0.883 0.856 0.814 0.816 0.805 0.797 0.849 0.852
Bosnia and Herzegovina BIH 0.948 0.931 0.913 0.904 0.920 0.918 0.885 0.864 0.885 1.032 0.915 0.849 0.852 0.869 0.851 0.839
Belarus BLR 0.752 0.787 0.835 0.849 0.852 0.847 0.857 0.848 0.832 0.827 0.560 0.845 0.843 0.845 0.815 0.811
Switzerland CHE 1.072 1.070 1.073 1.053 1.043 1.045 1.042 1.036 0.991 0.998 0.972 0.758 0.753 0.778 0.998 0.994
Cyprus Ccyp 0.493 0.491 0.493 0.784 0.806 0.572 0.662 0.912 0.508 0.892 0.862 0.949 1.022 1.059 0.906 0.911
Czech Republic CZE 0.820 0.822 0.828 0.833 0.853 0.864 0.890 0.888 0.878 0.882 0.854 0.708 0.713 0.722 0.819 0.813
Germany DEU 0.944 0.968 0.991 0.962 0.965 0.959 0.979 0.976 0.960 0.966 0.923 0.776 0.806 0.820 0.939 0.937
Denmark DNK 1.273 1.247 1.254 1.226 1.204 1.206 1.229 1.239 1.219 1.220 1.208 1.102 1.141 1.148 1.242 1.243
Spain ESP 0.968 0.983 0.993 0.997 1.014 1.020 1.029 1.019 1.016 1.011 0.986 0.914 0.975 0.990 0.992 0.991
Estonia EST 1.010 1.030 1.022 1.026 1.120 1.134 1.140 1.143 1.087 1.095 1.126 1.024 1.099 1.121 1.140 1.147
Finland FIN 1.279 1.266 1.263 1.263 1.233 1.226 1.239 1.258 1.254 1.245 1.193 1.056 1.108 1.104 1.163 1.155
France FRA 0.953 0.956 0.969 0.972 0.959 0.957 0.955 0.956 0.951 0.953 0.942 0.778 0.785 0.795 0.867 0.858
United Kingdom GBR 0.818 0.829 0.848 0.878 0.883 0.886 0.903 0.905 0.923 0.950 0.964 0.931 0.970 0.986 0.953 0.956
Georgia GEO 1.030 1.024 1.044 1.029 1.008 1.002 0.962 0.930 0.967 0.968 1.014 0.848 0.804 0.711 0.903 0.891
Greece GRC 0.967 0.992 0.987 0.987 1.006 1.006 1.024 1.064 1.034 1.021 1.039 1.133 1.161 1.162 1.083 1.086
Croatia HRV 1.000 1.006 0.993 0.994 0.991 1.008 1.004 1.020 1.034 1.042 1.093 1.021 1.022 1.018 0.999 0.996
Hungary HUN 0.828 0.824 0.838 0.849 0.865 0.886 0.891 0.892 0.890 0.880 0.867 0.746 0.762 0.777 0.853 0.852
Ireland IRL 0.883 0.891 0.900 0.898 0.897 0.899 0.925 0.916 0.895 0.911 0.877 0.702 0.761 0.763 0.916 0.917
Iceland ISL 1.428 1.501 1.509 1.471 1.440 1.407 1.484 1.475 1.190 1171 1.121 0.830 0.840 0.889 1.264 1.258
Italy ITA 1.010 1.023 1.039 1.047 1.038 1.041 1.028 1.042 1.041 1.038 1.030 0.910 0.925 0.927 1.014 1.013
Kazakhstan KAZ 0.726 0.750 0.740 0.745 0.755 0.736 0.753 0.599 0.596 0.611 0.568 0.881 0.894 0.876 0.732 0.720
Lithuania LTU 0.864 0.912 0.935 0.950 0.954 1.067 1.092 1.089 1.101 1.097 1.143 1.103 1.087 1.088 1.123 1.129
Luxembourg LUX 0.875 0.894 0.957 0.936 0.923 0.896 0.888 0.890 0.906 0.925 0.884 0.446 0.485 0.493 0.828 0.816
Latvia LVA 1.129 1.097 1.082 1.053 1.071 1.038 1.094 1.125 1.124 1.149 1.125 1.016 0.971 0.964 1.076 1.077
Moldova MDA 0.698 0.721 0.710 0.713 0.715 0.763 0.821 0.794 0.657 0.696 0.466 0.403 0.376 0.361 0.541 0.483
North Macedonia MKD 0.909 0.917 0.894 0.898 0.867 0.912 0.726 0.735 0.744 0.791 0.770 0.644 0.636 0.643 0.738 0.726
Malta MLT 0.905 0.909 0.926 0.885 0.861 0.611 0.732 0.769 0.783 0.861 0.968 1.108 1.150 1.099 0.950 0.941
Montenegro MNE 1.104 1.001 1.036 1.034 1.074 1.092 1.073 1.070 1.111 1.074 1.174 1.220 1.116 1.223 1.152 1.157
Netherlands NLD 0.966 0.982 0.987 0.985 0.978 0.953 0.977 0.967 0.960 0.946 0.903 0.936 0.986 0.988 0.960 0.959
Norway NOR 1.414 1.397 1.397 1.346 1.320 1.303 1.339 1.324 1.290 1.279 1.280 1.510 1.577 1.548 1.385 1.380
Poland POL 0.899 0.906 0.909 0.923 0.924 0.934 0.952 0.954 0.939 0.937 0.919 0.827 0.822 0.815 0.918 0.915
Portugal PRT 1.104 1.147 1.156 1.141 1.146 1.155 1.148 1117 1.123 1.110 1.103 1.051 1.063 1.048 1.065 1.060
Romania ROU 0.835 0.808 0.862 0.849 0.821 0.902 0.919 0.923 0.952 0.977 1.028 0.867 0.836 0.839 0.894 0.889
Russian Federation RUS 0.777 0.784 0.790 0.761 0.751 0.743 0.739 0.736 0.733 0.720 0.648 1.009 1.014 1.006 0.850 0.850
Serbia SRB 0.905 0.877 0.869 0.929 0.948 0.935 0.932 0.750 0.773 0.786 0.661 0.874 0.854 0.845 0.784 0.771
Slovak republic SVK 0.801 0.873 0.902 0.890 0.917 0.914 0.949 0.906 0.917 0.937 0.884 0.761 0.782 0.768 0.902 0.903
Slovenia SVN 0.930 0.937 0.920 0.946 0.956 0.954 0.968 0.972 0.982 0.984 0.947 0.856 0.871 0.876 0.905 0.900
Sweden SWE 1.309 1.326 1.334 1.316 1.322 1.292 1.288 1.309 1.290 1.298 1.298 1.114 1.157 1.165 1.234 1.229
Turkey TUR 0.852 0.856 0.864 0.877 0.860 0.872 0.867 0.859 0.854 0.831 0.858 0.708 0.689 0.653 0.748 0.734
Ukraine UKR 0.533 0.555 0.615 0.622 0.596 0.594 0.597 0.600 0.621 0.610 0.432 0.435 0.446 0.448 0.521 0.516

* Calculated by forecast data.
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