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Abstract: The main objective of this article was to evaluate the repercussions of the crises resulting
from the COVID-19 pandemic and the war in Ukraine on changes in the European Union's reliance
on energy raw material imports, particularly from Russia. Furthermore, several specific objectives
were outlined: to ascertain the EU's energy balance and any alterations therein, to identify changes
in the concentration of energy raw material imports among EU countries during the crises, to
determine the level and fluctuations in energy raw material import dependence within the EU and
individual member states throughout the crises, and lastly, to assess changes in the concentration
of energy raw material imports from Russia in EU countries during the crises. The research
encompassed all 27 EU Member States as of 31st December 2022, and the examination period
spanned from 2010 to 2022. The information sources included relevant literature on the subject and
data sourced from Eurostat. In conducting the analysis and presenting the data, several
methodologies were employed, including descriptive, tabular, and graphical techniques.
Additionally, quantitative measures such as the Gini structure concentration coefficient and
concentration analysis through the Lorenz curve were utilized. During the COVID-19 pandemic,
the EU experienced a slight reduction in dependence on energy raw material imports. However,
this reduction was short-lived and mainly attributed to the decrease in energy demand caused by
the pandemic. Conversely, the war in Ukraine had a substantial impact, leading to a notable surge
in energy raw material imports as a result of stockpiling efforts and the need to safeguard against
further disruptions in the energy market. Notably, the EU's reliance on energy imports from Russia
was already considerable. Following the outbreak of the conflict in Ukraine, imports of oil,
petroleum products, and solid fossil fuels experienced significant decline due to imposed sanctions.
Nonetheless, restrictions on natural gas imports were comparatively less severe.

Keywords: energy security; EU energy policy; energy balance; COVID-19 pandemic; war in
Ukraine; imports of natural gas; imports of oil and petroleum products

1. Introduction

The European Union (EU) comprises a multitude of countries, each characterized by significant
diversity, including variations in the sources of energy they rely upon. Given the paramount
importance of energy, serving as a prerequisite for all economic and societal activities, it becomes
imperative to mitigate crises in the energy sector [1-3]. To achieve this, one must emphasize the
significance of diversifying energy sources and suppliers, alongside fostering self-sufficiency in
energy production [4-6]. Such efforts become particularly critical in circumstances where energy
resource shortages are prevalent.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Addressing energy shortages necessitates enhancing energy productivity, a course of action
diligently pursued by EU member states [7]. By striving to improve energy productivity, the EU seeks
to optimize energy consumption while maximizing output, thereby efficiently utilizing available
energy resources.

1.1 The Magnitude and Causes of the Shortage of Energy Raw Materials in the EU

Rokicki and Perkowska [8] stated in their study that energy security, in the simplest sense, means
the stability of supply and diversification of energy sources. The EU produces an insufficient amount
of energy resources to meet its reported energy needs. Additionally, there are disparities between
countries in the pace of the energy transition towards renewable energy sources [9]. Over the last
decade or so, the energy deficit has been just over 50%, and this proportion of energy has had to be
imported to fulfill the economy's and society's requirements. Within the EU, the primary energy
sources were o0il and natural gas. Oil imports into the EU accounted for approximately 60% of total
energy imports, while 25% went to natural gas, and 7% to solid fuels [8]. This structure is based on
production capacity and reported needs. Oil is essential for transportation, yet European countries
do not possess significant oil reserves [10]. Consequently, efforts are being made to develop
electromobility [11]. Natural gas also serves as a fairly important and convenient energy source,
resulting in significant imports. However, there exists considerable variation across EU countries in
terms of the energy balance and the energy sources employed [12]. In general, EU countries lack
sufficient local energy resources to sustain their economies and societies, making energy resource
and energy imports from abroad a necessity [13].

1.2 Problems in the Diversification of Energy Supply Sources in the EU

Regarding imports, the diversification of supply sources should play a crucial role. Several EU
countries have become heavily reliant on energy raw materials supplied by Russia, facilitated
through signed contracts and infrastructure construction for transportation of these raw materials
[14]. An example of such infrastructure is Nord Stream and its second line. This investment faced
opposition from many Central and Eastern European countries, expressing concerns that it would
deepen their dependence on Russia [15]. Instances have indicated that such dependence could be
exploited by Russia for political leverage, potentially dividing EU countries by offering preferential
rates to some while imposing high prices on others [16]. History has shown that these fears were well-
founded [17]. Crises caused by the COVID-19 pandemic, along with the war in Ukraine, led to an
energy crisis that necessitated a revaluation of the EU's energy policy and that of its individual
member states [18].

The EU's energy security faces threats due to increasing geopolitical risks on the producer side,
fluctuations in energy prices, supply problems, and disruptions from major suppliers due to political
disagreements (energy blackmail), as well as environmental concerns related to the use of non-
renewable energy sources with adverse impacts on the environment [19]. As far back as 2009, Luft
and Korin [20] highlighted that European energy security was endangered due to dependence on
imported energy resources and limited domestic production compared to other regions. Helena [21]
also underscored the critical issue of dependence on a limited number of energy resource suppliers,
especially Russia, in 2010. Stulberg [22] emphasizes the necessity of measures to strengthen the
integration of the internal energy market and improve energy efficiency, while Burns [23] identified
the most significant approach to reducing dependence on energy raw material imports: increasing
the prominence of renewable energy sources.

Leal-Arcas et al. [24] suggested that European energy policy should prioritize the diversification
of energy sources, which becomes particularly crucial given that over 50% of the energy consumed
in the EU is imported. Moreover, this dependence has grown in the past two decades [25]. Individual
EU countries exhibit varying degrees of reliance on external energy carriers. For instance, Sweden,
Belgium, and Portugal heavily depend on natural gas [26]. Nonetheless, most EU countries are to
some extent dependent on external energy sources. These sources can be categorized into secure
sources, such as those from Norway, and those that carry more uncertainty, like those from Russia,
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Algeria, Central Asia, and the Persian Gulf. Russia, in particular, serves as a significant source of
dependency, being the origin of imported natural gas, solid fuels, and oil [27]. Eastern European
countries, especially those relying on energy imports from Russia, face a higher risk of over-reliance.
Lithuania, Estonia, and Finland are examples of countries with limited connections to other energy
exporters. Conversely, Denmark and the Netherlands demonstrate the greatest diversification of
energy supplies, which directly contributes to their energy security [28]. It is crucial to acknowledge
that the implications of the EU's energy dependence extend beyond energy security, affecting the
overall strength of European foreign policy. Consequently, many European countries avoid engaging
in sharp political disputes with Russia to safeguard their energy supply [29,30]. This underscores the
importance of diversifying the EU's energy supply routes and sources, fostering regional cooperation,
and developing an integrated internal energy market supported by well-established energy
infrastructure [31,32].

1.3 Changes in EU Energy Policy and Its Adaptation to the Crisis Situation

Indeed, it appears crucial for the EU to adapt its energy policy to current needs. The existing
energy policy of the EU is built on three pillars: competition, security of supply, and sustainability.
However, during a crisis, ensuring security of supply becomes paramount, allowing for a more
flexible approach towards reducing greenhouse gas emissions. The primary focus should be on
ensuring energy security, and in times of crisis, increasing energy production from renewable sources
becomes an essential alternative to relying heavily on non-renewable energy imports. Enhancing
energy efficiency also becomes increasingly crucial [33-35]. However, it is vital to keep in mind that
such measures require time and substantial investments.

Crisis energy policy should also prioritize the development of a more sustainable energy sector
to prevent future crises [36-38]. The EU has been pursuing an energy policy for many years that aims
to achieve independence from external energy sources. However, achieving complete independence
seems unlikely. For example, in the 2010 strategy documents, one of the goals until 2020 was to
improve energy efficiency and implement low-carbon technologies [39]. In 2015, the 'Energy Union
Strategy' defined five closely interlinked areas, including security, solidarity, and trust among EU
countries; full integration of the internal energy market; energy efficiency with reduced dependence
on energy imports; decarbonization of the economy; and research, innovation, and competitiveness
towards low-carbon energy technologies [40]. Today, it could be argued that while the energy policy
objectives were ambitious, they were not fully realized. The increasing dependence on external
energy resources has become a significant concern, and while energy imports may be convenient,
they have proven to be risky during crisis situations.

Subsequent modifications to the EU's energy policy have placed a strong focus on addressing
climate change and achieving carbon neutrality. A significant milestone was the introduction of the
'Clean Energy for All Europeans' package in 2019, which aimed to attain carbon neutrality by 2050.
The objectives set forth were both ambitious and appropriate, calling for a gradual transition away
from fossil fuels and towards cleaner energy sources, consequently leading to a reduction in energy
imports. However, it is crucial to acknowledge that the 2050 perspective may seem distant and might
not serve as a motivating factor for taking decisive action [41]. The European Green Deal is another
noteworthy action plan aimed at tackling the challenges posed by climate change and environmental
degradation. It specifically seeks to achieve zero net greenhouse gas emissions by 2050, enabling
economic growth to decouple from resource consumption. This goal is envisaged to be achieved
through enhancing energy efficiency in various sectors, including production and residential
buildings, as well as developing an energy sector based on renewable sources [42]. These assumptions
are undoubtedly ambitious and commendable. However, in the context of an ongoing energy crisis,
it becomes necessary to critically evaluate their feasibility and consider accelerating the most effective
measures to reduce dependence on energy resource imports in the most efficient manner possible.
Taking proactive and immediate steps to diversify energy sources and enhance energy security will
be essential to navigate through the energy crisis successfully.


https://doi.org/10.20944/preprints202308.0736.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2023 doi:10.20944/preprints202308.0736.v1

1.4 Impact of the COVID-19 Pandemic and the War in Ukraine on Business and Social Life

The COVID-19 pandemic had a profoundly negative impact on the global economy, primarily
due to the high level of interconnectedness and specialization in manufacturing activities. The
disruption of supply chains had a cascading effect on various interconnected industries, creating a
domino effect [43]. As a result of the pandemic, there was a significant decrease in demand for face-
to-face interaction services like hotels and restaurants, while the demand for remote services,
particularly information and communication technology (ICT) services, surged [44]. The severity of
the pandemic and the restrictions imposed by governments varied among countries, leading to
differentiated impacts [45]. The restrictions on physical goods' production affected almost all
industries, leading to a sharp decline in industrial production in the EU27 during March and April
2020, corresponding to the initial wave of the virus spread. Production values rebounded in May and
June 2020, with an increase of 13% and 10.4%, respectively, compared to the previous period. The
fluctuations in production were closely tied to the disease situation and the imposed restrictions [46].
The transportation sector also experienced significant disruptions during the early stages of the
pandemic. There was a slight increase in goods transport but a substantial decrease in passenger
transport. All transport sectors saw revenue declines, particularly in passenger transport [47]. This
situation also led to a decrease in energy demand during the pandemic, which, from an
environmental and energy import perspective, could be considered a favourable outcome. The
COVID-19 pandemic highlighted the vulnerabilities in the interconnected global economy and
underscored the importance of resilience and flexibility in supply chains and energy systems. As
countries continue to navigate through and recover from the pandemic's impacts, efforts to enhance
energy security, diversify energy sources, and promote sustainable practices will be crucial for
building a more robust and sustainable future.

The COVID-19 pandemic had a profound impact on society [48]. One of the primary challenges
was the limited access to various services, including the cancellation or postponement of major
sporting events, reduced national and international travel, service cancellations, and disruptions to
cultural, religious, and holiday celebrations [49]. These changes created stress and depression among
the population. Social distancing measures required people to stay away from peers and family
members [50]. Many public places like hotels, restaurants, places of worship, cinemas, theatres, sports
clubs, gyms, and swimming pools were closed [51,52]. Examinations were postponed, leading to the
introduction of distance learning [53]. Moreover, there were considerable health risks associated with
contracting the coronavirus, leading to limited medical services. As a result of these restrictions,
people spent more time at home, leading to increased household expenditures, including on energy
consumption. On the other hand, expenditure on transport decreased significantly due to reduced
travel and commuting. All these measures had significant consequences on energy demand, as the
pattern of energy consumption shifted in response to the pandemic-induced changes in daily life.

1.5 The Impact of the War in Ukraine in Global Terms

The open war in Ukraine that erupted on 24 February 2022 with Russia's frontal attack has deep-
rooted sources, including events like Russia's annexation of Crimea in March 2014 and ongoing
operations in Donbas and Donetsk [54]. The global impact of the conflict has been significant. In
response to the war, the international community, led by the US, the EU, and other countries,
imposed sanctions on Russia. These sanctions included export bans and import restrictions,
particularly targeting "dual-use" technologies, such as semiconductors, aviation-related goods and
services, and oil and gas extraction [55]. Additionally, there were restrictions on imports of energy
raw materials from Russia, with several countries progressively reducing or completely giving up
importing Russian fossil fuels and coal to avoid supporting the conflict. The EU introduced successive
sanctions with the aim of reducing energy resource imports from Russia to zero. In retaliation, Russia
demanded payment for energy in roubles and imposed licensing restrictions on exports. They also
unilaterally halted gas supplies to selected EU countries like Poland, Bulgaria, Finland, Latvia, and
the Netherlands [56]. The war's consequences also reverberated in many food commodity markets,
as Ukraine is a major producer and exporter of wheat, sunflower, and other food commodities [57].
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Humanitarian repercussions cannot be overlooked either. The conflict led to the migration of several
million Ukrainians to neighbouring countries such as Poland, Romania, Moldova, Hungary, and
Slovakia [58]. The war in Ukraine has had far-reaching implications on geopolitics, energy security,
and humanitarian matters. The actions taken by the international community through sanctions have
had significant economic consequences on Russia's economy and energy trade, while also impacting
global markets and supply chains.

The sanctions imposed on Russia and the shift away from Russian gas and oil have indeed led
to a surge in fuel and energy prices [59]. Countries that previously relied heavily on Russian energy
resources had to seek alternative sources, often from distant locations. However, these new energy
sources were often offered at higher prices [60]. The challenges in the energy market had a
widespread impact on various economic sectors, particularly transport and production. As oil and
gas prices rose, the costs of logistical operations increased proportionally. Consequently, the prices
of many products, especially food items, have risen [61]. The higher prices of gas and oil had
implications for both businesses and consumers, leading to increased costs and expenses.
Additionally, the war in Ukraine contributed to high inflation rates [62]. The combination of
geopolitical tensions, energy market disruptions, and rising fuel prices created a complex economic
environment that affected both the supply chain and the overall cost of living. The situation
highlights the interconnectedness of global energy markets and how geopolitical conflicts can
reverberate across various sectors and affect economies on a broader scale. It underscores the
importance of diversifying energy sources and enhancing energy security to mitigate the impacts of
such disruptions in the future.

1.6 Justification, Aims and Structure of the Article

EU energy policy is indeed cantered on the crucial goal of ensuring energy security, especially
in the context of high dependence on energy imports, accounting for more than 50% of energy
consumed. Despite efforts, this dependence has not significantly decreased over the years and has, in
some cases, even slightly increased. The particular issue of dependence on energy raw material
imports from Russia has posed both economic and political risks, as Russia has been known to utilize
energy resources for political leverage, leading to varying prices for different countries. Eastern
European countries, in particular, expressed concerns about over-dependence on Russia and
criticized the expansion of the Nord Stream gas pipeline. These factors collectively put the EU's
energy security at risk.

The crises between 2020 and 2022, including the COVID-19 pandemic and the war in Ukraine,
may have had varying impacts on energy security, potentially prompting moves towards greater
independence from energy imports. Understanding how these crises affected dependence on energy
commodity imports for the EU as a whole and specific member countries becomes crucial. Different
countries had diverse energy source structures and conditions, making comprehensive research into
this area valuable, particularly considering the global distortions in the energy market. Changes in
the global market have occurred during these crises, underscoring the significance of researching the
effects on energy import dependence in the EU.

The proposed research topic aims to address a research gap by providing comprehensive
insights into how the recent crises, the COVID-19 pandemic, and the war in Ukraine have influenced
EU countries' dependence on energy imports. By exploring these factors, the research can shed light
on potential strategies and policy measures to enhance energy security and reduce reliance on
external energy sources in the future.

The main objective of this article is to assess the impact of the crises caused by the COVID-19
pandemic and the war in Ukraine on changes in the EU's dependence on imports of energy raw
materials, particularly from Russia. The specific objectives of the article are as follows:

e Determine the energy balance for the EU and analyse developments therein.

¢  Identify changes in the concentration of energy imports in EU countries during the crises.

e  Assess the level and evolution of EU and national independence from energy imports during
the crises.
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¢  Examine changes in the concentration of energy imports from Russia in EU countries during the
crises.

To achieve these objectives, the article seeks to answer three research hypotheses:

Hypothesis 1. During the crises caused by the COVID-19 pandemic and the war in Ukraine, dependence on
energy commodity imports decreased, with a greater impact of the disruption caused by the hostilities.

Hypothesis 2. Dependence on energy imports from Russia was higher for oil and petroleum products than for
natural gas, but in both cases, it was drastically reduced after the first year following the outbreak of the war in
Ukraine.

Hypothesis 3. The war in Ukraine caused a greater shift in EU concentration in imports of energy raw
materials imported from Russia than the crisis caused by the COVID-19 pandemic.

The article aims to provide valuable insights into the effects of the COVID-19 pandemic and the
war in Ukraine on the EU's energy import dependence, with a specific focus on the role of Russia as
a major energy supplier. By exploring the research hypotheses and objectives, the article intends to
contribute to the understanding of energy security and diversification efforts in the EU during times
of crisis.

The organization of the article is as follows:

Section 1 provides an overview of the energy resource shortage in the EU, including issues
related to diversification of energy sources, changes in EU energy policy, and the impact of the crises
on the economy and social life. It also outlines the rationale and objectives of the article. Section 2
presents the methodology used to assess changes in EU countries' dependence on energy imports,
particularly from Russia. Section 3 presents the research findings related to the energy balance,
changes in energy imports' concentration, and EU and national independence from energy imports
during the crises. Section 4 references other research results that have explored the relationships
under investigation. Section 5 presents the main conclusions drawn from the research.

2. Materials and Methods

2.1 Data Collection, Processing, and Limitations

The study utilized a purposive sampling method, selecting all 27 EU Member States as of
December 31, 2022, for the survey. The UK, which was a member of the EU until January 31, 2020,
was excluded from the analyses due to the lack of detailed statistics collected by Eurostat after that
date. The study period covered the years 2010-2022, with particular emphasis on the years 2020-2022,
which were significant due to the crises caused by the COVID-19 pandemic and the war in Ukraine.

The chosen timeframe was substantively justified for several reasons. By 2010, the effects of the
2008 financial crisis, which could have influenced the results, were no longer visible. By 2019, changes
in energy imports were likely to be a result of the normal functioning of the economy. The year 2020
marked the onset of an economic crisis due to the COVID-19 pandemic, and its effects continued to
be evident in 2021. In 2022, the impact of COVID-19 on economic activities started to wane as most
restrictions were lifted. However, the ongoing war in Ukraine, which began in February 2022,
presented another crisis, the full scale of which could be assessed from February 2022 to early 2023.
The data available at the time of preparing the article included complete data up to March 2023, which
served as the cut-off date for the data collected. Different year ranges were used in various analyses,
depending on the availability of data for each specific study. In some cases, the most recent data
available was for 2021.

The research relied on the existing literature on the subject and statistical data from the Eurostat
database. The study acknowledged some limitations, particularly in the available datasets and their
level of detail. However, despite these limitations, the data obtained enabled the research to be
conducted, and conclusions were drawn based on the findings.
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2.2 Applied Methods

The research was divided into stages. Figure 1 shows a diagram of the conducted research.

Stage 1
(showing the background of the research)

¢ changes in the energy balance for the entire EU in the period before and during the
COVID-19 pandemic and the war in Ukraine

* changes in the concentration of imports of energy resources in EU countries during crises

¥

Stage 2
(identify dependence on imports of energy resources in the EU)

* dependence on imports for individual energy resources for the entire EU
» changes in dependence on energy imports in EU countries during crises

A 2

Stage 3

(identification of the EU's dependence on imports of energy resources from Russia)

e dependence of the entire EU on imports of particular groups of energy resources from
Russia

e changes in imports of particular groups of energy resources from Russia in individual EU
countries

changes in the concentration of energy imports from Russia in EU countries during crises

Figure 1. Diagram of the conducted research.

The research was conducted in three stages. The initial stage provided an energy balance
analysis for the entire EU, along with changes in individual parameters. The data covered the period
from 2010 to 2022 and was presented in Gigawatt-hours, facilitating comparison through metrics.
Both descriptive and graphical methods were employed in this stage. In the subsequent stage, the
focus shifted to examining changes in the concentration of energy commodity imports in EU
countries during crises. Descriptive methods were again used in this phase, alongside tabular and
graphical methods. To represent the structure of a community, structure indices (frequency, relative
numbers) were utilized, indicating the proportion of a specific part of the community (ni) in relation
to the entire community (}'ni). This measure ranges from 0 to 1, with the sum of all indicators for the
whole population equalling 1. Occasionally, it is valuable to identify the number of statistical units
falling below an assumed indicator level, such as 50%. In such cases, cumulative structure indicators
are determined by aggregating the indicators for successive parts of the community. Moreover, for
some variables, understanding the degree of concentration and evenness of distribution among the
units forming the community is essential. The Gini coefficient is a widely accepted measure for this
purpose, and it can be calculated using the following formula [63]:

D> Qi—n-1)xy,

n’xy

G(y)= )

where:
n -number of observations,

Vi

- value of the "i-th" observation,

7 ons e, 7=
- the average value of all observations, i.e. y =— Zyi

i=1
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The degree of concentration of a one-dimensional random variable distribution determines the

Lorenz curve [64]. With sorted observations yi, which are non-negative values ,
n

y;>0
< < <...<
O<ysy=.<y, 5 , the Lorenz curve is a polyline whose apexes (%23 , for h =

0,1,..., n, have the following coordinates:

h
h Vi
x0=20:0,xh=;,zh=’n—ll )
=1 Vi
The Gini coefficient determines the Lorenz curve area and the diagonal of a unit square

multiplied by 2.

The Gini concentration coefficients were presented at several points to determine whether there
were changes, i.e. every three years during the stabilisation period for 2010, 2013, 2016, 2019, and
every year during the crisis period for 2020, 2021.

The second stage of the research presents the EU's dependence on imports of energy raw
materials during crises. A descriptive, tabular and graphical method was used. Firstly, the
dependence for individual products for the whole of the EU from 2010 to 2022 is shown. Then, the
changes in the dependence on imports of energy raw materials in EU countries during crises are
determined. As the import dependency rate is presented in percentage terms, changes were
presented in percentage points. The energy dependency rate is measured as the share of net imports
(imports - exports) in gross domestic energy consumption (sum of energy produced and net imports).
Two periods were studied, i.e. before the crises in 2010-2019 and at the time of the crises in 2019-2021.
This snapshot will identify the actual changes in energy dependency.

In the third step, the changes in the EU's dependence on energy imports from Russia during the
COVID-19 pandemic and the war in Ukraine were determined. Descriptive, tabular and graphical
methods were used. At the outset, the dependence of the EU as a whole on imports of specific groups
of energy raw materials from Russia was determined. The data was presented on a monthly basis so
that the changes occurring could be observed. The study period was shorter than in previous
analyses, as it covered the period from January 2019 to March 2023. The following section shows the
share of imports for oil and petroleum products and natural gas by country and the changes therein.
Data for the first month of the year (January). Only for 2023 do the results refer to March. This
inclusion allows changes to be observed, as crises occurred in March 2020 (COVID-19 pandemic) and
February 2022 (war in Ukraine) respectively. The final section again examines the concentration of
energy commodity imports in EU countries during the crises, but this time in relation to imports from
Russia. The results for each year between 2019 and 2023 were compared, and this will provide an
insight into how quickly and abruptly country-by-country changes in energy imports from Russia
occurred.

3. Results

3.1 EU Primary Energy Commodity Balance

The first stage of the research presents the balance of primary energy raw materials in the EU.
When considering the total volume of all energy raw materials, it becomes evident that the period
between 2010 and 2022 remained relatively stable. The only exception was observed in 2020 when all
parameters were lower than usual due to the impact of the COVID-19 pandemic. The pandemic led
to reduced energy demand as many activities were either closed or scaled down, resulting in
decreased consumption and trade of energy resources (Figure 2). Additionally, a slight decline in the
extraction of energy feedstocks was noticed in 2022. Nevertheless, the overall situation in the EU
energy market remained relatively stable, partly due to the existing restrictions imposed on
individual countries. It's also worth mentioning the role of increasing productivity in maintaining
stability. Consequently, production, consumption, and trade in energy raw materials demonstrated
a notable level of stability throughout the period under consideration.
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Figure 2. Primary production, imports, exports and total energy supply in European Union in 2010-2022.

Among the energy commodities that necessitate imports, notable examples include diesel, gas,
and coal. Thus, it becomes imperative to analyse these commodity groups. Similar patterns to those
observed for energy commodities as a whole were noted in the case of oil (see Figure 3). The initial
year of the pandemic also resulted in lower consumption of oil, as well as reduced imports and
exports. The primary cause for this decline was the widespread lockdowns implemented in most EU
countries, compelling people to stay at home. As a result, commuting to work and school was
significantly reduced, leading to a decline in the demand for the fuel required to power cars.
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Figure 3. Energy balance for oil and petroleum products in European Union in 2010-2022.

In principle, gas followed similar patterns to other raw materials. However, there were more
fluctuations and they were more noticeable. Even before the pandemic, there were periods of
increased or decreased gas consumption (Figure 4). Nonetheless, it can be concluded that there was
a great deal of stability in this respect, and the COVID-19 pandemic had the least impact on trade and
gas consumption. A certain explanation is that gas consumption was linked to both home heating
and use for manufacturing. Industrial production during the pandemic was generally limited in the
short term. After the first waves there was an adaptation to the situation. Of course, contact between
workers was restricted, but production still took place.
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Figure 4. Energy balance for natural gas in European Union in 2010-2022.

The final significant raw material worth mentioning is solid fossil fuels, primarily coal. The EU
has been actively working towards reducing the use of coal, and therefore, declines in consumption
were already evident prior to the pandemic (Figure 5). However, in 2020, there was a substantial
reduction in the production, consumption, and trade of solid fossil fuels. The pandemic acted as an
accelerator for the downward trends that were already in motion. In the subsequent years, 2021-2022,
the declines were temporarily halted, and a slight increase was recorded. Nevertheless, the levels
remained lower than those observed in the pre-pandemic period. This trend suggests that the move
away from fossil fuels like coal is a necessity and is likely to persist. It is worth noting that subsequent
crises have demonstrated that the need to move away from fossil fuels is not always followed. For
instance, during energy crises, there have been instances of returning to coal and other readily
available energy resources.
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Figure 5. Energy balance for solid fossil fuels in European Union in 2010-2022.

In general, it is essential to highlight that imports were crucial for all major energy raw materials,
as the EU faced a deficiency in this regard. Alongside imports, there were also exports as individual
countries engaged in raw material trade. As a rule, import volumes were comparable to exports.
Given such an energy balance, formulating an effective energy policy and ensuring the security and
supply of raw materials to individual economies and the EU as a whole become of paramount
importance. This should be given priority, particularly during times of various crises. The
significance of energy is further magnified by its utilization in practically every economic activity.
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3.2 Changes in the Concentration of Energy Commodity Imports in EU Countries during Crises

The next stage of the research was to present the concentration of imports of energy raw
materials in the EU. Individual countries differ in their potential and level of economic development,
which can influence the degree of import concentration. It is important to show how the relationships
that occur have changed as a result of crises. Therefore, the results are presented at key moments
when these changes should be visible.

The Gini coefficient was used to determine the degree of concentration of imports of energy raw
materials into the European Union. The Gini coefficient calculated from the sample for total imports
of energy raw materials in 2021 was 0.612 and estimated for the population was 0.632. This indicates
a high concentration of energy raw material imports in one or a few countries. The largest needs were
reported by countries with large economies, such as Germany, France, Spain and Italy, but also by
smaller ones, such as the Netherlands and Belgium. In addition, the variation is shown by means of
a Lorenz concentration curve (Figure 6).
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Figure 6. Lorenz concentration curves for imports of energy raw materials into the EU in 2021.

Gini coefficients were calculated for EU imports of energy raw materials, considering earlier
years and the most significant energy product groups (see Table 1). Generally, a very high
concentration of EU imports of energy raw materials was observed, with the highest concentration
found in natural gas and solid fossil fuels, and the lowest in oil and petroleum products.
Concentration coefficients were assessed at a frequency of every 3 years for earlier periods and every
1 year for crisis years.
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Table 1. Estimated Gini coefficients for imports of energy raw materials in European Union in 2010-2021.

Estimated Gini coefficients in years
2010 2013 2016 2019 2020 2021
Oil and petroleum from the sample 0,628 0,623 0,612 0,606 0,601 0,611

Products Test

products estimated 0,652 0,647 0,636 0,629 0,624 0,635
Natural gas from the sample 0,704 0,708 0,719 0,690 0,683 0,687
estimated 0,731 0,735 0,747 0,717 0,710 0,714
Solid fossil fuels from the sample 0,661 0,683 0,695 0,682 0,694 0,705
estimated 0,687 0,709 0,722 0,708 0,721 0,732
Total energy from the sample 0,630 0,628 0,624 0,608 0,605 0,612
estimated 0,654 0,653 0,648 0,632 0,628 0,635

The analysis revealed that the concentration of total imports of energy raw materials had
experienced a slight decrease over time, except for a slight increase in 2021. These changes occurred
gradually and systematically, which is considered a positive development. Similar correlations were
found for oil and petroleum products. However, in the case of solid fossil fuels imports, the
concentration in several countries increased until 2016, followed by a decline, but it increased again
from 2020 onwards. Natural gas imports were also concentrated in several EU countries until 2016,
after which they started to decline. The pandemic-induced crisis caused a renewed increase in the
concentration of imports of this energy commodity.

In general, a high concentration in imports of individual energy raw material groups persisted,
and the changes were not abrupt. The impact of the pandemic-induced crisis was evident in these
trends. Typically, more developed countries attempted to build up larger stocks in preparation for
future crises, which proved to be the right approach as another crisis struck in 2022, significantly
affecting the energy sector and global energy markets.

3.3 Dependence on Imports of Energy Raw Materials in the EU during Crises

In the next step, the European Union's dependence on imports of energy raw materials was
determined. For this purpose, an energy import dependency index was calculated. For the total
volume, the indicator remained at a similar level of around 55-60%, with a slight increase visible
between 2019 and 2022. (Figure 7). Overall, the ratio was high and, in addition, not much was being
done to reduce this import dependence. It was even worse for individual groups of raw materials.
Dependence on imports of solid fossil fuels was in the range of 70-75%. It was even worse for natural
gas, where there was a very large increase in import dependency, from 70% in 2010 to 90% in 2022.
Dependence on imports of oil and petroleum products was stable, but very high at 95%. Based on the
figures, the EU was at a severe disadvantage. Such a high dependence on energy raw materials could
have been exploited by their suppliers. History shows that energy raw materials became the object of
politics and Russia's attempt to influence the EU. They have also been an element capable of dividing
the solidarity of individual EU countries, for better and for worse. Indeed, access to energy raw
materials and their prices were subject to political games.
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Figure 7. Import dependency on third countries by fuel type in European Union in 2010-2022.

During the pandemic, there was an evident increase in dependence on natural gas imports, while
solid fossil fuels experienced declines initially, followed by an increase in imports in the subsequent
year. However, in 2022, there was an overall increase in dependence on imports of energy raw
materials, with the exception of oil. This increase in dependence was primarily influenced by the
situation resulting from the war in Ukraine. Decisions to reduce the supply of energy raw materials
from Russia, taken unilaterally or bilaterally, caused significant uncertainty and prompted the need
to explore alternative sources of supply. This situation was exacerbated by the high prices of all
energy raw materials, which were a consequence of the war and Russia's actions aimed at
destabilizing the EU. To cope with such a situation, countries resorted to increasing their stocks and
hedging against potential future shortages. Consequently, many countries ordered more raw
materials than they actually needed, contributing to market distortions and affecting the overall
dynamics of energy raw material imports.

3.4 Changes in Dependence on Energy Imports in EU Countries during Crises

The European Union is made up of many diverse countries, so it is not surprising that the degree
of dependence on energy raw materials varies from country to country. For example, in 2010, the
highest dependence on imports of energy raw materials was in Lithuania (85%), Ireland (84%) and
Italy (78%), and the lowest in Estonia (14%), Slovenia (17%) and Luxembourg (22%). In 2021, the scale
of dependence on energy imports was lower. The highest dependence was in Greece 81%), again in
Lithuania (75%) and Italy (73%), while the lowest dependence was again in Luxembourg (10%),
Estonia (11%) and Slovenia (15%). Table 2 shows the scale of decreases or increases in dependence on
these imports. The unit of measurement was percentage points (p.p.). The three best (most
favourable) results are shown in blue, while the three most unfavourable results (increases in
dependence) are shown in red. Over the period 2010-2019, a reduction in dependence on energy
imports occurred in 12 countries, with the largest in Malta, by 30 percentage points. At the other
extreme was Denmark with an increase in import dependency of 16 percentage points. During the
COVID-19 pandemic crisis, there was a reduction in dependence on imports of energy raw materials
in 21 countries. The magnitude of the decreases in energy commodity imports between 2019 and 2021
was also greater than between 2010 and 2019, suggesting that the crisis may have contributed to
changes in the right direction in energy markets in EU countries.
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Table 2. Change in dependence on imports of energy raw materials in EU countries in 2010-2021.

Change in import dependency in EU countries by type of energy commodity
in years (percentage points)

Oil and petroleum
products
2010- 2019- 2010- 2019- 2010- 2019- 2010- 2019-
2019 2021 2019 2021 2019 2021 2019 2021

Countries Total Natural gas Solid fossil fuels

Belgium 4,20 -6,18 3,57 -6,47 11,39 0,32 -0,85 -4,36
Bulgaria -3,02 -5,53 3,34 -4,99 -14,27 6,29 -16,82 2,84
Bohemia 4,63 -2,76 -5,93 -5,95 12,77 -5,72 3,21 -0,19
Denmark 15,75 -6,57 27,43 -3,26 3,44 -3,39 35,07 -61,71
Germany 9,32 -0,18 -0,87 3,44 29,54 -4,92 11,41 0,67
Estonia 0,62 -3,51 6,33 1,16 -0,97 -87,56 -3,28 -27,69
Ireland -19,68 5,37 -3,88 -6,53 -42,04 18,15 -5,71 39,80
Greece 8,36 4,18 0,66 2,06 -4,11 3,75 1,56 3,42
Spain -0,28 -3,65 3,38 -3,19 -6,83 2,02 11,53 291
France -1,39 -5,70 -3,59 -5,92 10,33 -3,01 7,47 -30,60
Croatia -19,37 16,70 -21,99 15,23 -27,48 48,94 -3,84 1,22
Italy -3,26 -1,85 -3,17 -3,93 11,53 2,29 -3,44 -3,60
Cyprus -15,83 -4,95 -14,20 -4,82 0,00 0,00 34,36 -2,40
Latvia -7,29 -6,73 -16,84 -10,97 38,22 -0,03 0,30 -42,58
Lithuania -5,91 -3,56 -1,11 -0,05 0,26 0,03 2,20 -8,72
Luxembourg -6,30 -5,90 0,62 3,49 13,60 -56,12 -8,72 0,13
Hungary 1,66 -10,54 -11,49 -5,01 14,63 -20,80 6,81 -5,15
Malta -30,04 9,45 -36,33 9,40 100,00 0,00 0,00 0,00
Netherlands 12,45 -4,02 3,08 -4,40 27,84 -1,47 2,63 -1,29
Austria 9,66 -13,31 10,98 -3,21 17,17 -41,43 4,93 -0,04
Poland 7,73 -2,64 3,09 -3,60 -1,61 5,29 7,81 -5,02
Portugal -3,51 -6,15 -5,39 -1,70 -1,53 1,53 1,35 -99,33
Romania 6,46 1,33 13,99 -3,26 -8,84 13,47 4,36 3,39
Slovenia -0,20 -2,50 10,72 -0,96 -67,76 2,94 1,29 -8,62
Slovakia 1,07 -6,10 -4,91 0,84 -0,08 -23,00 33,76 -5,88
Finland -7,53 -8,74 -4,73 -4,19 -0,76 -24,60 14,40 -26,61
Sweden -3,12 0,33 573 -5,62 14,63 -5,31 -3,52 6,42

In 2010, import dependence on o0il and petroleum products was highest for Lithuania (94%), Italy
(92%) and Ireland (90%), and lowest for Luxembourg (0%), Slovenia (19%) and Denmark (28%).
Changes in dependence on imports of oil and petroleum products were similar to those for energy
raw materials in general. Denmark was similarly the worst performer, increasing its dependence on
oil imports by 27 percentage points between 2010 and 2019. Romania (up 14 percentage points) and
Austria (11 p.p.) should also be mentioned. An increase in dependence was recorded in 13 EU
countries. In contrast, the best results were achieved in Malta (36 p.p. decrease in dependence),
Croatia (22 p.p.) and Latvia (17 p.p.). Between 2019 and 2021, the magnitude of the decrease in
dependence on oil and petroleum products imports was greater than in the earlier period. A total of
21 countries saw a reduction in dependence. This was caused by the COVID-19 pandemic and the
decline in mobility. This situation consequently caused a decline in demand for oil.

There was a very high dependence on natural gas imports in EU countries. In 2010, total
dependence on this type of feedstock was found in Estonia, Portugal and Finland. In contrast, a lack
of natural gas imports was recorded in Sweden, Malta and Cyprus. Between 2010 and 2019,
dependency levels increased for 14 countries. The highest increases were in Latvia (38 p.p.), Germany
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(30 p.p.) and the Netherlands (28 p.p.), while the largest decreases were recorded for Slovenia (by 68
p-p.), Ireland (42 p.p.) and Croatia (28 p.p.). There was a decrease in dependence on natural gas
imports between 2019 and 2021. A total of 15 countries showed decreases, with the largest decreases
in Germany (by 88 p.p.), Luxembourg (56 p.p.) and Austria (41 p.p.). In contrast, increases in
dependence were found in Croatia (49 p.p.), Ireland (18 p.p.) and Romania (13 p.p.). There were thus
large changes, in large part influenced by the demand situation in individual markets and the drop
in demand for this commodity during the pandemic. On the other hand, changes in the energy mix
may have had some influence. However, these processes require a long time and should be
considered on a country-by-country basis.

The analysis of import dependence on solid fossil fuels reveals significant variations among EU
countries. In 2010, some countries, such as Estonia, Latvia, and Portugal, were almost entirely
dependent on solid fossil fuel imports, with virtually 100% import dependence. In contrast, Malta
displayed no dependence (0%), and the Czech Republic and Greece had very low dependence (2%
and 5%, respectively). These differences in import dependence can be attributed to the existing energy
systems in individual countries and their levels of self-sufficiency. For instance, the Czech Republic
was largely self-sufficient, whereas Malta relied on other energy sources. By 2021, some countries still
relied entirely on imports of solid fossil fuels, including the Netherlands, Ireland, and Cyprus. In
contrast, Malta and Portugal showed no dependence, and the Czech Republic exhibited minimal
dependence (5%). Between 2010 and 2019, only nine countries experienced a decrease in dependence
on solid fossil fuel imports. Generally, import dependence increased during this period, with the
most rapid increases observed in Denmark, Cyprus, and Slovakia (34-35 percentage point increase).
On the other hand, the most substantial decreases in dependence were noted in Bulgaria (17
percentage point decrease), Luxembourg (9 percentage point decrease), and Ireland (6 percentage
point decrease). Between 2019 and 2021, the trend reversed, and 18 countries saw a decrease in
dependence on solid fossil fuel imports. The most significant reductions occurred in Portugal (99
percentage point decrease), Denmark (62 percentage point decrease), and Latvia (43 percentage point
decrease). However, Ireland, Sweden, and Greece displayed the largest patterns of import
dependence during this period. Overall, the COVID-19 pandemic crisis had a positive impact on the
decrease in dependence on imports of solid fossil fuels, primarily due to reasons similar to other
energy commodities. Additionally, individual EU countries are undergoing an energy transition,
shifting away from coal-based energy. Mine closures, such as those in Germany, also contributed to
these changes. The development of renewable energy sources is on the rise, leading to a restructuring
of the energy production in individual countries.

3.5 Changes in the EU’s Dependence on Energy Imports from Russia during the COVID-19 Pandemic and
the War in Ukraine

Figure 8 depicts the changes in the EU's dependence on imports of primary energy commodities
from Russia. For oil and petroleum products and natural gas, the situation remained stable before
and during the COVID-19 pandemic. Imports from Russia were consistently steady until the outbreak
of the war in Ukraine in February 2022. At that point, there was a notable reduction in the impact of
imports from Russia. The decline in imports of solid fossil fuels was particularly prominent during
the initial months of the war, leading to a complete halt in these imports from September onwards.
Short-term contracts generally govern solid fossil fuel imports, making it relatively easier to
discontinue them. However, the situation with other raw materials, such as natural gas and oil and
petroleum products, was more complex. Long-term contracts were in place, and the EU had to search
for alternatives to replace supplies from Russia, which took time. Consequently, the supply of these
raw materials from Russia was not terminated swiftly. Reducing oil supply was comparatively easier
than reducing natural gas supply. A significant challenge in many countries was the lack of
infrastructure suitable for ships carrying raw materials and the absence of adequate storage facilities.
Consequently, restricting imports of energy raw materials from Russia was a prolonged process and
is still ongoing. Complete cessation of imports from Russia to the EU might prove challenging, as
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each country operates independently in the energy market. They sign new contracts and seek raw
material supplies from various directions based on their individual needs and circumstances.
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Figure 8. Share of imports from Russia of basic energy raw materials in total EU imports by month
(01.2019 to 03.2023).

3.6 Changes in Dependence on Energy Imports from Russia in Individual EU Countries during the COVID-
19 Pandemic and the War in Ukraine

At the beginning of 2019, the dependence of individual EU countries on imports of oil and
petroleum products from Russia varied significantly. Lithuania, Slovakia, and Finland were the most
import-dependent countries, with 87%, 79%, and 72% of their total imports coming from Russia,
respectively (see Table 3). Conversely, Luxembourg, Austria, and Spain were the least dependent on
imports from Russia for these energy commodities. During the COVID-19 pandemic, there were
minimal changes in the most dependent countries, and only a few countries managed to reduce their
dependence on imports of oil and petroleum products from Russia. For example, Bulgaria decreased
the share of imports from Russia from 64% in January 2019 to 7% in January 2022, while Slovenia and
Croatia managed to reduce their dependence from 56% to 0% and from 10% to 0%, respectively.
However, there were also cases of increased dependency during this period, such as Germany (from
28% to 32%), Greece (from 20% to 27%), and Italy (from 7% to 17%). Far more substantial changes
occurred during the war in Ukraine. Notably, a significant reduction in imports from Russia took
place in the first months of 2023, making March 2023 a more appropriate time for the analysis. The
reduction in imports of oil and petroleum products affected virtually all EU countries. As a result, at
the beginning of 2023, as many as 14 countries showed no imports from Russia, and several others
had only a very small share of purchases from this direction. Only in a few countries, the scale of
reduction was small. However, the problem lay in signed contracts that could not be terminated at
short notice. Another factor may have been limitations in finding raw materials of suitable quality
and price. Nonetheless, it is evident that the crisis resulting from the war in Ukraine had a substantial
impact on the reduction of imports of oil and petroleum products from Russia for individual EU
countries.

Table 3. Share of oil and petroleum products imports in EU countries in selected months from 2019 to 2023.

Countries Share of imports from Russia in total imports in months and years (%)
01.2019 01.2020 01.2021 01.2022 03.2023
EU-27 25,21 23,74 23,38 23,86 2,28
Belgium 26,30 30,29 21,70 21,45 0,00
Bulgaria 63,98 4,10 6,89 7,47 6,32
Bohemia 31,40 29,55 31,40 28,47 39,17
Denmark 8,44 12,21 18,19 2,07 0,00

Germany 28,03 29,94 30,30 32,41 0,50
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Estonia 31,25 50,00 40,94 28,33 1,01
Ireland 4,02 5,57 4,93 9,06 0,00
Greece 19,70 34,66 23,43 27,35 0,00
Spain 3,35 9,38 11,26 6,40 0,00
France 16,77 16,34 16,66 17,73 0,00
Croatia 10,26 0,00 0,02 0,01 0,00
Italy 6,90 13,21 11,54 16,62 0,23
Cyprus 5,16 0,88 1,10 0,00 0,00
Latvia 11,44 21,98 36,00 17,31 21,49
Lithuania 87,27 63,86 56,15 81,27 0,40
Luxembourg 0,00 0,00 0,00 0,00 0,00
Hungary 57,44 47,53 38,69 46,37 42,49
Malta 11,67 9,98 5,42 3,24 0,00
Netherlands 33,24 20,29 25,11 24,09 0,90
Austria 2,49 6,43 5,02 5,36 0,00
Poland 59,95 68,81 58,68 57,95 4,60
Portugal 13,72 0,00 7,76 12,16 0,00
Romania 54,03 34,12 17,99 25,20 0,95
Slovenia 56,25 28,70 4,07 0,00 0,00
Slovakia 78,95 83,93 78,94 77,54 59,01
Finland 72,36 69,61 70,51 62,29 0,00
Sweden 21,02 3,98 10,64 13,88 0,00

Natural gas was another significant raw material imported from Russia to the EU. At the
beginning of 2019, Bulgaria and Latvia were completely dependent on Russian natural gas imports,
with Finland heavily reliant at 92%. In contrast, there were numerous countries that were entirely
independent from Russian natural gas imports due to reasons such as lack of access to pipelines or
utilization of alternative sources. Between January 2019 and January 2022, there were minimal
changes in dependence on Russian natural gas imports. Some exceptions included Estonia, which
reduced its dependence from 59% to 0%, and Sweden, which increased its reliance from 0% to 20%.
However, more significant changes occurred after the outbreak of the war in Ukraine. Latvia, which
was entirely dependent on natural gas imports from Russia, achieved complete independence in
2023. Germany also abandoned Russian natural gas imports, and Finland considerably curtailed its
imports. Overall, it can be concluded that the COVID-19 pandemic had little impact on natural gas
imports from Russia to the EU. The major changes in imports occurred due to the outbreak of the war
in Ukraine, with several countries abandoning or reducing their reliance on Russian natural gas
imports.

Table 4. Share of natural gas imports in EU countries in selected months from 2019 to 2023.

Countries Share of imports from Russia in total imports in months and years (%)

01.2019 01.2020 01.2021 01.2022 03.2023
EU-27 11,67 13,25 13,26 13,59 6,70
Belgium 0,00 16,61 12,41 13,62 22,07
Bulgaria 99,84 80,17 93,97 92,20 78,50
Bohemia 0,00 0,00 0,00 0,00 0,00
Denmark 0,00 0,00 0,00 0,00 0,00
Germany 33,68 33,19 38,15 35,35 0,00
Estonia 59,46 0,00 5,23 0,00 0,00
Ireland 0,00 0,00 0,00 0,00 0,00
Greece 0,00 0,00 0,00 0,00 0,00
Spain 2,80 10,15 7,60 5,76 14,41

France 0,00 0,00 0,00 0,00 0,00
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Croatia 0,00 0,00 0,00 0,00 0,00
Italy 0,00 0,00 0,00 0,00 1,58
Cyprus 0,00 0,00 0,00 0,00 0,00
Latvia 100,00 100,00 100,00 100,00 0,00
Lithuania 0,00 0,00 0,00 0,00 0,00
Luxembourg 0,00 0,00 0,00 0,00 0,00
Hungary 0,00 0,00 0,00 0,00 0,00
Malta 0,00 0,00 0,00 0,00 0,00
Netherlands 3,92 8,78 4,33 7,55 3,80
Austria 0,00 0,00 0,00 0,00 0,00
Poland 0,08 0,13 0,13 0,37 0,16
Portugal 0,00 0,00 34,36 0,00 0,00
Romania 0,00 0,00 0,00 0,00 0,00
Slovenia 0,00 0,00 0,00 0,00 0,00
Slovakia 0,00 0,00 0,00 0,00 0,00
Finland 92,19 67,06 74,80 48,28 9,80
Sweden 0,00 0,00 9,63 19,51 0,00

3.7 Changes in the Concentration of Energy Imports from Russia in EU Countries during Crises

The following step involved an examination of the shifting concentration of primary energy
commodity imports from Russia within the EU. The study analysed the concentration levels during
the periods of January 2019 to 2022 and March 2023. Generally, it was observed that several EU
countries displayed a high level of import concentration. To visually represent this concentration, the

Lorenz curve was employed (Figure 9).
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Figure 9. Lorenz concentration curves for imports of energy raw materials from Russia to the EU in 2019-2023.
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Notably, there was a much higher concentration in the case of natural gas imports from Russia.
Conversely, there was a sharp spike in concentration regarding imports of oil and petroleum
products, which was a consequence of many countries choosing to refrain from importing these raw
materials from Russia.

The numerical changes in the Gini coefficient are provided in Table 5. Prior to the outbreak of
the COVID-19 pandemic, there were negligible alterations in the concentration of energy raw material
imports from Russia. However, the conflict in Ukraine led to an intensified concentration in oil and
petroleum product imports from Russia, with only a limited number of countries being involved.
Surprisingly, there was a notable increase in concentration for natural gas imports, primarily driven
by the significant reduction in imports of this raw material from Russia. Additionally, a small group
of countries had already been importing natural gas from Russia.

Table 5. Estimated Gini coefficients for imports of energy raw materials from Russia to European
Union countries in 2019-2023.

Estimated Gini coefficients in months and years
01.2019 01.2020 01.2021 01.2022 03.2023
Oil and petroleum  from the sample 0,640 0,653 0,667 0,662 0,816
products estimated 0,664 0,678 0,693 0,688 0,847
from the sample 0,928 0,911 0,899 0,913 0,887

estimated 0,964 0,946 0,934 0,948 0,921

Products Test

Natural gas

4. Discussion

The politicization of the issue surrounding the supply of energy resources from Russia to the
European Union had already become a subject of political debate in 2014. During that time, Russia
annexed Crimea, which was previously part of Ukraine, serving as a wake-up call for the EU to
consider reducing its reliance on Russia or, at the very least, diversifying its energy sources [65].
Costantini et al. [66] argue that the contemporary economic crises were caused by the European
Union's disregard for the economic, geopolitical, and climatic challenges faced by its peripheral
eastern countries. This led to energy dependence and economic instability across the entire Union,
increasing the risk of economic crises. Western European countries appeared unconcerned, as they
leveraged their bargaining position to secure favorable contracts with Russia, thus gaining an
advantage over other EU nations [67]. Our research supports these findings, as it reveals that the EU's
energy import dependence was not declining but rather increasing. Gokgoz and Giivercin [68]
highlight that imports accounted for 54% of total EU energy consumption. Our study yielded similar
results, indicating a significant dependence on natural gas imports, exceeding 83%, and even reaching
100% for certain countries such as Sweden, Belgium, and Portugal. Specifically, between 2020 and
2022, gas dependency saw a sharp rise, nearly reaching 90% for the EU as a whole. This elevated
reliance on energy imports from Russia posed a considerable risk to energy security. Proedrou [70]
argues that the EU's main challenge was balancing competitiveness and efficiency. Consequently, the
Union opted for cheaper raw materials from Russia and invested in new infrastructures such as Nord
Stream I and II. However, Siddi [71] pointed out that diversification should not merely involve
reducing supplies from Russia but also increasing energy imports from other sources like Norway,
Algeria, and a pipeline from Azerbaijan. Nevertheless, the scale of these alternative supplies was
relatively limited, and LNG imports were being reduced due to higher costs compared to pipelines.

According to Goldthau and Sitter [72], after the start of the war in Ukraine in February 2022, the
EU applied autonomous measures to reduce its dependence on Russian natural gas and other energy
resources. The reason for this was the strong geopolitical pressure caused by the Russian invasion. In
such a context, energy security became a priority and could not be outsourced. Farrell and Newman
[73] believed that a trade partnership could only be secure if the actors were not rivals. Such a
condition was no longer met after the outbreak of war. Fulwood et al. [74] point out that the EU's
actions aim to reduce 2/3 of its natural gas imports from Russia in 2022 and to completely abandon
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supplies from this direction within four years. In our study, we also found a large reduction in natural
gas imports from Russia in the first year after the outbreak of the war in Ukraine. Some countries
have completely abandoned supply from Russia and others have significantly reduced it. There are
also cases of countries that have signed a new contract for gas supply from Russia such as Hungary.
The Czech Republic, on the other hand, has replaced gas from Russia with its own coal and is
considering phasing out the use of this resource by the 2030s. Similarly, Germany Austria and the
Netherlands have lifted restrictions on coal-fired power generation. The war in Ukraine has been
treated as an emergency [56]. Tani [75] suggests that the problem with rapid independence from
Russian gas is the lack of expensive infrastructure, such as regasification terminals. This problem is,
however, being addressed. For example, Germany has signed its first long-term contract with Qatar
after the Russian invasion, which secures gas supplies until 2041. In addition, Germany will also
spend US$ 3 billion to build floating LNG terminals [56]. Not all countries can afford such
expenditure. These observations justify the results we have obtained. The abandonment of gas
imports from Russia was a long-term process and did not happen overnight.

In the EU, it is indicated that a way to diversify energy supply is to develop clean energy
production such as from solar wind, hydrogen and biomethane [76]. It estimates that by the end of
2022, renewable energy sources could replace about 20 billion m? of imported gas in the EU [56].
Eliminating energy dependence on Russia by 2027 is referred to as the REPowerEU plan. The plan
addresses supply diversification, energy savings, electrification, the use of renewable and low-carbon
gases, and new industrial processes, including industrial heat pumps. In the short term, it also
includes the diversification of LNG imports by sea from the US and the Middle East. Reversing the
dominant flow direction cannot be done overnight [77].

The reduction of oil imports into the EU depends on the situation in the transport sector, which
is the main consumer of oil. According to Claes and Hveem [78], changes in transport behaviour,
means of transport and technology are the key drivers for reducing oil consumption. The problem in
diversifying oil supply is that it is quite concentrated in a few regions of the world. OPEC
(Organisation of Petroleum Exporting Countries) countries hold more than 70% of the world's proven
oil reserves and control more than 40% of global oil production [79]. In our study, a consistent and
very high level of oil imports was evident. In addition, it was a commodity for which there were no
large fluctuations in demand despite crisis situations. After the outbreak of war in Ukraine, the
European Commission proposed a plan to phase out Russian oil within six months and refined oil by
the end of 2022 [80]. Our results confirm these trends. In March 2023, the share of Russian oil imports
in total EU imports was 2.28%. It must also be stated that oil substitution in the short term is
impossible. In the long term, it can be done by promoting, for example, electromobility [81].

The EU's dependence on Russian coal was quite low. The reason for this was the decline in the
consumption of this raw material in Europe over the last 30 years as a result of the implementation
of the energy policy to reduce CO: emissions to zero [82]. The reduction in coal imports from Russia
can be compensated by an increase in extraction in individual EU countries and by imports from the
USA Australia, Colombia, but at a higher price. Coal is one option to replace natural gas [59]. Our
results indicate that Coal and other solid fuels were the raw materials whose imports from Russia
were completely reduced 6 months after the outbreak of war. There was a great deal of flexibility
associated with the substitution of this energy resource.

It should also be emphasised that the sequence of structural changes in global energy markets
was triggered by the outbreak of the COVID-19 pandemic in early 2020. These changes were only
reinforced two years later by the Russian invasion of Ukraine. Both crises had significant
repercussions for the energy market [83,84]. First and foremost, in addition to demand and supply
changes, there was an increase in energy prices and both wholesale and retail. The increase in energy
prices is a social problem because nobody wants to pay a lot for energy. Studies from earlier years
confirm that before the crises, energy prices for households did not rise very quickly [85]. Different
countries were affected differently by the energy crisis after the outbreak of war in Ukraine. In
Belgium, prices in the energy sector rose by 30-50% [86]. Germany is trying to reduce oil imports from
Russia, which has caused problems in industries dependent on this resource [87]. In Greece, the


https://doi.org/10.20944/preprints202308.0736.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 August 2023 doi:10.20944/preprints202308.0736.v1

21

effects of the crisis have been felt especially in the tourism sector due to a large increase in oil prices
[88]. In Spain, electricity prices rose by 200%, which had a major impact on business and household
operations. The cessation of energy imports from Algeria was also a problem [89]. Romania was not
in the worst situation as it produced one third of its oil consumption domestically [90]. The
consequences of the energy crisis for the economy are large. According to estimates, higher energy
prices will reduce European economic growth by 0.2 percentage points in 2022 [91]. Chepeliev et al.
[92], on the other hand, argue that the consequence of both crises will be the long-term environmental
benefits of faster CO2 reductions as a result of the acceleration in the introduction of renewable energy
[93].

In general, it can be said that dependence on imports of energy raw materials is a major problem
for the EU. The crises caused by COVID-19 and later the outbreak of war in Ukraine caused rapid
changes. At the beginning of 2023, the EU has given up almost all energy raw materials from Russia,
and this will be full independence in 4 years. The positive aspect of this situation is the greater
diversification of energy supplies and the acceleration of the introduction of renewable energy so that
it can replace non-renewable energy in the future. There would then be complete independence from
imports of energy resources and increased energy security.

5. Conclusions

5.1. Conclusions

The conducted research allows for a few generalisations.

1. There were no significant changes in the overall EU energy balance between 2010 and 2022. For
individual feedstocks, a large reduction in production volumes, imports, exports and total
energy supply for solid fossil fuels was evident in the first year of the COVID-19 pandemic. The
reason for this was the energy policy that was prompting a move away from this type of fuel.
For other energy commodities, reductions in volumes for energy balance parameters were only
evident in the first year of the pandemic.

2. During the crisis caused by the COVID-19 pandemic, dependence on energy imports decreased
slightly and was short-lived. This was due to the reduced demand for energy during the
lockdowns. The war in Ukraine, on the other hand, influenced a large increase in dependence
on energy feedstock imports, which was driven by the desire to build up stocks and protect
against further energy market disruptions. This was particularly true for solid fossil fuels and
natural gas. Hence, hypothesis one was verified positively.

3. Dependence on energy imports from Russia was higher for oil and petroleum products than
natural gas until the end of 2022. In 2023, imports of oil over petroleum products were practically
discontinued, while restrictions in natural gas were not so drastic. Hence, hypothesis two was
only positively verified by the end of 2022. In both cases of energy sources, there was a very large
reduction in imports from Russia. Many countries have abandoned energy imports from Russia
altogether.

4. The war in Ukraine caused a greater change in EU concentration in imports of energy raw
materials imported from Russia than the crisis caused by the COVID-19 pandemic. A
particularly large increase in concentration was evident in the case of oil and petroleum
products. This was due to the complete reduction of imports by most EU countries. Import
concentration for natural gas was high even before the crises, with an increase in the ratio during
the pandemic and a decrease during the war. The latter change was due to the reduction or
complete abandonment of imports of this raw material from Russia. More changes in the
concentration of imports of energy raw materials were observed when importing raw materials
from Russia than in total imports. Hypothesis three was confirmed.

5.2 Recommendations

The study outlines the changes in EU countries' dependence on energy imports, particularly
from Russia, during the 2020-2022 crises. Such a comprehensive approach is a novelty. Research on
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such relationships during the COVID-19 pandemic in other European and global countries is lacking.
It would be useful to contrast the results, as the determinants and scale of constraints during the
pandemic and the war in Ukraine differed between countries and regions of the world. In addition,
the EU was highly dependent on energy from Russia. It can be clearly stated that the crises caused a
lot of disruption and subversion of the existing links and flows of energy resources. Everything had
to be redefined and therefore requires further clarification.

A limitation of conducting such studies is the lack of up-to-date and detailed data available for
the last year and months. Such data are published late, so the analysis could be more detailed.
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