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Abstract

The aim of the article is to present a practical and methodological approach 
to assessing the energy security of European countries, with particular focus 
on states with coal-dependent energy systems and on finding balance between 
ensuring energy security, diversification of energy resources and environmental 
protection. As energy security means technically reliable, stable, cost-effective 
and environmentally balanced supply of energy resources to satisfy the needs 
of the economy and the population, the author proposes an indicator that takes 
into consideration different components, and can be a helpful tool in designing 
energy policies. The article also discusses using the energy potential of closed 
coal mines.
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In the 21st century a main goal for any country (apart from preserving territorial 
integrity and state independence) is economic and energy security and stability. 
The purpose of this article is to develop methodological and practical approaches 
to assessing the energy reliability of European Union countries with regard to 
coal mining. It is thus necessary to develop indicators of energy reliability that 
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are coefficients characterizing the availability of state’s own energy resources 
and its economic situation as well as the reliability of its energy-consuming in-
frastructure (Commission of the European Communities, 2006).

1.  Literature overview

Considering modern concepts of energy security, it should be emphasized 
that ensuring it is the duty not only of the fuel and energy complex, but also of 
the state itself. Kozachenko, Trifonova, and Heywood argue in their works that 
limiting the demand for primary energy resources through introducing energy-
saving policies can lead to chaos on the energy market. According to Astakhov, 
Dikolenko, and Kharchenko, industrial production is subject to a certain energy 
rhythm, due to the relationship between the gross domestic product and the vol-
ume of consumed products. This relationship in the long run is non-linear and 
forms under the influence of the laws governing the development of an industrial 
society. As a result, a simple extrapolation of a country’s energy needs, based on 
specific trends, usually produces false results. This, incidentally, is evidenced by 
the fate of the forecasts developed on the eve of the energy crisis of 1973–1974. 
Meanwhile, Bravar, Morgan, Melnik, and Stenbacka call for a more in-depth 
study of the factors that shape and ensure the economic and energy reliability of 
countries in the 21st century.

Available literature offers numerous analyses of the condition of energy 
systems in European countries. Although this research has significantly con-
tributed to the development of theoretical and practical foundations of energy 
independence, a number of tasks of conceptual and methodological nature have 
not been fully resolved yet. A particularly important one involves formulating 
the guidelines for managing the sustainable functioning of elements of energy 
systems in European countries (especially coal mining) including methodologi-
cal provisions for assessing the level of sustainability of their functioning and for 
improving the energy stability management system. In addition, an appropriate 
quantitative assessment mechanism is also needed to ensure that decision-mak-
ers are able to achieve a balanced relationship between the sustainability level 
of the country’s energy sector and the costs of diversifying the corresponding 
industries.

The primary factor in energy security is the limited amount of natural re-
sources on the planet, and the varying degree to which they are accessible to 
individual states. As a result, there is a constant threat of intensification of 
the economic and political struggle for the use of these resources. The global 
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competition of individual producers in the world market tends to develop into 
competition of state economies – e.g. when areas of national interests are de-
clared. Raw materials have been, remain and will continue to be the most im-
portant tool of political and military pressure. For its own economic security, 
a state must constantly implement legal, economic and administrative measures 
aimed at protecting its national interests, while relying on a long-term strategy. 
Global strategic goals are achieved by pursuing economic policy and, above all, 
by implementing various targeted programs based on scenarios of the develop-
ments likely to occur in all state and social spheres.

2.	Methodology and determinants of the energy security 		
	 assessment of European countries

The study aims to analyze the directions in which environmental standards are 
evolving and the priority given to them; it also focuses on the effective territorial 
distribution of industries, forecasting the consequences of economic activity and 
other measures that will further determine the conditions for conducting busi-
ness activities of individual enterprises. It is noted that one of the major short-
comings of economic activity is decision-makers’ inability or unwillingness to 
foresee the long-term consequences of the impact these factors have on nature.

Elimination of these shortcomings should improve the economic policy 
of environmental management. Thus, a comprehensive mechanism would be 
formed for influencing the nature users’ economy in order to generate motiva-
tion for rational nature management with the following options of administra-
tive regulation: permission, restriction, and ban.

The indicated characteristics of rational environmental management policy 
are very relevant for ensuring sustainable development of a society; however, 
most of influence instruments are directed at enterprises, which are defined as 
direct nature users (consume a natural resource) and at the same time are envi-
ronmental polluters. If they fail to take measures to prevent damage to the en-
vironment, they should bear full responsibility for ecological and economic ef-
ficiency of their operations.

Every country constitutes a system, which at any given moment has certain re-
serves. These reserves can be divided into technological and organizational ones, 
which in many cases are quite substantial. Reserves of a country are, first of all, 
reserves of infrastructure. Barring accidents and emergency situations, there are 
practically no cases when individual production systems within state economy 
fail. A similar analysis can be made for any other area (such as transport, heavy 
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industry etc.) and it will lead to the same result, but the negative impact of run-
ning out of reserves may not be as direct as in the case of energy reliability, and 
restoration of the reserve will be less complicated and not so capital-consuming.

It is methodologically obvious that the state of the country’s reserves, espe-
cially with regard to the main production processes, directly affects the energy 
consumption. This requires, first of all, an objective solution to the most complex 
and most important issue, namely: which category should be assigned to each 
European country in terms of their natural energy resources. There have been 
numerous attempts to resolve this issue in a variety of ways – a difficult task as 
a country is a complex system shaped by extremely diverse internal and external 
factors, which objectively complicates the use of any methodologically universal 
single indicator to characterize energy dependence.

The external factors include the general state of the country’s economy, in-
cluding its fuel and energy complex, while the internal ones mean the country’s 
macroeconomic indicators describing its economic activity. The combination 
of these conditions for a certain period of time determines the state’s level of 
independence. A natural desire to characterize the relative state of a country by 
several quantitative criteria should add an objective character to such assess-
ment. The dual nature of the country as a system that is both technological and 
economic leads to the conclusion that the indicator assessing energy dependence 
should generalize its dual nature. For this purpose, the author proposes to use 
the indicator Sc, which will be explained later in more detail.

The methodological foundations of the study are a systematic approach to 
the analysis of energy security of the European countries that have coal industry. 
To solve the problems indicated in the article, analytical methods and methods 
of structural-comparative analysis were used.

3.	 Assessment of the energy security of European countries 		
	 with regard to their fuel balance

Each state today seeks to maintain its economic and energy security. In the period 
of 1970–1980, the countries of Western Europe experienced the energy crisis and 
energy price spikes of such magnitude that they had profound economic conse-
quences. After 1989, the countries of Eastern Europe suffered from the volatility 
of energy markets. By 2020, due to a sharp change in oil prices, the dependence 
of European countries on imports of oil and gas has decreased. Typically, gas 
consumers in Europe bought fuel on the basis of long-term contracts. However, 
at present, the decrease in dependence on Russian gas and oil, the supply of 
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American liquefied gas and gas from Norway significantly stabilizes the energy 
market in Western Europe. The 2006 predictions stated that total imports to 
Western Europe would increase from 35% of natural gas consumption to 45% by 
2020, even taking into account the expected significant expansion of gas produc-
tion by Norway. The dependence of the CEE countries (with the exception of 
the Russian Federation) on imports would increase by 2020 from approximately 
65 to 85% (Commission of the European Communities, 2006).

The energy supply of European countries is constantly decreasing due to 
the active policy of closing coal enterprises. Yet at the same time the share of 
alternative energy sources is growing. In terms of supply of their own natural 
fuel and energy resources (FER), all countries can be conditionally divided into 
rich, medium and poor, which does not directly translate into the level of their 
financial and economic well-being. The overwhelming majority of the world 
countries belong to the middle tier of this classification. The countries repre-
sentative of this class are Germany, Poland, Sweden, Finland, France, etc., but 
they also include Ukraine, which now has about 46% of its own primary FER. 
The countries richest in raw FER (USA, UK, Russia, Canada, Norway, oil-
producing countries of the Middle East, Turkmenistan, etc.) supply more than 
70% of their own demand. Almost all of these countries are energy exporters. 
Production in countries poor in raw FER (Japan, Italy, Switzerland, Hungary, 
the Netherlands, etc.) covers less than 30% of their needs, so they are forced to 
import a significant amount of energy resources (Commission of the European 
Communities, 2006).

The national-level methods of planning the optimization of the fuel and en-
ergy complex (FEC) and development of energy security and its sectors cannot 
reflect the complexity and diversity of local conditions, which have fundamen-
tal importance for sub-national regions of power industry – it is the latter that 
should ensure interconnected and balanced development of the processes of 
exploration, production, processing, transportation, storage and consumption 
of FER in the country. Therefore, complex regional problems are one of the most 
important subclasses of the system research in the energy sector. The key ob-
jective is planning the optimal development of regional FECs. This task is par-
ticularly important in the case of EU countries, which have highly-developed 
industry and agriculture but insufficient fuel and energy resources. A decrease 
in the country’s self-sufficiency in one of these resources leads to the need for 
a tighter energy-saving policy. With regard to the country’s FEC, the planning 
must involve coordinating the development of the energy base with the develop-
ment of productive forces. At the same time, it is necessary to satisfy as fully as 



32    I r yna Pavlenko

possible the needs for various types of fuel and energy resources of industry, 
agriculture, transport, housing and communal services. The country’s FEC is 
a diversified system, and therefore its regional planning involves matching de-
velopment plans for industry branches to the specifics of the country’s fuel and 
energy base and the local consumption of FERs (Astakhov et al., 2009, p. 323).

Considering the changes on energy supply trends in European countries, 
it is advisable to consider the level of energy security of the states depending 
on coal mining, which used to be the basis of the fuel and energy complex of 
most European countries. However, due to global warming and drastic climate 
change, in recent decades coal has been gradually giving way to newly developed 
alternative energy sources. In terms of energy security, coal as a fuel is not safe 
enough. It is one of the causes of environmental pollution. Also, work in a coal 
mine is dangerous, harmful to health, and from a social point of view, these 
are early pensions, benefits for injuries, rehabilitation, regressions, etc. Currently 
coal industry does not attract investors, yet without this it is impossible to en-
sure an appropriate level of energy security. Across Europe, mines in difficult 
geological formations are being closed. e.g. Recently it happened to the last mine 
in the Ruhr basin in Germany; France, Belgium and the Netherlands closed 
their mines more than 20 years ago; in the UK the process of closing mines 
is also almost complete. Coal in Europe is still mined in Poland, Russia, and 
(in relatively small quantities) in the Czech Republic. Moreover, the Polish Sile-
sian basin offers no great prospects and the production is constantly decreasing 
(Commission of the European Communities, 2006). However, there are still sig-
nificant coal reserves in the world, and supply sources are diversified. Deliveries 
are made from politically stable regions. Worldwide, coal delivery infrastructure 
is well developed; coal can be stored, and new deliveries can be easily organized 
(Aland, 2013).

The experience of the first and second oil crisis demonstrated that coal prices 
were less responsive to the rise in oil prices than natural gas. However, even with 
the closure of mines, the consequences of their past activities will continue for 
years to adversely affect the natural environment and the population safety in 
the surrounding areas (Raichel & Pavlenko, 2006, pp. 1175–1179). If the mine is 
to have minimal impact on the environment, the effectiveness of managing its 
productive flows should be monitored, taking into consideration the following 
factors (C + R + G + W) – coal, rock, gas and water. Environmental efficiency 
means maintaining such balance between all factors of production (material, fi-
nancial, human and others), which gives the highest degree of the consideration 
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of environmental factor in the extraction and coal processing (F) (Mamaikin 
et al., 2018, pр. 115–118)

	 	 	  F = C + R + G + W → min	 (1)

Since all terms are positive in this equation, minimizing the sum means 
minimizing each of them. Minimizing the C is equivalent to reducing the ash 
content in coal and damage from undermining to the minimum acceptable 
value. Minimization of R means leaving the maximum possible mount of rock 
in the mine and minimization of surface contamination with coal mining waste. 
If none of the rock is moved to the surface, R assumes its minimum value of zero. 
Minimization of G means decrease in methane emissions into the atmosphere, 
and minimization of W means decrease in the volume of highly mineralized 
mine water discharged into the environment (Hellmer & Wárell, 2009, pp. 235– 
241). All of the components of the above equation cause irreparable damage to 
the environment, which is contrary to the main trends in the EU’s environmen-
tal development. The pattern presented above is very important in assessing 
the level of diversification of energy supplies (Kozachenko et al., 2003, p. 280).

Thus in the global competitive market for fuel resources, in terms of use coal 
certainly still occupies one of the first places. This situation is mainly due to its 
relatively low prices (compared with the prices of oil and natural gas). The sta-
bility of coal prices, its large deposits, and the possibility of import deliveries 
from many stable sources also have a significant effect as they ensure reliable 
functioning of power plants and other consumers who use coal as an energy 
carrier (Bakanov, 2015, pp. 160–167).

From the point of view of ecology and pricing environment, most countries 
of the European Union, proceeding from the interests of energy and national 
security, have transformed their fuel balances in the direction of some of the im-
ported energy carriers – natural gas and oil products, as gas fuel is environmen-
tally friendly and readily used.

Considering the future role of coal as an energy carrier in the energy supply 
of European countries, it is important to assess the main factors determining 
the above trends in global energy consumption. Almost every energy carrier 
has its technological niche, where it is used as the major or only fuel. Typical 
examples are petroleum products used in aviation, automobiles, and agricul-
tural and military equipment; coke in the iron and steel industry; natural gas 
in everyday life and so on. These niches differ significantly in their capacity. In 
terms of consumption, the largest is the “oil niche”: following its appearance 
in the 1930s, there was a rapid, almost 12-fold increase in the consumption of 
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petroleum products from 450 million tons of fuel equivalent in 1940 to 5500 
million tons of fuel equivalent in 2019. In a merely 30-year interval, oil share 
in the global energy balance grew from 14% in 1940 to 67% in 2018 (a 5-fold 
increase). For all other energy carriers, niches where there are no alternatives 
for that carrier (or where its use clearly prevails) are much smaller. Therefore, 
despite the existence of these areas of predominant consumption of a specific 
energy source, most of the markets for particular energy carriers are competi-
tive. In this regard, the most characteristic areas are the production of electricity 
and heat, where – due to modern technologies – all energy resources without 
exception can be successfully used (Bravard & Morgan, 2007, p. 235).

These are the main factors that have led to the current proportions in the fuel 
balances of European countries, where one energy resource (natural gas), 75% of 
which is imported exclusively from the territory of one country (Russia), ranks 
first in terms of consumption (45% of the total consumption of primary fuel and 
energy resources). In addition to their general economic potential, EU countries 
have a replacement reserve in the form of a “cold reserve”, which is taken into 
service in case of failure of the main infrastructure (Brodsky, 2013, pp. 4–17). 
The state reserve is a sum of the reserve capacity and production capacity of its 
industrial and other units.

4.  Energy security indicator

According to the definition of the “energy security”, it is a combination of 
technological and economic components. In the modern understanding of this 
definition, it means achieving a technically reliable, stable, cost-effective and 
environmentally balanced supply of energy resources to satisfy the needs of 
the economy and the population; it also means creating conditions for the for-
mation and implementation of a policy to protect national interests in the energy 
sector (Borisov & Cheplyansky, 2015, pp. 115–117).

In this study, the author has developed and proposes a country energy security 
indicator (Sc), which consists of 3 elements. The first is an indicator of the tech-
nological reliability of industries requiring energy resources (E). The second is 
an indicator of the country’s economic level (Ke). The third is an indicator of 
the availability of mineral resources (Kg) (Table 1). The table is structured as 
follows: in each column, a suboptimal value of the parameter is selected, which is 
correlated with indicators for other countries. The resulting quotients are sum-
marized in the energy security level column.
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Table 1.  Energy security assessment of selected European countries

Countries

Non-Renewable 
Energy Stocks 

Per Capita 
Dollars

GDP per 
capita in 
dollars

Energy 
consumption
KWh / person

Indices Energy 
security 
indicator

Sc
Е Кe Кg

Russia 121580 28797 6430 0.55 0.77 1.000 2.32

Germany 240 52386 7215 1.00 0.86 0.01 1.87

France 200 45893 7728 0.87 0.92 0.01 1.80

Great Britain 5832 45741 5733 0.87 0.68 0.04 1.59

Ukraine 6536 9287 3549 0.17 0.42 0.05 0.64

Poland 1005 32005 3783 0.61 0.45 0.01 1.07

Belgium 110 48327 8387 0.92 1.00 0.01 1.93

Czech 320 37340 6321 0.71 0.75 0.01 1.47

Spain 100 40172 6154 0.76 0.73 0.01 1.5

Source: GDP based on purchasing-power-parity (PPP) per capita 2019.
http://www.iea.org/statistics/

Three countries with the highest level of energy security were identified – 
Russia, the UK and Belgium (Melnik et al., 2008, pp. 63–72). Russia was selected 
on the account of its natural resources, while Great Britain and Belgium – due 
to their domestic economic potential. It should be borne in mind that Europe is 
forced to import almost all energy resources.

The sufficiency level of primary energy sources owned by a state describes 
the possibility and expediency of covering domestic energy consumption 
through additional supplies from outside the country, and the ability of national 
production structures to efficiently operate complex energy systems. The choice 
of this integrated indicator is explained by the fact that a high level of eco-
nomic development as well as literacy and education of the population makes 
it possible to compensate for the lack of their own energy sources and ensure 
the efficient operation of complex energy production (Raichel & Pavlenko, 2006, 
pp. 1175–1179).

Since the indicator of energy reliability consists of three components, what 
should their relation be: the sum, the product, or yet another connection? In 
the author’s opinion, summation of the three components will be legitimate for 
several reasons. These two indicators have different physical meanings, but are 
characterized by mutual influence, so the author proposes to summarize them. 
To illustrate the case, the group of main coal-mining European countries was 
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analyzed, and adding up the values of the constituent indices is sufficient to as-
sess the level of their energy independence (Table 1).

5.	Diversification of energy supplies through the use of man-made 	
	 waste from mines

The concentration of monopoly power in the production and circulation of 
goods in different industries varies. Depending on the level of competition de-
velopment in the market, the degree of concentration of firms in this market is 
determined in different ways. In the energy market, the predicted behavior of 
monopoly firms is determined with the use of the Herfindahl-Hirschman index 
(IHН) (Borisov, 2015, pp. 1168–1169, 1171). To calculate it, data on the specific 
weight of the enterprise’s products in the industry is used. It is assumed that 
the greater the share of the company’s products in the industry, the greater 
the potential for the emergence of a monopoly. When calculating the index, 
all enterprises are ranked by their comparative importance from the largest to 
the smallest. The index is the sum of the squares of each company’s shares in 
the market for this product, arranged in descending order.

	  		  (1)

What follows from the property of this indicator is that the larger the index, 
the greater the diversification level of specific energy consumption structures 
(Bardas, 2011, p. 399). If one type of primary energy is used in the country’s 
energy balance, then the formula gives a value of zero. In the case when the frac-
tions of several types of energy used are the same, the formula gives a value equal 
to 1-1/n. With regard to the group of coal-mining countries of the European 
Union and in accordance with the approach reflected in equation (1), the follow-
ing should be noted: the EU has approved a program to phase out coal mining 
and combustion in the EU. As each closed mine has a reserve in energy resources 
(warm water, gas, coal waste), powerful structures for distribution of heat supply 
to the population are needed (Heywood, 2004, p. 176).

Mamaykin (2012, pp. 115–118) proposes a system of indicators for assess-
ing the effectiveness of outsourcing for the production of diversified products 
– energy from the use of mine water in heat pumps, electricity from methane 
combustion, the volume of gasification of residential areas, as shown in Fig. 1.

I HH = S1 + S2 + S3 + … + Sn  ,
2 2 2 2
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Fig. 1.  Diversified production structure post-mining

Source: author’s own study.
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Conclusions

Europe started to look for diversification options a long time ago, which involved 
gaining access to oil and gas fields. While the EU is working to implement plans 
of building oil and gas pipelines, Russia remains an important energy supplier. 
At the same time, diversification processes on the part of the EU are intensifying, 
which will remove Russia from its monopolistic position on the energy market. 
The cooperation is aimed at a mutually beneficial exchange, the consolidation 
of the common interests of Russia and the EU in the energy sector, and it con-
tributes to the practical development of a common European economic space. 
Improving the energy supply reliability and, consequently, the energy security 
of Europe was ensured by changing the geography of supplies. For the European 
Union today, it is important to create new infrastructure capacities, as well as to 
search, develop and implement new alternative energy sources.

The article has focused on a group of countries producing coal and assessed 
the level of their energy independence. This level can affect the volume of energy 
supplies through the diversification of new sources of heat energy – e.g. from 
industrial waste. Such diversification will help strengthen and stabilize the do-
mestic economic and environmental situation.
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Although the shift to a low-carbon economy offers many opportunities, 
the economic and social consequences in many coal regions should not be ig-
nored. This is a problem especially for coal producing regions when their na-
tional economies are in transition. The current EU environmental policy has 
accelerated the process of crowding out uncompetitive and inefficient European 
coal producers by terminating EU approval of the national government subsidies 
which support them. Nevertheless, the research suggests that efforts should be 
made to investigate if a trans-European group of coal-mining countries could 
unite in the short term in an environmentally friendly manner to keep coal as 
a fuel source.
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