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Preface

This reprint provides a comprehensive study of the impact of the COVID-19 pandemic on energy

markets in Central and Eastern Europe. The COVID-19 pandemic has introduced significant changes

and challenges to the energy sector worldwide. Sudden changes in energy demand, the need to

adapt to new market and political conditions, and the increasing role of sustainable development

and renewable energy sources have compelled the energy sector to seek innovative solutions. The

motivation for writing this reprint was to understand these dynamic changes and their long-term

consequences for the energy sector, economy, and society.

The goal of this publication is to understand and analyze the impact of the COVID-19 pandemic

on various aspects of the energy sector in Central and Eastern Europe, with a particular focus on

Poland. The analysis covers several key aspects, such as innovative energy technologies in road

transport in selected EU countries, changes in energy consumption, implementation of renewable

energy technologies, CSR policies, employment in the energy sector, and risks associated with the

pandemic.

This publication is addressed to a broad audience, including researchers, students, policymakers,

energy sector workers, and anyone interested in renewable energy and its role in sustainable

development. This reprint aims to provide valuable information and analyses that can support

decision-making, policy formulation, and the development of innovative energy technologies.

This reprint is the result of in-depth research and analyses aimed at shedding new light on the

dynamically changing landscape of the energy sector in the face of the COVID-19 pandemic. I warmly

invite you to read and reflect on the issues presented herein.

Jakub Kraciuk and Elzbieta Kacperska

Editors
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Innovative Energy Technologies in Road Transport in Selected
EU Countries
Jakub Kraciuk 1,* , Elżbieta Kacperska 1 , Katarzyna Łukasiewicz 2 and Piotr Pietrzak 2

1 Institute of Economics and Finance, Warsaw University of Life Sciences, 02-787 Warsaw, Poland
2 Management Institute, Warsaw University of Life Sciences, 02-787 Warsaw, Poland
* Correspondence: jakub_kraciuk@sggw.edu.pl

Abstract: The primary aim of this study was to assess and classify selected EU countries to groups
differing in terms of the degree of implementation of innovative energy technologies to alleviate
adverse externalities in road transport. This aim was realised using three groups of research methods:
collection of empirical data, data processing and presentation of study outcomes. When collecting the
research material, the authors used the method of critical literature review and the documentation
method. The research material was processed using the agglomerative clustering technique, which
was one of the hierarchical clustering methods. The distance between objects (here, selected EU
countries) was determined based on the Euclidean distance. The outcome of this analysis was a den-
drogram, which constitutes a graphical interpretation of obtained results. The study was conducted
on 21 EU countries. The analyses covered the years 2013–2019. The sources of materials included
literature on the subject and the Eurostat data. The problem of innovative energy technologies in
road transport is presently of considerable importance. This results from the current situation related
to human activity. As a result of the conducted cluster analysis, groups were distinguished based on
differences in the use of innovative energy technologies alleviating negative externalities generated
by road transport. The first group comprised Sweden, the Netherlands and Finland. Compared
to the other groups, this group was distinguished by the highest values of four indexes, i.e., the
share of renewable energy sources used in transport in 2019, the share in the market of electric
passenger vehicles in 2019, the share in the market of electric lorries in 2019, as well as the share in
the market of hybrid automobiles in 2019. Countries which participated the least in the elimination
of negative externalities generated by road transport included Romania, Hungary, Greece, Poland,
Latvia and Estonia.

Keywords: road transport; externalities of transport; innovative energy technologies; renewable
energy sources; the European Union

1. Introduction

Innovations in the energy sector are necessary for a variety of reasons, including
climate change, increasing the availability of safe and affordable energy and the growing
use of renewable energy sources. Transport is a unique sector of the economy, contribut-
ing to socio-economic development, but also generating external costs. The increasing
number of vehicles used in road transport in the EU, depletion of fossil fuel resources and
environmental concerns have all contributed to the search for alternative solutions to be
implemented as innovative energy technologies in road transport. This type of transport
in the European Union countries is one of the most dynamically developing sectors of the
economy and, as a result, is also the one with the greatest environmental impact.

The problem of innovative energy technologies in road transport has been investi-
gated by numerous researchers. These analyses typically concerned the use of renewable
energy sources in road transport [1–5], implementation of innovative energy technologies
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by selected countries [6,7], various directions of development of innovative energy tech-
nologies, e.g., use of electric vehicles [8,9], hydrogen vehicles [10,11] and connected and
autonomous vehicles [12,13]. Very few publications are available in the literature on the
subject concerning comparisons of this problem at the international scale.

The aim of this paper is to assess and classify selected EU countries into groups differ-
ing in terms of the use of innovative energy technologies to alleviate negative externalities
in road transport. In order to realise this aim, a set of the following research tasks was
established: (1) to conduct a review of Polish and foreign literature concerning innovative
energy technologies limiting negative externalities in road transport, (2) to present changes
in the use of renewable energy sources in road transport in the EU countries in the years
2013–2019; (3) to identify leaders among the EU countries in the use of innovative energy
technologies in road transport.

The authors also undertook verification of the following research hypothesis:

Hypothesis 1 (H1). Only a few EU member countries can be described as leaders in the use of
innovative energy technologies in road transport.

This paper is composed of five parts. The first chapter, constituting the Introduction,
presents a justification for the selection of the study subject, the main aim and research
tasks. The next chapter gives information on the material and adopted research methods.
The third part provides a review of literature on innovative energy technologies alleviating
negative externalities in road transport. The fourth part presents the results of conducted
analyses, along with the discussion concerning results reported by other authors. The
final part of the paper comprises concluding remarks together with the presentation of
limitations of this study, while also suggesting proposals for further directions of research
on the subject.

2. Literature Review

Innovations are a concept that was introduced for the first time in economic sciences
by J.A. Schumpeter in 1912. He distinguished [14]:

• Manufacturing novel products or improvement of existing products;
• Use of new production methods;
• Opening of a new sales market;
• Development of a novel type of product;
• Acquisition of new sources of raw materials or intermediate goods;
• Creation of a new branch organisation.

In the approach proposed by that author, we deal with technological, organisational
and economic changes in the phenomenon of entrepreneurship, as indicated by both
the process and the innovative character of these actions [15]. Innovations were also
discussed by [16–18]. The best known and most commonly used definition of innovation
is that published in the Oslo Manual in 2005 [19,20], in which innovations are defined
as introducing new or considerably improved products on the market or finding better
ways to launch new products on the market. Innovation is related to innovativeness [21].
Innovative activity is a process of developing innovations through scientific, technological,
organisational, financial and marketing activities. Some of those mentioned above are
innovative by themselves, or they are not novelties, but they constitute an indispensable
element for the implementation of an innovation. For innovations to be feasible, research
and development activity is required [22].

Both technological and systemic innovations play a considerable role in the process
of energy transition. Priorities need to be innovations in the use of transport, industry
and the construction sectors. Particular attention should be focused on the application
of advanced technologies in energy storage, smart charging systems for electric vehicles,
or establishment of small, local grids. Innovations in the energy sector are necessary in
view of climate change, increased availability of safe and affordable energy, as well as
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the growing use of renewable energy sources ( . . . ) [23]. Innovative energy technologies
in the transport sector are related to increased energy efficiency provided by advanced
technical solutions consisting of the use of alternative fuels. At present, the focus is on the
implementation of zero-emission solutions in transport, i.e., the use of electric energy and
hydrogen to power vehicles [24]. Similar solutions are used, e.g., in China (development of
electric vehicle (EV) technology [25]. The discussed problem is of paramount importance
and of topical interest [26]. It has been presented by numerous authors [27,28].

Transport plays a highly important and ever-increasing role in many aspects of func-
tioning of contemporary societies, as it facilitates transport of humans and goods within
countries and regions, as well as between them [29]. Transport is developed mainly thanks
to the growing domestic and international trade. In turn, passenger transport is connected
primarily by commuting and business trips, as well as domestic and international tourism.
Within the last several decades, people have spent on average from 1 to 1.5 h daily com-
muting or travelling [30]. However, increasing income levels and growing accessibility of
passenger transport at higher speeds, along with its increasing affordability, have all con-
tributed to the development of societies in which people travel on business and for pleasure
over ever-growing distances. The development of passenger transport related to business
activity and transport of goods has been considerably facilitated by processes of economic
globalisation. Obviously, the impact of these processes on transport is multifaceted. The
limiting factor for passenger transport connected with commuting is connected to the
increasingly common online work. This phenomenon was markedly intensified during the
COVID-19 pandemic. Additionally, events termed black swans and grey rhinos also exert a
considerably impact on globalisation processes, contributing to economic slowdown and
limiting trade, thus reducing the scale of transport, particularly transport of goods.

In the EU in 2018, transport accounted for approx. 6.3% of gross domestic product
(GDP), employing almost 13 million people whilst also acting as the main source of income
in several EU member countries [31]. In 2019, the EU road systems were used by 242 million
passenger cars (which corresponds to more than one automobile per every two people). The
car ownership index was highest in Luxembourg (681 cars per 1000 inhabitants), followed
by Italy, Cyprus, Finland and Poland (all with over 600), while in Hungary it was fewer
than 400 per 1000 inhabitants (390), similar to Latvia (381) and Romania (357) [32].

Land transport in the EU (excluding pipelines) in 2019 is estimated at approx. 2300 bil-
lion tonnes/kilometres. A vast proportion of this number (76.3%) was connected with road
transport, with railways at 17.6% and inland waterways accounting for 6.1%. Rail transport
accounted for most inland transport of goods in Latvia and Lithuania (73.6% and 67.4%,
respectively), while inland waterways accounted for 42.7% freight in the Netherlands [32].
The outbreak of the COVID-19 pandemic contributed to a marked decline in road transport.
This was particularly evident in the case of public transport, which dropped by as much as
80–90% in major European cities in the middle of 2021 [33]. Nevertheless, in the long-term
perspective, transport—including road transport, will continue to develop and its volume
will increase.

Although mobility provides a variety of advantages for its users, it is also connected to
social costs. T. Kamińska [34] indicated the social benefits and costs of transport (Figure 1).

According to the OECD, the effects of transport may be divided into [35]:

(1) Benefits for users:

• Changes in the duration of travel;
• Change in the maintenance costs of vehicles;
• Effect on traffic safety.

(2) Effects of transport networks:

• Creation of new traffic options;
• Intrasector shifts in demand;
• Improved reliability of transport;
• Quality of transport services.

3
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(3) Socio-economic effects:

• Changes in availability;
• Changes in employment within the region;
• Changes in efficiency and production;
• Changes in social integration;
• Changes in property value.

(4) Environmental effects.

 

Externalities of 
transport 

Social benefits of 
transport 

Private benefits of 
direct and indirect 

users 

External benefits 
outside transport 

External benefits 
generated by 
infrastructure 

Social costs of 
transport 

Private costs of 
transportation of 
people and goods 

Costs of 
infrastructure 

Costs related with 
the creation and 
maintenance of 
infrastructure 

Exploitation of 
means of transport 

Figure 1. Externalities of transport according to T. Kamińska. Source: own study based on [34].

In terms of sustainable development for the economy, costs incurred by society in
relation to provision of transport costs are essential. They are termed social costs, and
are divided into two categories: internal and external (Figure 3). Internal costs result
from transport activity and are incurred by the users who generate them. Costs are
also incurred by society, i.e., time losses; health problems resulting from air pollution or
noise; and carbon dioxide emissions, which lead to climate change [36]. They are defined
as externalities or negative external effects. In terms of sustainable development, costs
incurred by society in relation to transport services, defined as externalities or negative
externalities, are crucial for the economy. This problem has been widely discussed in
economic literature [37–41]. According to W. Rothengatter, externalities include, among
other things, “involuntary interactions between entities jointly using a given resource, to
which ownership right has not been established” [35,41], while E. Mishan clarified that
they are generated unconsciously and constitute unintentional or accidental by-products
of purposeful activity [35,42]. J. Poliński indicated that they are “all costs related to the
execution of a transport service, which are not incurred by the provider of this service,
or by the purchaser, but by a third party, here it is the society” [43,44]. Literature on the
subject presents many divisions of external costs of road transport. Most typically, they are
divided into four categories (Figure 2).

The greatest share in external costs of transport comprises environmental costs, which
make up approx. 58%. They include costs related to the elimination of air pollution,
changes in the natural environment and landscape, climate change associated with CO2
emission, costs related to alleviation of environmental damage, and costs of actions aiming
to reduce noise. The second item comprises costs related to accidents, which make up 29%
of costs. These are costs not covered by insurance premiums, e.g., material losses, medical
costs, administrative costs, etc. The share of infrastructure costs accounts for 12%, while
that of congestion is 1% (Figure 3).
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External costs of 
transport 

Environmental costs 58%  

Costs of road accidents  
29% 

Costs of infrastructure 
12% 

Congestion costs 1% 

Figure 2. Categories of external costs of road transport. Source: own study based on [45].

The latter include greenhouse gas emissions, air and water pollution, as well as
noise. Road transport, next to heating, is the primary factor responsible for the low
air quality in European cities, and it ranks second as the source of greenhouse gases in
Europe. In view of the above, it is obvious that reaching sustainable social development
goals requires addressing the challenges related with the transport system as a whole,
particularly road transport [46]. Many researchers point to the need to rationalize the
energy consumption of road transport towards sustainable development [47,48]. For
many years, the European Union has undertaken actions for sustainable development in
the energy sector. This sector has been the most important issue since the beginning of
integration processes in Europe [49]. In the following years, the European Union initiated
works on the establishment of the single energy market, identifying priorities for this
policy [50,51]. The EU defined goals related to climate and energy, within which the
member countries declared that they would reduce greenhouse gas emissions by 2030,
increase the share of renewable energy sources, and improve energy efficiency and the
potential to transfer electricity generated within the EU to the other EU countries using
the system of interconnections [52]. The recently announced EU Green Deal assumes
that the EU countries are to become zero emitters, i.e., climate neutral, by 2050 [53]. In
the Strategy for Sustainable and Smart Mobility—European transport on the road to the
future, announced in 2020 [54], it was shown that environmentally friendly mobility has to
become a new licence for the development of the transport sector. This Strategy indicates
that a 90% reduction in emissions from the transport sector by 2050 is the primary goal.
EU countries have to implement comprehensive transformation towards a sustainable
and smart future: (1) make all types of transport more sustainable, (2) ensure extensive
availability of sustainable alternative solutions in the system of multimodal transport, and
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(3) implement adequate incentives promoting such a transformation [53]. The following
were indicated as intermediate goals:

(1) By 2030:

• A minimum of 30 million zero-emission vehicles will be introduced onto Euro-
pean roads;

• 100 European cities will be climate neutral;
• High-speed rail transport will increase twofold;
• Regular public transport up to 500 km should be CO2 emission neutral within

the EU;
• Extensive implementation of automated mobility;
• Preparation for zero-emission ships to be on the market.

(2) By 2035:

• Preparation for launching of zero-emission large aircraft onto the market.

(3) By 2050:

• Almost all passenger vehicles, transport vehicles, buses and new heavy-duty
lorries will be zero emission;

• Rail freight will increase twofold;
• Traffic of high-speed trains will increase threefold;
• Multimodal Trans-European Transport Network (TEN-T) will be equipped for

sustainable and smart transport, ensuring fast connections.

It will operate within the comprehensive network.
The goals established for the EU transport sector are challenging. A reduction in

greenhouse gas emissions by the European transport may be attained by:

(1) Limiting the energy demand of transport, e.g., modal shifts (individual private trans-
port towards public transport, air transport towards high-speed rail, road transport
towards waterway transport), through remote work, changes in prices, operational
improvements or other solutions related to demand.

(2) Improvement of efficiency through electrification, hybrid systems and upgraded engines.
(3) Transition to energy carriers with lower carbon dioxide emissions, such as renewable

energy or sustainable biofuels, e.g., bioethanol, biodiesel, biomethane, hydrogenated
vegetable oil (HVO) and fatty acid methyl esters (FAME) [55].

As a result, decision makers face challenges requiring them to pressure this sector to
reduce its externalities, while simultaneously maintaining the economic model it helps to
support [56]. In this context, it is clear that top-level strategic actions aiming to regulate
road transport typically promote implementation of innovative technological solutions,
which may contribute to attaining both these aims. Digital solutions based on connectivity
and automation of vehicles, as well as the paradigm of the sharing economy together
with the transition to low-emission vehicle technologies (particularly electric vehicle and
hydrogen vehicle technologies) are central elements of the European vision of smart and
more eco-friendly transport [57]. Innovativeness in transport is related with the search for
methods to more efficiently utilise financial, management and organisational resources.
This is a particularly important problem in view of the growing transport needs and limited
resources. According to forecasts in Poland and the European Union, in the near future,
innovativeness in transport should focus on the following problems [58]:

• Transport methods and technologies;
• Planning, organisation and management of transport systems;
• Financing of transport in relation both to the maintenance and modernisation of

existing resources, as well as new infrastructure, vehicle fleets and other resources.
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society and future 
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Figure 3. Classification of transport costs. Source: own study based on [36].
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One of the innovation priorities in road transport may include development of battery
electric vehicles (BEV) [59], which are becoming increasingly important, particularly in
the privately owned automobile market. A battery electric vehicle (BEV) is an electric
vehicle (EV), which is powered solely by the energy stored in batteries, with no other
source (e.g., hydrogen, an internal combustion engine, etc.). Vehicles of the BEV type use
an engine and an electric system instead of the internal combustion engine (ICE). These
vehicles collect all the power from batteries and use it to power their engines, which
additionally aids in powering their wheels [60]. A significant component of costs in these
vehicles is generated by batteries. Innovative designs for batteries on the one hand aim at
reducing the adverse environmental impact, especially at the stage of their production and
decommissioning, while on the other hand, innovative solutions focus on increasing the
energy density and power of batteries, particularly in vehicles of medium and large load-
carrying capacity. In the near future, this may be reached thanks to upgrades in existing
lithium-ion technologies. Over a longer time, prospective new chemical technologies may
replace lithium-ion batteries, ensuring further reduction of costs and improvement of their
efficiency [61].

An important role in the decarbonisation of the lorry segment may be played by
flexible-fuel vehicles (FFV). In view of doubts related to the possible zero-emission tech-
nologies for lorries of large load-carrying capacity, it is crucial to develop options for
combustion engines. Key innovations in this respect are related to improved fuel savings
and reduction in harmful emissions. A limited hybrid type (e.g., the 48 V system, regen-
erative braking, also called recuperation) is particularly effective at reducing both high
emissions and fuel consumption in vehicles equipped with combustion engines, which
frequently stop and start to move again [61]. At present, various types of dual-fuel vehicles
are produced. Among them, we may distinguish, e.g., vehicles using petrol and LPG,
hydrogen and petrol or petrol and diesel oil. Dual-fuel vehicles are low-cost burdens for the
development of the hydrogen infrastructure prior to the introduction of fuel-cell-powered
vehicles. They are considered to be a transition stage for vehicles powered with these
cells, since they use the same fuel storage systems, safety systems, valves, safety system
controls, etc. Moreover, this technology may be replicated on various engine platforms
while incurring relative low costs [62].

Novel engine architecture designs may bring about a greater increase in performance
and efficiency parameters, although they are presently in their preliminary stages. More-
over, further integration of components is required in exhaust after-treatment systems to
improve both their energy efficiency and effective removal of pollutant emissions.

In the near future, a particularly important role may be played by electric vehicles
equipped with fuel cells. Vehicles with fuel cells powered by pure hydrogen are zero-
emission vehicles, as in reality, the only local emission is water vapour. However, in this
case, it is important to consider the complete fuel cycle, i.e., emissions related to the produc-
tion, transport and supply of fuel. The basic primary source for the production of hydrogen
is crucial for vehicles to be considered environmentally friendly. Hydrogen produced
from renewable energy (e.g., wind or solar energy combined with electrolysis) and used
in fuel cells may considerably reduce emissions. The latest studies concerning alternative
fuels indicate that vehicles powered with fuel cells using hydrogen are the most promising
technology in terms of reducing pollutant emissions in the fuel cycle [63]. Fuel cells are
considered increasingly promising, particularly as a solution limiting pollutant emissions
by lorries. They offer a similar range of distance covered as conventional diesel engine
vehicles; however, the high costs of its implementation are the main drawback of such a
solution. For this reason, it is also necessary to implement innovations aiming at decreasing
costs of fuel cells and the hydrogen tank, since these elements are, to a considerable degree,
responsible for the total cost of fuel-cell-powered vehicles. These costs may be decreased
by developing large-scale production, applying greater automation. In turn, fuel cells may
play an increasingly important role in the decarbonisation of vehicles of medium and large
load-carrying capacity, considering the relatively high ratio of generated energy to the
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mass of hydrogen in comparison to batteries. This aspect was also discussed by [64,65].
It was stated that Poland has huge potential for the use of hydrogen as an alternative to
conventional fuels used in the transport sector [66]. This innovative application in transport
has been described by many authors [67].

A considerable challenge which may possibly change the entire infrastructure of
land transport and travel is related to innovations leading to introduction of connected
and autonomous vehicles. New vehicle technologies in this respect promise solutions in
which sensors and specialist software will replace people as drivers [68]. A priority in
the development of CAV vehicles is to create safety foundations based on this technology.
Innovative technologies, validation and testing procedures are crucial for the establishment
of safety standards and lowering of implementation costs for this technology [63]. Con-
nected Autonomous Vehicles, i.e., those which are both combined and autonomous, are a
technologically powerful area of potential great importance in the future, which has been
shown in the publications of many authors [69–72].

3. Material and Methods

Objects for this study were selected based on purposive sampling. They are countries
of the European Union (EU), for which necessary data were available, i.e., Austria (AT), Bel-
gium (BE), Czechia (CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany
(GE), Greece (GR), Hungary (HU), Ireland (IE), Italy (IT), Latvia (LV), the Netherlands
(NL), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (SE)
and Sweden (SW). Thus, the population sample consisted of 21 out of the 27 EU member
countries. For the remaining six, the relevant variables (x1, x2, x3, x4, x5, x6, x7) were not
available. These variables will be described later in this section.

When selecting diagnostic variables, the authors used their experience gained in the
course of previous studies [44,73], as well as availability of current data (2019 was the last
year for which a complete set of data was available). Since this article concerns the use of
innovative energy technologies contributing to externalisation of negative externalities in
road transport, this study included:

• x1—the share of renewable energy sources used in transport in 2019 (in %);
• x2—the share in the market of electric passenger vehicles in 2019 (in %);
• x3—the share in the market of electric lorries in 2019 (in %);
• x4—the share in the market of hybrid passenger vehicles in 2019 (in %);
• x5—the share in the market of hybrid lorries in 2019 (in %);
• x6—average CO2 (carbon dioxide) emission from new automobiles in 2019 (in g CO2/km);
• x7—average CO2 emission from new lorries in 2019 (in g CO2/km).

In order to assess the selected variables, a Pearson correlation matrix for these variables
was established (Table 1). An excessively high correlation between characteristics may
indicate multicollinearity. For this reason, the threshold for the correlation coefficient
was set at (r* = 0.9) [74]. Due to the low values of coefficients in this study, no variable
was eliminated.

Table 1. A Pearson correlation matrix for the investigated variables.

Variable x1 x2 x3 x4 x5 x6 x7

x1 1.00 0.81 * 0.76 * 0.60 * 0.37 0.10 0.28
x2 0.81 * 1.00 0.76 * 0.53 * 0.34 −0.27 0.27
x3 0.76 * 0.76 * 1.00 0.38 0.37 −0.04 0.24
x4 0.60 * 0.53 * 0.38 1.00 0.29 0.15 0.22
x5 0.37 0.34 0.37 0.29 1.00 0.02 0.01
x6 0.10 −0.27 −0.04 0.15 0.02 1.00 0.56 *
x7 0.28 0.27 0.24 0.22 0.01 0.56 * 1.00

* Correlation coefficients are significant with p < 0.0500. Source: own study.
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It should be mentioned here that the authors made an attempt at a comprehensive
approach to the analysed phenomenon. In previous studies, no division was made into
types of vehicles (passenger cars vs. lorries) or types of engines. In view of the above,
the authors believe that the presented analysis will fill the gap in current knowledge on
the subject.

Within this study, three groups of research methods were applied: (1) collection of
empirical material, (2) data processing, as well as (3) presentation of research results.

When collecting research material, the authors used the method of critical literature
review and the documentation method. This article presents results of both Polish and
foreign studies concerning negative externalities generated by road transport, as well
as innovations introduced by the energy sector aiming at their externalisation. Selected
legal regulations were also presented in relation to the investigated problem. In turn,
the documentation method consisted of the use of reports produced, e.g., by the OECD
(Organisation for Economic Cooperation and Development) or ACEA (the European Automobile
Manufacturers Association) in order to collect required data.

When processing the research material, the authors applied the agglomerative cluster-
ing technique, which is a representative of the hierarchical method. The distance between
the objects (here, selected EU countries) was determined based on the Euclidean distance.
In turn, to estimate the distance between clusters, the Ward method was used. This method
differs from the others, as it uses the analysis of variance approach, i.e., it attempts min-
imisation of the sum of squares of deviations within the clusters. The Ward method is
considered to be efficient, although its application leads to the formation of small-sized
clusters [75]. The analysis provided a dendrogram, constituting a graphical interpreta-
tion of obtained results. The method adopted has previously been used to solve similar
problems, see: Gostkowski et al. [76], Kacperska et al. [73].

It needs to be stressed here that the variables included in this study were expressed
in different units. For this reason, prior to their analysis, the clusters were normalised. It
results from the analysis of literature on the subject that the best formal properties among
the normalisation methods are found for zero unitisation [77]. Normalisation formulas for
the variables are stimulants, i.e., those for which the higher the value, the better, and the
variables are destimulants, i.e., those for which the lower the value, the better, took the
following form:

Zij =
(

xij −mini xij
)
/
(
maxi xij −mini xij

)
, xj ∈ S (1)

Zij =
(
maxi xij − xij

)
/
(
maxi xij −mini xij

)
, xj ∈ D (2)

where:

Zij—normalised value of j-th variable for i-th object (here, an EU country).
xij—value of j-th variable in i-th object;
maxi xij–mini xij—range of j-th variable.

The set of stimulants was denoted as S, while that of destimulants was denoated as D.
The former set comprised variables x1, x2, x3, x4 and x5, while the latter set consisted of x6
and x7.

Using the formulas given above, the normalised values from the range of <0;1> were
obtained. In this case, for variables which were stimulants, the value of 1.0 was given for
the EU countries, in which case, the following variables—the share of use of renewable
energy sources in transport in 2019, the share in the market of electric passenger vehicles in
2019, the share in the market of electric lorries in 2019, the share in the market of hybrid
passenger vehicles in 2019 and the share in the market of hybrid lorries in 2019—were the
highest. In turn, in the case of destimulants, the value of 1.0 was given to the EU countries,
for which the variables: average CO2 emission from new passenger vehicles in 2019 and
average CO2 emission from new lorries in 2019 were the lowest.
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The results of these analyses are presented applying the descriptive, table and graph-
ical methods. All calculations were made with the use of the MS Office 365 package and
STATISTICA software.

4. Results and Discussion

As was observed earlier, the most significant innovations contributing to the elimina-
tion of negative externalities of road transport (e.g., g CO2/km) include renewable energy
sources, as well as low-emission vehicles (electric and hybrid cars).

It needs to be mentioned here that in recent years, the use of renewable energy sources
in transport in the EU countries increased (in 2013 the average share of use of renewable
energy sources was 6.89%, while in 2019 it was 9.22%) (Table 2). In the analysed period,
the greatest increment in the consumption of renewable energy sources in transport was
recorded in Estonia, Portugal, Spain and Greece. The countries in which a decrease was
observed in this respect included Austria, Finland and Poland.

Table 2. Changes in the use of renewable energy sources in transport in selected EU countries in the
years 2013–2019.

Country 2014 2015 2016 2017 2018 2019 2014 = 100

AT 10.98 11.41 10.58 9.70 9.93 10.05 91.51
BE 5.85 3.92 6.03 6.64 6.71 6.82 116.63
CZ 7.00 6.54 6.50 6.62 6.56 7.84 112.06
DK 6.56 6.43 6.73 6.94 6.92 7.11 108.45
EE 0.42 0.41 0.43 0.42 3.32 6.24 1493.54
FI 24.12 24.56 8.81 18.67 14.77 14.32 59.36
FR 8.25 8.37 8.41 8.77 8.96 9.25 112.11
GE 6.90 6.57 7.01 7.03 7.94 7.63 110.58
GR 1.33 1.10 1.62 4.00 4.11 4.05 305.35
HU 7.00 7.17 7.77 7.73 7.75 8.06 115.08
IE 5.20 5.94 5.16 7.44 7.19 8.92 171.35
IT 5.02 6.51 7.41 6.48 7.66 9.05 180.22
LV 4.08 3.64 2.45 2.27 4.73 4.55 111.75
NL 6.56 5.60 4.76 5.84 9.48 12.33 187.81
PL 6.32 5.69 3.97 4.23 5.72 6.20 98.12
PT 3.67 7.43 7.65 7.91 9.04 9.09 247.86
RO 4.68 5.49 6.17 6.56 6.34 7.85 167.83
SK 7.95 8.63 7.77 6.95 6.99 8.31 104.49
SI 2.88 2.24 1.60 2.57 5.48 7.98 277.57
SE 1.02 1.09 5.17 5.80 6.94 7.61 743.16
SW 18.83 21.49 26.56 26.84 29.70 30.31 160.95

Min. 0.42 0.41 0.43 0.42 3.32 4.05 59.36
Average 6.89 7.15 6.79 7.59 8.39 9.22 241.70

Max. 24.12 24.56 26.56 26.84 29.70 30.31 1493.54

Source: own study.

In the case of the petrol market (including the market of low-emission automobiles) in
the years 2014–2019, the following changes could be observed (Table 3):

• This market increased by 3.6 million cars, reaching 9 million cars in 2019;
• In the same period, the number of sold diesel engine automobiles dropped by almost

2 million;
• The number of electric cars within the 6-year period increased to 458,915 vehicles;
• In 2019, the number of sold hybrid electric vehicles was 720,260 higher compared to

the year 2014.
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Table 3. New cars registered in the EU depending on the type of fuel in the years 2013–2019.

Engine Type 2014 2015 2016 2017 2018 2019 2014 = 100

Petroleum 5,358,452 6,036,564 6,800,116 7,563,739 8,521,418 8,964,034 167.29
Diesel 6,599,462 7,039,611 7,175,630 6,617,051 5,402,079 4,650,558 70.47
Electrically charged including: 69,958 148,027 155,634 218,083 300,258 458,915 655.99
• Electric batteries; 37,517 59,165 63,479 97,667 147,428 284,812 759.15
• Plug-in hybrids. 32,441 88,862 92,155 120,416 152,830 174,103 536.68

Hybrid Electric Vehicles 176,525 218,755 278,729 426,769 598,462 896,785 508.02
Fuel cell 38 176 123 253 266 535 1407.89
Natural gas (CNG) 97,214 78,511 57,609 49,553 65,023 68,581 70.55
Other (LPG + E85) 141,452 140,321 118,430 156,710 164,270 187,378 132.47

Source: own study.

The further part of this study presents the results of a cluster analysis, which was
conducted based on values of variables concerning the year 2019. In the first step of these
analyses, the variables were subjected to zero unitisation. Its results are given in Table 4.
On their basis the following conclusions may be drawn:

• Sweden was the country characterised by the highest share (in %) of use of renewable
energy sources in transport and the share (in %) in the market of electric lorries.

• The greatest share (in %) in the market of electric passenger vehicles was recorded in
the Netherlands, while it was lowest in Estonia.

• In as many as 14 countries (AT, CZ, EE, GR, HU, IE, LV, NL, PL, PT, RO, SK, SI, SW),
the share (in %) in the market of hybrid lorries was 0.00.

• The lowest average CO2 emissions (in g CO2/km) from new passenger cars were
recorded in the Netherlands, while from new lorries the lowest emissions were
recorded in Portugal.

Table 4. Normalised values of variables included in this study.

Country x1 x2 x3 x4 x5 x6 x7

AT 0.23 0.22 0.36 0.15 0.00 0.23 0.10
BE 0.11 0.20 0.16 0.04 0.07 0.34 0.35
CZ 0.14 0.01 0.04 0.03 0.00 0.13 0.07
DK 0.12 0.27 0.28 0.15 1.00 0.61 0.55
EE 0.08 0.00 0.00 0.49 0.00 0.09 0.47
FI 0.39 0.45 0.12 1.00 0.07 0.52 0.23
FR 0.20 0.17 0.64 0.19 0.29 0.56 0.64
GE 0.14 0.18 0.84 0.24 0.07 0.06 0.06
GR 0.00 0.01 0.00 0.28 0.00 0.51 0.48
HU 0.15 0.11 0.08 0.28 0.00 0.05 0.43
IE 0.19 0.26 0.48 0.55 0.00 0.55 0.51
IT 0.19 0.04 0.20 0.27 0.50 0.40 0.55
LV 0.02 0.01 0.00 0.44 0.00 0.16 0.33
NL 0.32 1.00 0.64 0.34 0.00 1.00 0.04
PL 0.08 0.01 0.04 0.39 0.00 0.04 0.12
PT 0.19 0.37 0.20 0.13 0.00 0.69 1.00
RO 0.14 0.04 0.04 0.17 0.00 0.26 0.47
SK 0.16 0.01 0.08 0.13 0.00 0.00 0.00
SI 0.15 0.04 0.12 0.00 0.00 0.28 0.21
SE 0.14 0.07 0.32 0.54 0.21 0.35 0.69
SW 1.00 0.75 1.00 0.53 0.00 0.39 0.40

Source: own study.

The aim of the conducted cluster analysis was to classify selected EU countries into
groups differing in the degree of use of innovative energy technologies alleviating negative
externalities generated by road transport. The distinguished groups should meet the criteria
of internal cohesion, i.e., homogeneity and external isolation (heterogeneity). Figure 4
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presents a dendrogram showing the obtained hierarchy of clusters. The horizontal axis
represents countries constituting the study sample, while the vertical axis indicates the
distance of the linkage, in this case the Euclidean distance.

 

Figure 4. The dendrogram of hierarchical clustering using Ward’s method for selected countries from
EU. Source: own study.

In order to determine the optimal number of clusters, the graph of agglomeration was
used, which presents the distance between clusters at the time of their grouping (Figure 5).
The cut-off point was established at the point of a sudden increase in the distance of linkage.
In the analysed case, it was between step 18 and 19. Their ordinate corresponds to the
distance between linkages amounting to approx. 1.40. For this reason, it was possible to
distinguish four clusters (see the broken red line in Figure 4). Their characteristics are given
in Table 5.

 

Figure 5. A graph of the distance of linkage in relation to linkage stages. Source: own study.
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Table 5. Mean values of variables included in this study at the cross-section of four clusters (legend:
green colour marks the highest values for stimulants and the lowest for destimulants; red colour
denotes the lowest values for stimulants and the highest values for destimulants).

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4

x1 18.98% 8.50% 6.16% 8.11%
x2 11.07% 3.18% 0.75% 1.92%
x3 1.57% 0.98% 0.17% 0.77%
x4 9.53% 6.07% 6.47% 3.85%
x5 0.03% 0.47% 0.00% 0.03%
x6 111.13 g CO2/km 114.95 g CO2/km 126.95 g CO2/km 127.33 g CO2/km
x7 166.13 g CO2/km 150.50 g CO2/km 160.40 g CO2/km 169.53 g CO2/km

Source: own study.

Cluster 1 comprises three countries: Sweden, the Netherlands and Finland. Compared
to the others, this group was characterised by the highest values of four indexes, i.e., the
share of use of renewable energy sources in transport in 2019 (on average, 18.98%), the
share in the market of electric passenger vehicles in 2019 (on average, 11.07%), the share in
the market of electric lorries in 2019 (on average, 1.57%), as well as the share in the market
of hybrid passenger vehicles in 2019 (on average, 9.53%). Moreover, in those countries in
2019, new lorries emitted the lowest amounts of g CO2/km, i.e., 111.13. Thus, it may be
stated that this cluster consists of the countries which used innovative energy technologies
to the greatest degree to alleviate negative externalities generated by road transport. It
needs to be stressed here that in particular, Sweden and Finland, as a rule, are superior
to the other EU countries in the realisation of the Green Deal policies. Based on the study
conducted by Kisielińska et al. (2021) using the TOPSIS analysis Luxembourg, Austria and
Sweden were definite leaders in the use of renewable energy sources in road transport.
High values of these indexes were also observed in Finland, France and Germany. This
may result, e.g., from the fact that by 2040, Sweden intends to use 100% renewable energy
sources [78]. In turn, in Finland, the National Energy and Climate Strategy has been in
force since 2017 [79], supporting transition to renewable energy sources (RES). Based on
the results obtained, the authors’ hypothesis was confirmed.

In turn, cluster 3 was the cluster which was distinguished by the lowest values of
variables x1, x2, x3, x5 and the highest value of variable x5, and it was formed by Romania,
Hungary, Greece, Poland, Latvia and Estonia. It may be stated that these are the countries
which were least involved in the alleviation of negative externalities generated by road
transport. For example, in 2019, Greece was distinguished by the lowest share of renewable
energy sources used in transport (4.05%), Estonia by the lowest share in the market of
electric passenger vehicles (0.30%), while Latvia, similar to Greece and Estonia, had the
lowest share in the market of electric lorries (0.10%).

We also need to stress the fact that in 2019, countries such as Germany, Slovakia,
Czechia, Slovenia, Belgium and Austria (cluster 4) recorded the highest CO2 emissions
from new passenger cars and from lorries in (g CO2/km). In the case of Slovakia, it was
133.4 g CO2/km for new passenger vehicles and 174.3 g CO2/km for new lorries. At
the same time, these were the highest values of these indexes for the analysed group of
EU countries.

5. Conclusions

The use of innovative energy technologies in road transport became one of the main
goals realised by individual EU countries. The number of cars is growing from year to
year, resulting in increasing environmental pollution, while deposits of fossil fuels are
being depleted.

The aim of the article was to assess and divide selected EU countries into groups
differing in the degree of use of energy innovations offsetting negative externalities in road
transport. In pursuit of the objective, the national and international literature on energy
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innovations mitigating negative externalities in road transport was reviewed, changes in
the use of renewable energy sources in road transport in EU countries between 2013 and
2019 were presented, and leaders among EU countries in the use of energy innovations in
road transport were identified.

This article based on the conducted cluster analysis classified selected EU countries to
groups differing in the degree of use of innovative energy technologies alleviating negative
externalities generated by road transport. Three countries proved to be leaders—Sweden,
the Netherlands and Finland. Compared to the other groups, this group was distinguished
by the highest values of four indexes, i.e., the share of use of renewable energy sources
in transport in 2019 (on average, 18.98%), the share in the market of electric passenger
vehicles in 2019 (on average, 11.07%), the share in the market of electric lorries in 2019
(on average, 1.57%), and the share in the market of hybrid passenger vehicles in 2019 (on
average, 9.53%). Countries which had the lowest indexes of the clusters included Romania,
Hungary, Greece, Poland, Latvia and Estonia. Thus, the hypothesis stating that only a
few EU member countries can be described as leaders in the use of innovative energy
technologies in road transport was confirmed.

Based on the conducted study, it may be stated that (1) at present, introduction of
innovative energy technologies in road transport is the most advantageous option in terms
of alleviating negative externalities generated by road transport, (2) based on the analy-
ses, four groups of clusters were distinguished, (3) a small number of countries (Sweden,
the Netherlands and Finland—cluster 1) use innovative solutions (electric passenger vehi-
cles, hybrid passenger vehicles), (4) in 2019, some countries (cluster 4) (Germany, Slovakia,
Czechia, Slovenia, Belgium and Austria) were distinguished by the highest CO2 emissions
from new passenger cars and from new lorries, and (5) in order to increase the use of
innovative energy technologies in road transport, it is necessary to present their advantages
both for humans and the environment.

Despite the realisation of the aim of this article, it needs to be stressed that our study
nevertheless has some limitations. The analysis applying cluster analysis was conducted
on only three indexes, which were selected based on available data (purposive sampling).
Moreover, the division into five groups was applied; as a result, the range between relative
closeness indexes between the groups was not identical. Several limitations of the method
used should also be borne in mind. Hierarchical clustering methods do not require a prior
indication of the number of clusters, but they do require a lot of computing power. The
clusters are usually not formed on the basis of any theoretical part. The clusters are rather
formed at random. Furthermore, deciding on the right number of clusters is very difficult.
Indicating the correct intersection point of a dendrogram requires great precision.

Despite certain limitations, our study constitutes an interesting starting point for
future studies. The methodology used in this article may be used to assess the investigated
phenomenon in a few or more than a dozen years. Another suggestion would be to use our
approach but apply different methods in order to compare obtained results.
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22. Główny Urząd Statystyczny. Pojęcia Stosowane w Statystyce Publicznej. Available online: https://stat.gov.pl/metainformacje/

slownik-pojec/pojecia-stosowane-w-statystyce-publicznej/4253,pojecie.html (accessed on 5 July 2022).
23. International Renewable Energy Agency. Innovation Priorities to Transform the Energy System—An Overview for Policy Makers;

International Renewable Energy Agency: Abu Dhabi, United Arab Emirates, 2018; Volume 23. Available online: https://
www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/May/IRENA_Innovation_priorities_2018.pdf (accessed on
5 July 2022).
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Abstract: Risk disclosures contribute to financial stability by providing stakeholders with a better
understanding of companies’ risk exposures and risk management practices. Presently, corporate risk
has been accelerated by the COVID-19 pandemic, and the level of disclosure varies across industries,
companies, and organizations. Due to the strategic importance of the energy industry, the paper aims
to assess COVID-19-related risk disclosure in the biggest electricity companies in Central and Eastern
European countries, and to identify the main determinants of the disclosure. For this purpose, risk
disclosure was assessed based on publicly available data disclosed by the 10 biggest public electricity
companies operating in this region. Our findings indicate that factors such as the company’s size,
leverage, and profitability do not significantly affect COVID-19-related risk disclosure in financial
reports; nevertheless, COVID-19 risk disclosure in non-financial reports is significantly correlated
with the company’s assets and revenues. Moreover, there is a significantly strong positive relationship
between the scope of COVID-19-related risk disclosure in the management reports and the number
of women on the company’s management board. COVID-19-related risk disclosure in management
board’s reports is significantly higher than disclosure in non-financial reports and explanatory notes
of financial statements. Our results suggest that risk disclosure is needed to mitigate information
asymmetry, especially in pandemic situations.

Keywords: energy industry; electricity; COVID-19; risks; risk disclosure; determinants

1. Introduction

COVID-19 has been one of the most disruptive and transformative events in a gen-
eration. This pandemic has created a new kind of risk, which has resulted in logistical,
health, and financial issues that many companies did not see before. In particular, it made
business circumstances more volatile, unpredictable, and risky, which can be identified in
annual reports, and financial and non-financial disclosure. Corporate risk reports reveal
a forward-looking awareness of potential business risks related to the COVID-19 crisis,
which is leading to stock market developments. Nevertheless, the awareness of COVID-19
and corporate risk disclosure in this matter differs substantially between industries [1], as
well as among developed versus developing countries.

Corporate risk disclosure is the subject of numerous scientific studies. The research so
far concentrates on general risk disclosure issues, such as the corporate risk-related disclo-
sure practices in different countries [2–6], risk disclosure rules and determinants [3], [7,8],
corporate governance practices and their effect on risk disclosure [4], managers’ economic
incentives for risk reporting [9], and risk disclosures in the financial crisis [10]. Never-
theless, there is still a little research on risk disclosure in times of uncertainty such as
during pandemics [11].
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The COVID-19 pandemic opens a new chapter in risk management and corporate risk
disclosure. Its novum led to a high degree of uncertainty and huge challenges to the devel-
opment of the global economy, many industries, and companies. The research conducted so
far indicates that COVID-19-related risk disclosure has been explored from the perspective
of a particular country, such as the UK [1], the USA [12], Australia [13], and China [14]. In
turn, Roberts et al. [15] revealed that only 15.5 percent of companies disclosed anything
related to pandemic risk, whereas over 70 percent of reporting companies use a boilerplate,
providing minimal useful information to stakeholders. Companies had little incentive
to consider and/or disclose pandemic risk so only a few companies were doing so as a
practice [16]. Thus, this may imply difficulties in assessing the performance of enterprises
by their stakeholders, as well as intended use to conceal unfavorable information. Despite
existing regulations on disclosing financial and non-financial information about risks, there
is no standardized methodology for providing risk disclosures, which further complicates
the assessment of risks identified in a pandemic. This exposes a legislative gap regarding
reporting in crisis situations.

In this paper, we focus on the COVID-19 pandemic-related risk disclosure by electricity
companies, as well as on the company’s determinants on this risk disclosure. To the best of
our knowledge, there are no studies of risk disclosures by electricity companies in Central
and Eastern European Countries (CEECs). Moreover, there are no studies on the impact
of financial results on the scope of COVID-19 risk disclosure so far. There are also no
studies using corporate reporting theories to support the assessment of such disclosure.
In our opinion, the need to give stakeholders an account of the risks associated with a
sudden crisis, such as that of a pandemic, is connatural to the principles of sustainability.
Therefore, corporate COVID-19-related risk disclosure may be interpreted in the light of
theories of corporate financial reporting and sustainability reporting, such as legitimacy
theory, stakeholder theory, institutional theory, signaling theory and political cost theory,
as presented in this paper. Therefore, the research gap of the study is an existing research
niche in the field of assessment of corporate COVID-19-related risk disclosure and its
determinants, as well as their interpretation in the light of corporate reporting theory.

Our research is focused on the energy sector due to its specific business risk and its
huge importance to the economy’s stability, as well as its environmental sensitivity. The
energy industry is one of the most essential pillar industries of economies, and thus the
COVID-19 pandemic has affected the energy industry on all fronts [17]. Sudden lifestyle
change has dramatically increased the residential electricity demand and reduced electricity
demand in business and industry and that eventually affects the national energy demand
profile, and also, the results affect energy cost [16]. COVID-19 has heavily impacted stock
prices in the energy sector, with this industry among the worst affected [17]. According to
some research [18], companies in the energy sector publish higher-quality integrated reports
than companies in the other sectors; nevertheless, risk disclosures’ completeness depends
on the operation sector. Moreover, the energy sector is one of the least COVID-19-related
risk disclosure sectors [15].

The hierarchy of energy corporate risk factors developed by [19] indicates that each of
the nine energy subsectors has a different number of risk factor types. According to this
research, the electricity subsector is characterized by the greatest number of risks (after oil
and gas) [19]. The other business risk for this subsector is economic transformation toward
greener energy in sustainable development. In particular, the EU Taxonomy compass indi-
cates electricity generation using solar photovoltaic technology, concentrated solar power
technology, as well as electricity generation from wind power, ocean energy technologies,
and hydropower, geothermal energy, from renewable non-fossil gaseous and liquid fuels,
and bioenergy. This energy transformation risk has been accelerated by the COVID-19 pan-
demic [16,20]. At the same time, proliferation of transparency and accountability initiatives
in the energy sector are on the rise, including international accounting standards which
require more disclosure specifically for energy projects. Thus, proper sustainability risk
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disclosures are “the most urgent challenge in relation to disclosure and transparency” for
the energy industry [21].

The paper aims to assess the COVID-19-related risk disclosure in the biggest electricity
companies in Central and Eastern European Countries and to identify the main determi-
nants of the disclosure. This study refers to disclosure issued in the electricity sector in
this region, and in particular, it aims to examine whether electricity companies identify
their relevant COVID-19-related risk, and whether they attempt to evaluate it and publicly
disclose it in financial statements or other reports (like annual reports, management com-
mentary, sustainability reports, integrated reports, and non-financial reports). The paper
presents the results of an empirical study of corporate COVID-19-related risk disclosure,
assessed and measured based on publicly available data disclosed by the 10 biggest public
electricity companies in CEECs (the biggest companies by revenue come from Poland, the
Czech Republic, and Romania).

This study may potentially contribute to the scientific and practical debate on the
impact of the COVID-19 pandemic on the energy sector in several dimensions. First, as
a comparison between different countries, it offers a deeper consideration of the features
of the electricity subsector and its risks in the energy market in Central and Eastern
Europe. The second contribution of this research is the implementation of a unique research
approach in the risk management area—using textual content analysis as a research method
we obtained qualitative information in a structured way, which helps to compare difficult
to compare narrative disclosure. This study relies on a set of hand-collected data disclosed
by energy companies in their reports. This study also contributes to risk management-
related literature by offering a broader context of the examination of electricity companies’
risk assessment and risk management strategies. Therefore, the research results can be a
valuable practical guide for electric companies that are going to prepare their risk reporting
under the EU Taxonomy, including reporting according to the Corporate Sustainability
Reporting Directive (in annual reports for 2023 and beyond).

The paper is organized as follows. The second section provides a practical and theo-
retical framework for the research by explaining the premises for the growing importance
of corporate risk disclosures in practice and science, and concludes with research hypothe-
ses’ development. The third section explains the methodology of the empirical research,
whereas the fourth and fifth sections present and discuss the results. The final part presents
theoretical and practical implications and limitations, and implications for future research.

2. Practical and Theoretical Underpinning, Literature Review, and Hypotheses Development
2.1. Practical Premises of COVID-19-Related Risk Disclosure

The harmonization process of non-financial disclosure, including risk disclosure, is
ongoing, and its completion will contribute to increasing transparency and enhancing the
discipline of the market [22]; thanks to this, investors consider increased risk disclosure
important for their portfolio investment decisions (i.e., [23,24]). Nevertheless, many com-
panies are still reluctant to provide risk disclosure [22]. This phenomenon may result from
voluntary non-financial disclosure, but also from micro factors related to the entity’s size,
its organizational culture, and the financial situation [25–30], as well as from differences
between countries and macro factors (i.e., political, historical, environmental, socio-cultural,
and ethical) (i.e., [31,32]). The 2019 coronavirus pandemic is a new important material
factor determining corporate risk, risk management, and risk disclosure.

Presently, in the pandemic’s time, COVID-19 will rank among the greatest challenges
and risks many executives will have faced [12], and it implies numerous risks related to run-
ning a business. A widespread health crisis with the unprecedented number of deaths and
hospitalizations, and the implementation of protection measures (e.g., quarantines, regional
lockdowns, and social distancing) to contain this pandemic have challenged the growth
of global economic and business activity [33]. It has resulted in economic slowdowns,
widespread business disruptions, and significant hardship [34]. According to [35], there
are two main effects of the coronavirus on business activities. First, the spread of the virus
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encouraged social distancing which led to the shutdown of financial markets, corporate
offices, businesses, and events. Second, the heightened business uncertainty led to a flight
to safety in consumption and investment. Thus, this crisis has had a material effect on all
business operations, including energy price volatility, collateral effects on the finance and
banking industries, slower corporate activity, decline in consumer confidence, disruptions
with contract manufacturers and disruptions or delays in shipments, reduced corporate
profits and capital spending, trouble with the workforce, and soaring inflation. Despite such
negative impacts, the COVID-19 crisis also presents unique opportunities for entrepreneurs
to come up with creative disruption for the benefit of individuals, organizations, and
society [36], used to rebuild the business.

Corporate results will depend to a large degree on future developments of pandemics,
which are highly uncertain and cannot be predicted. Thus, corporate risk disclosure
becomes more important to capital markets and investors looking for information on
portfolio balancing, and ipso facto reporting issuers are expected to reveal specific references
to the corona virus’s current and possible future impact on an entity’s business. Therefore,
the financial and reputational consequences of failing to adequately disclose information
can be significant. At this moment, risk factors relating to the impact of COVID-19 and the
pandemic may be revealed in public information in a financial statement, management’s
discussion and analysis, and voluntary non-financial disclosure since the coronavirus
disease outbreak in 2019.

Risk disclosures have contributed to financial stability by providing stakeholders with
a better understanding of companies’ risk exposures and risk management practices, for
many years. Therefore, various regulators all over the world, in response to the crisis,
released disclosure guidance public companies need to address trends and risks that
could reasonably affect their financial statements, operations, and business in general.
Nevertheless, there is no standardized methodology for corporate risk disclosures that
harmonizes corporate disclosure levels, mandatory and voluntary, financial and narrative.
Moreover, this uncertain time with no generally accepted rules on risk disclosure may
encourage companies to deliberately distort or omit the disclosure of unfavorable (such
as threatening risks) information. Even more, according to [37], corporate fraud in the
post-pandemic era is becoming more sophisticated and insidious. Therefore, the significant
impact of COVID-19 on business activity determines new tasks for reporting issues such as
in public companies. The novum of COVID-19 implicates unpredictable risks that are not
easily extracted.

The research so far indicates the following determinants of COVID-19 risk
disclosure [1,2,7,10,38]: the country development level, corporate size, and board inde-
pendence are positively and significantly associated with the extent of voluntary risk
disclosure [10];

- the country development level, corporate size, and board independence are positively
and significantly associated with the extent of voluntary risk disclosure [10];

- risk reporting practices differ among countries, i.e., in the UK and the USA risk
reporting practices are consistently better than overall practices, regarding qualitative
information as well as quantitative information on risk types [38];

- there is a significant positive relationship between the COVID-19 disclosure and the
firm performance disclosure in the annual reports [1].

- both board independence and gender diversity moderate the relationship between
the COVID-19-related information and the level of performance disclosure in the
annual reports [1];

- the level of COVID-19 disclosure varies from industry to industry; corona-related risk
topics and their perceived relevance for different industries can be identified [1];

- cross-country variation in risk disclosure attributes can only partly be linked to domestic
disclosure regulation, suggesting that risk disclosure incentives play an important role [7];

- the more detailed risk disclosure provided in the integrated reporting in comparison
with management commentary [39];
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- there is a positive relationship between COVID-19 disclosure and uncertainty in
annual reports [1];

- companies appear to manage their reputation through disclosure of risk-related
information [2];

- the presence of independent directors improves the level of risk-related disclosure [2].

Moreover, firms with larger boards exhibit more significant uncertainty in annual reports
with COVID-19 disclosure; however, the significance of uncertainty in annual reports with
COVID-19 disclosure remains at the same level as different board independence percentages [1].

2.2. Theoretical Premises of COVID-19—Related Risk Disclosure

COVID-19-related risk disclosure, although a completely new phenomenon in busi-
ness, may be embedded in basic theories of corporate reporting and disclosure. Corporate
risk disclosure spans a great range of information and addresses various reasons and
dynamics for providing such information and it is a tool in a complex market situation
created for demand and supply of information [40]. Assuming that this situation incorpo-
rates information asymmetry, adverse selection, and unequal access to information, the
risk disclosure may be perceived in the context of system-oriented theories, including
legitimacy theory, stakeholder theory and institutional theory, as well as in the context of
manager incentives theories (agency theory, signaling theory, and political cost theory).
Importantly in international research, environmental factors cause the differences in the
corporate reporting environment from one country to another, and subsequently corporate
disclosure and the application of its theories will differ among countries [40].

Stakeholder theory forms a theoretical foundation in which to analyze the impact
of prior economic performance, strategic posture toward social responsibility activities,
and the intensity of stakeholder power on levels of corporate social disclosure [41]. The
normative and instrumental aspects of its theory [42] allow us to interpret risk disclosure,
in particular COVID-19 -related risk disclosure, in three aspects [43]:

- descriptive aspect—to assess the reporting behavior of a company paying attention to
the combination of competing interests of the company and its stakeholders;

- instrumental aspect—to evaluate the achievement of organizational goals and their
presentation through reporting;

- normative aspect—to assess compliance with standards and rules based on moral
principles assuming that stakeholders have a mandate to influence the organization,
and present their expectations which are of significant value to the company.

Legitimacy theory, in turn, sees the risk disclosure as a way for a company to legitimize
its existence to society [44–47]. It looks at society as a whole, while the stakeholder theory
recognizes some selective groups within the society to be more powerful than others [48].
Thus, risk disclosure may be presented to enhance legitimacy for two major reasons: first,
by fulfilling institutional pressures to assure the effectiveness of market discipline; and
second, by managing stakeholder perception of a corporation’s reputation [47]. According
to [48], legitimacy theory seems to be more suitable for organizations working in developed
countries, on the other hand, stakeholder theory appears to be most suitable for organiza-
tions working in developing countries. Moreover, in less developed countries, a corporation
can manage its stakeholders and the pressure to comply with existing legislation is less as
compared to the developed countries [48].

According to institutional theory, companies disclose their risk information because
of institutional pressure [43–47]. The institutional theory suggests that organizations are
influenced by their institutional contexts, which consist of socially constructed norms,
myths or rationales [43]. So risk disclosure may not be purely an economic decision,
particularly when social and political aspects also need to be considered, and thus man-
agers may consider mimicking other companies’ disclosures particularly companies with
good reputations, signaling that their risk management systems are equivalent to the
industry standard [49].
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Manager incentives theories suggest that managers would like to reduce information
asymmetry by disclosing more information. Signaling theory may perceive risk disclosure
as an instrument for gaining a competitive advantage, because it assumes that companies
give information voluntarily to the capital market in order for firms to compete successfully
in the market for risk capital [48]. Agency theory, in turn, conceives of disclosure as a
mechanism which decreases the costs resulting from conflicts between managers and
shareholders (compensation contracts) and from conflicts between the firm and its creditors
(debt contracts) [50].

Due to political cost theory, certain groups of voters have an incentive to lobby for the
nationalization, expropriation, break-up, or regulation of an industry or corporation [51].
It means that by avoiding the attention that “high” profits draw attention because of the
public’s association of high reported profits and monopoly rents, management can reduce
the likelihood of adverse political actions and, therefore, reduce its expected costs [51].
Therefore, business organizations have to be concerned with different socio-political factors
that raise cost and controversy [52]. Political cost theory assumes that as larger firms are
subject to larger public visibility, which causes them to be exposed to greater regulatory
actions by the government or to be expected to take more social responsibility [53,54]. This
size hypothesis emphasizes the concern of the press and politicians with size of profits and
potential monopoly abuses, highlight that companies with high profits are “obvious targets
for public criticism” [53].

Such multi-theoretical perspectives of risk disclosure help to develop the hypothesis
of the paper.

2.3. Hypotheses Development

Due to the level of COVID-19 risk disclosure varying from industry to industry [1], we
choose the energy sector because—according to the authors’ knowledge—no prior work
has fully determined COVID-19 risk disclosure in this industry. Energy companies are
often perceived as the riskiest type of companies to invest in [55,56], and they are exposed
to various risk factors. During the COVID-19 pandemic, the energy sector suffered from a
higher risk perception [57], and the crisis influenced the energy market structure [58–61].
Moreover, the global spreading of COVID-19 caused numerous impacts on the sustainability
of worldwide production and consumption of various commodities, which also contributed
to the growing expectations of transforming energy companies by many stakeholders, such
as governments, policymakers, and international organizations worldwide, to increase the
use of renewable energy sources and improvement of energy efficiency. We also focus on
electricity companies because of the business challenges they will face in making several
transformations in the coming years [62,63]. All analyzed countries have put in a lot of effort
in recent years to adjust their energy systems to the European Union energy policy, which is
to create an internal energy market for all Member States. Moreover, after the accession to
the EU, they have taken the responsibility to reduce emissions of environmentally harmful
greenhouse gases, which requires a large investment in the construction and modernization
of the existing outdated energy infrastructure [64,65].

Taking into account the above premises, we base our empirical study on research
results [19] that reveals electricity subsector is characterized by the greatest number of risks
in the energy sector (after oil and gas), and its risk factors and their importance proportion
are following: financial condition (14.45%), energy price (12.00%), regulation (11.99%),
power transmission (9.00%), M&A (8.95%), capital market (6.20%), the stock market (5.17%),
weather conditions (5.12%), cost (5.01%), and obligations (4.99%). Therefore, we analyze the
content of COVID-19-related risk disclosure of the biggest public electricity companies by
revenue from CEECs (the analysis of the revenue indicated public companies from Poland,
the Czech Republic, and Romania) in the light of the following determinants:

1. corporate size,
2. leverage,
3. corporate profitability,
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4. board gender diversity (number of women on board),
5. the way/the method of most risk disclosure (financial statement, management com-

mentary, integrated report, non-financial report)

2.3.1. Corporate Size

The larger firms may have greater incentives to disclose more information to reduce
agency costs, hence reducing information asymmetries between managers and sharehold-
ers [6]. Previous risk disclosure studies found that a relationship between the company’s
size and the level of risk disclosures exists. For example, a company’s size has a significant
positive effect on corporate risk disclosure in the UK [29], in Portugal [2], and in Italy,
size was positively related to the number of risk disclosures but no association was found
between quality of risk disclosure and size in Italy [66], in Malawi [67], in Malaysia [68], in
banks of emerging Islamic countries [3], in Japan [69], Greece [5], the USA, UK, Germany,
Canada [7], India [4], China [70], the Netherlands [9], manufacturing companies in key
South-East Asian countries [10], non-Asian countries [15], and in 20 European countries [8].

Risk disclosure was not related to size in the UK [6], Italy [66], the UK FTSE compa-
nies [71], in Sub-Saharan Africa [72], and China [14].

Exploring the relationship between COVID-19 disclosure and total assets as the mea-
sure of the company’s size in UK companies, no significant relation was found [1].

Given the above, hypothesis 1 (H1) can be formulated as follows:

Hypothesis 1 (H1). There is a positive relationship between theelectricity company’s size and the
scope of COVID-19-related risk disclosure.

2.3.2. Leverage

Considering the agency theory perspective, creditors of highly leveraged companies
should have greater incentives to recommend that management disclose more information.
Agency theory predicts that corporate disclosure is expected to increase with leverage [5,6].
However, the empirical evidence for this hypothesis is contradictory [6]. For example, a
company’s leverage has a significant positive effect on corporate risk disclosure in Por-
tugal [2], and gearing was positively related to the number of risk disclosures, but no
association was found between the quality of risk disclosure and gearing in Malawi [67],
the USA, UK, Germany, and Canada [7], and capital structure is significantly and neg-
atively related to quantitative risk information in Chinese financial companies [70], in
the Netherlands [9], and in 20 European countries [8]. However, leverage was found to
have an insignificant association with the level of risk disclosure in the UK [6,29], in UK
FTSE companies [71], in Australia [73,74], in Sub-Saharan Africa [72], in Greece [5], and in
China [14]. According to the other research, the leverage control variable is significant, but
the opposite—companies, which have more leverage, disclose fewer risk disclosures, not
more [10]. These arguments lead to the following second hypothesis:

Hypothesis 2 (H2). There is a positive relationship between the electricity company’s leverage and
COVID-19-related risk disclosure.

2.3.3. Corporate Profitability

According to agency theory and political cost theory, companies with more profit may
be more encouraged or forced to present more risk disclosure. Profitability is significantly
positively associated with risk disclosure in Netherlands [9], in Australia [73], [74], and
in Sub-Saharan Africa [72]. The results also show that there is no significant relationship
between the number of risk disclosure and the level of the relative profitability of the sample
companies in Japan [69], manufacturing companies in key South-East Asian countries [10],
in 20 European countries [8], in Polish energy companies [75], China [14], and in UK
companies [1,76]. The results indicate a negative and significant association between firm
growth (FG) and corporate risk disclosure [4]. These results lead to the third hypothesis:
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Hypothesis 3 (H3). There is a positive relationship between the electricity company’s profitability
and COVID-19-related risk disclosure.

2.3.4. The Board Gender Diversity (Number of Women on Board)

Gender on the management board may explain differences in companies’ behavior.
Nielsen and Huse [77] found that women directors influence board strategic involvement
through their contribution to board decision-making, which in turn depends on women
directors’ professional experience and the different values they bring. Women on the board
made a positive and significant impact on risk disclosure in India [4], and COVID-19 dis-
closure and performance information is higher when there are a higher number of women
on the board in UK FTSE non-financial firms [1]. The presence of women on the board was
not significantly related to the extent of CSR disclosure in a US context [78]. Women on
the board and CEO duality impact ESG disclosure negatively in Latino America [79]. The
above arguments lead to the following fourth hypothesis:

Hypothesis 4 (H4). There is a positive relationship between the board gender diversity of the
electricity company and COVID-19-related risk disclosure.

2.3.5. The Form of Risk Disclosure

COVID-19-related risk disclosure may be published in different statements of the
company’s annual reporting. Analyzing big companies, it can be stated that they disclose
financial and non-financial information in different statements, i.e., explanatory notes of
financial statements, management commentary, and non-financial (corporate social respon-
sibility or sustainability) reports. The content of company reports is regulated, but different
statements are regulated by different frameworks. Financial statements and explana-
tory notes to the financial statements are regulated by International Financial Reporting
Standards (IAS/IFRS), integrated reporting is regulated by the International Integrated
Reporting Council (IIRC) Framework, and social responsibility report is regulated by the
chosen framework, but the preparation of management commentary is not regulated by
any standards. Italian listed companies the more detailed risk disclosure provided in
the integrated reporting in comparison with management commentary [39]. The above
arguments lead to the following fifth hypothesis:

Hypothesis 5 (H5). COVID-19-related risk disclosure provided in the integrated reporting and
non-financial report is more detailed than risk disclosure in management commentary.

From this background, our paper tries to fill the actual gap, by investigating the level
of COVID-19-related risk disclosure and the determinants of the risk disclosure.

3. Research Design and Methods
3.1. Sample Selection

The sample consists of the companies obliged to follow the Directive 2014/95/EU on
the disclosure of non-financial and diversity information, exceeding both 500 employees
and one of the two-dimensional limits (total assets of 20 million EUR and total revenues of
40 million EUR). These are the first 10 largest listed energy (subsector electricity) companies
in CEECs, all with a revenue of above 250 EUR million. We collected data on COVID-
19-related risk disclosure of the electricity companies: from Poland (PGE S.A., Tauron
Polska Energia S.A. (Tauron PE S.A.), Enea S.A., Energa S.A., ZE PAK S.A., Polenergia
S.A., Kogeneracja S.A.), from Czech Republik-CEZ a. s., from Romania-Societatea Nation-
ala Nuclearelectrica (SNN Ro), Compania Nationala De Transport Al Energiei Electrice
Transelectrica (TRNS).

All included organizations have a fiscal year-end of 31 December. The source of the
list is the EMIS list published on 1 January 2022, online at the EMIS database [80].
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3.2. Variable Measurement and Data

The period for analysis of COVID-19-related risks disclosure was 2019–2020. This
period is significant because it includes the first years of the worldwide COVID-19 pandemic.
COVID-19-related risk disclosure analysis started in steps following a process similar to other
disclosure studies (e.g., [22,74]). The first step was to identify the disclosure sources from
where information will be collected. As annual reports are generally considered to be the
most important source of corporate information [5], based on the analyzed financial and
non-financial risk disclosure regulations, for our research we identified the following reports:

- financial statements,
- independent auditor’s reports,
- explanatory notes to the financial statements,
- management discussion and analysis (management board report, management report),
- non-financial information reports

Using the past literature approach, to measure the extent of COVID-19 -related risk
disclosure the authors chose to calculate sentences as the recording unit. We found all
sentences about COVID-19-related risk or its risk management information disclosed by the
chosen electricity companies. Sentences were included to analyze whether they mentioned
the current or future uncertainty of the situation because of the COVID-19 pandemic or its
consequences. Keywords such as ‘COVID‘, ‘pandemic’, ‘epidemic’, ‘SARS’, and ‘corona’
had to appear within any sentence to calculate it into the analysis. Our search was not
limited to the risk disclosure section, because risk-related information may be distributed
throughout the whole report [15,39]. It should be noted that our instrument captures risk
disclosure quantity and does not necessarily its quality [7,81].

Consistent with past studies [10], we define COVID-19-related Risk Disclosure (RD)
as the total number of sentences with at least one risk-related keyword:

RDi = ∑ RD_in_EN ij + ∑ RD_in_NFR ij + ∑ RD_in_MBR ij

where: RDi = total number of sentences containing COVID-19-related risk disclosure;
RD_in_ENij = number of financial risk sentences for the sentence attribute I in the jth
company; RD_in_NFRij = number of non-financial risk sentences for the sentence attribute I
in the jth company; RD_in_MBRij = number of risk management sentences for the sentence
attribute I in the jth company.

We define all the variables in Table 1.

Table 1. Variables and Their Definitions.

Independent Variable Definition

RD COVID-19-related risk disclosure measure.
RD_in_MBR COVID-19-related risk disclosure measure in Management Board Report
RD_in_EN COVID-19-related risk disclosure measure in Explanatory notes of financial statements of companies.

RD_in_NFR COVID-19-related risk disclosure measure in non-financial reporting (Social Responsibility Report, Non-financial
Report, Sustainability or Corporate Social Responsibility Report).

ASSETS Company’s size measured as the total assets in the end of the financial year.
REVENUE Company’s size measured as the total revenues at the end of the financial year.

LEVERAGE Company’s leverage measured as the total debt divided by total assets at the end of the financial year.
ROA Company’s profitability is measured by the return-on-assets ratio (ROA).

GENDER Gender is measured by the number of women in the company’s Management Board divided by the total members
of the Board.

Source: Own elaboration.

3.3. Statistical Tests

Spearman’s correlation coefficient has been calculated using SPSS for testing our hy-
potheses. The empirical model involved the estimation of Spearman correlation coefficients
and the following linear equation:

RD = β0 + β1 × ASSETS + β2 × LEVERAGE + β3 × ROA + β4 × GENDER
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To test the last hypothesis, we should use the basic parametric test of the normal
distribution—t-test or the basic nonparametric test Wilcoxon test, which uses the median
to calculate statistical significance. The t-test and Wilcoxon test analyze the hypotheses,
comparing the samples: disclosures in non-financial reporting and disclosures in man-
agement board’s reports. The t-test and Wilcoxon test evaluate by p-value. If the value is
higher than the chosen significance level, then null hypothesis H0—disclosed sentences in
non-financial reporting and management board’s reports do not differ will be accepted, and if the
p-value < 0.05, we can state that differences exist and conclude that disclosed sentences in
non-financial reporting and management board’s reports differ significantly.

The Kolmogorov–Smirnov and Shapiro–Wilk tests are used for the analysis of data
distributions. These tests were used to verify the normality of COVID-19-related risks
disclosure sentences. If the resulting p-value is less than the significance level (p < 0.01 or
0.05), the hypothesis that the data are distributed normally is confirmed.

If the t-test will show a significant difference between disclosures in reports, Cohen’s
D will be calculated because it measures the relative strength of the differences between the
means of two populations based on sample data. The calculated value of effect size is then
compared to Cohen’s standards of small (0.2), medium (0.5), and large (0.8) effect sizes.

4. Results

Table 2 shows the statistics for the variables analyzed. Some companies (Polenergia
S.A., Kogeneracja S.A., TRNS) did not disclose the COVID-19-related risk at all—two
companies that did not mention the pandemic in a single sentence in any of their 2019
reports. These companies prepared and presented their reports before the announcement
of the general quarantine, i.e., on 4 and 10 March.

Table 2. Descriptive Statistics.

Min Max Mean Median St. Deviation

RD 0 219 60.65 50.5 56.63
RD in MBR 0 86 29.8 23 31.17
RD in EN 0 111 23.8 18.5 26.81

RD in NFR 0 23 5.95 0 8.91
ASSETS 582.3 18234 7084 3052.45 8741

REVENUE 257.87 10296 3161.43 1699.88 3353.31
LEVERAGE 0.15 0.67 0.48 0.53 0.15

ROA −0.14 0.08 0 0.03 0.07
GENDER 0 0.2 0.12 0.14 0.11

Source: Own elaboration.

One company (Tauron PE S.A.) disclosed the most COVID-19-related risks in 219 sen-
tences in all reports in 2020, but the total average of disclosed sentences was only 60 sen-
tences. It should be mentioned that the statistics of COVID-19-related risk disclosures have
an important difference in 2019 and 2020 (Table 3).

We can conclude that all parameters (minimum, maximum, mean, median, and
standard deviation) of COVID-19-related risks disclosures in 2020 were higher than in
2019. Despite the similar values of minimum and maximum in 2019, only half of the
companies disclosed information in the management reports and only one company (CEZ
a. s.) disclosed information about COVID-19 in non-financial reporting in 12 sentences.
However, this company (CEZ a. s.) did not disclose information about COVID-19-related
risk in explanatory notes of financial statements, while other companies disclosed in 9
to 30 sentences such information in 2019 (Tauron PE S.A., Energa S.A. presented 29 and
30 sentences accordingly).
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Table 3. Descriptive Statistics in 2019 and 2020.

Min Max Mean Median St. Deviation

2019
RD 12 64 30.5 23 18.2

RD in MBR 0 34 10.6 6 14
RD in EN 0 30 17.7 18 10.6

RD in NFR 0 12 1.7 0 4.5
2020

RD 29 219 100.1 98 53.7
RD in MBR 9 97 52 54 28.3
RD in EN 0 111 35.2 27 32.9

RD in NFR 0 23 10.7 10 10.1
Source: Own elaboration.

For 2020, we have a very different disclosure situation because a year later, all the
researched companies already disclosed between 29 and 219 sentences about COVID-
19-related risks in their annual reports (TRNS and Polenergia, S.A. disclosed the least
information; Tauron PE S.A., ZE PAK S.A. disclosed the most information). Almost half
of the sentences were in reports of Management Boards, but the number of sentences was
evenly distributed, i.e., between 9 and 97 sentences. Then, only one company did not
present information about COVID-19-related risks in the Explanatory Notes of financial
statements, while other companies disclosed from 9 to 111 sentences containing such
information. Companies explained briefly the impact of the COVID-19 pandemic on the
going concern principle, financial risk, operational risk, and the activity of the company.
Non-financial reporting had a surprisingly weak amount of information about COVID-
19-related risk and its impact on companies’ social, and environmental activities and the
struggle against the pandemic situation because companies disclosed from 3 to 23 sentences,
while three companies did not disclose this information at all. Figures 1 and 2 show the
situation of the disclosure each year by each company.

In 2019, most disclosures were presented by Energa S.A. and Enea S.A. from Poland, in
explanatory notes for financial statement and management report, while Tauron PE S.A. only
used for this purpose explanatory notes. At the beginning of the pandemic, the companies
from Poland—Polenergia S.A., Kogeneracja S.A., as well as from Romania—TRNS did not
disclose their risks to stakeholders in their reports. The only company that disclosed the
risks in non-financial reports (and chose this as the only form of risk disclosure) was CEZ
a.s. from the Czech Republic. In 2020, in turn, all companies chose non-financial reports
as a way for risk disclosure, presenting it in parallel with explanatory notes for financial
statement and management report (although with a different disclosure structure).

Correlation analysis (Table 4) of all collected data showed that there are no relations
between COVID-19-related risks disclosures and control variables in 2019–2020 because no
significant correlation coefficients were found. However, we can identify that COVID-19
risk disclosure (RD_in_NFR) was significantly correlated with the company’s assets and
revenues and the correlation coefficient is about 0.45. That means that the company’s size
and disclosure of COVID-19-related risks in non-financial reporting are related as the first
hypothesis states.

As the data for 2019 and 2020 were very different, the authors found it useful to
calculate correlations separately for each year. However, calculations for 2019 did not find
any significant relationship between variables. The analysis of 2020 (see Table 5) showed the
significant relationship between the company’s assets and revenue and COVID-19-related
risk disclosure in explanatory notes of financial statements when the correlation coefficient
was about 0.71. In addition, a significantly strong positive relationship (coefficient 0.686)
was found between the COVID-19-related risk disclosure in the Management Board’s
reports and the number of women on the company’s management board.
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Table 4. Correlation Matrix.

RD RD_in
_MBR

RD_in
_EN

RD_in
_NFR ASSETS REVE-

NUE
LEVE-
RAGE ROA GEN-

DER

RD –
RD_in_MBR 0.921 ** –
RD_in_EN 0.746 ** 0.524 * –
RD_in_NFR 0.574 ** 0.456 * 0.272 –

Assets 0.147 0.007 0.052 0.449 * –
Revenue 0.185 0.007 0.067 0.452 * 0.869 ** –
Leverage 0.276 0.105 0.302 0.243 0.323 0.508 * –

Roa −0.178 0.001 −0.295 0.077 −0.222 −0.394 −0.514 * –
Gender −0.105 0.038 −0.362 −0.019 −0.350 −0.224 0.064 −0.003 –

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed). Source:
Own elaboration.
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Table 5. Correlation Matrix.

RD RD_in
_MBR

RD_in
_EN

RD_in
_NFR ASSETS REVE-

NUE
LEVE-
RAGE ROA GEN-

DER

RD –
RD_in_MBR 0.248 –
RD_in_EN 0.068 0.111 –
RD_in_NFR 0.406 0.522 0.354 –

Assets −0.212 −0.164 0.726 * 0.290 –
Revenue 0.018 −0.127 0.695 * 0.290 0.915 ** –
Leverage 0.146 0.146 0.148 0.291 0.280 0.486 –

Roa −0.109 −0.158 −0.037 −0.291 −0.061 −0.347 −0.616 –
Gender −0.037 −0.686 * −0.127 −0.418 −0.212 −0.150 0.031 −0.128 –

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed). Source:
Own elaboration.

The regression analysis of all data showed very weak prediction power because
R2 = 0.05, adjusted R2 = 0.202. Analyzing only 2020 data R2 = 0.09, adjusted R2 = 0.64
(see Tables 6 and 7), and further regression results we see that p levels are too high for
rejecting the null hypothesis. Therefore, we may accept H0 which means that we cannot
predict the dependent variable (RD—COVID-19-related risk disclosure) with features of
our companies such as the company’s assets, leverage, ROA, and the number of women in
the company’s management board.

Table 6. Model Summary.

Model R R Square Adjusted R Square Std. Error of the Estimate

1 0.299 a 0.090 −0.639 36.166
a Predictors: (Constant), GENDER, LEVERAGE, ASSETS, ROA Source: Own elaboration.

Table 7. Regression Results for RD as the Dependent Variable.

Model Unstandardized B Coefficients Std. Error Standardized Coefficients Beta t Sig.

1

(Constant) 54.830 51.653 1062 0.337
ASSETS −0.001 0.002 −0.194 −0.355 0.737

LEVERAGE 4815 115.746 0.027 0.042 0.968
ROA −71.984 228.416 −0.191 −0.315 0.765

GENDER −5084 100.512 −0.022 −0.051 0.962

Source: Own elaboration.

The regression analysis proved that the correlations obtained above are random.
Therefore, COVID-19-related risk disclosure in the biggest electricity companies cannot be
explained with the chosen variables. Our hypotheses should be rejected and it can be stated
that there is no relationship between the electricity company’s size, leverage, profitability,
and board gender diversity and COVID-19-related risk disclosure.

For testing the last hypothesis H5, we need another method. To compare two inde-
pendent, but related samples of one company usually t-test is used. Generally, the null
hypothesis for these samples’ t-test is that two variables have equal population means.

However, this test requires some assumptions: (1) independent observations, and
(2) normality—different scores must be normally distributed in the population if the sample
size is smaller than 25. Our COVID-19-related risk disclosures data hold independent
observations’ assumptions because each case holds a separate company that did not interact
with other companies. Since we have the sample consisting of 10 companies over two years,
we require the normality assumption. The Kolmogorov–Smirnov and Shapiro–Wilk tests
(Table 8) were used for testing the normality of the sample.
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Table 8. Test of Normality Distribution.

Kolmogorov–Smirnov Shapiro–Wilk
Statistic df Sig. Statistic df Sig.

ASSETS 0.228 20 0.007 0.757 20 0.000
REVENUE 0.271 20 0.000 0.805 20 0.001
LEVERAGE 0.180 20 0.088 0.914 20 0.075

ROA 0.180 20 0.090 0.873 20 0.013
GENDER 0.221 20 0.012 0.840 20 0.004

RD 0.176 20 0.104 0.884 20 0.021
RD_in_MBR 0.198 20 0.039 0.870 20 0.012
RD_in_EN 0.192 20 0.053 0.802 20 0.001
RD_in_NFR 0.348 20 0.000 0.683 20 0.000

Source: Own elaboration.

As the level of significance is p < 0.05, we can reject the null hypothesis and state
that our two samples are normally distributed. Disclosures of COVID-19-related risk in
non-financial and management board reports are likely to be normally distributed in the
population. This violates the normality assumption required by the t-test. This implies that
we should run a t-test on these reports (Table 9).

Table 9. Results of T-test.

Mean Std. Deviation Std. Error Mean
95% Confidence Interval

of the Difference T Df Sig. (2-Tailed)
Lower Upper

RD_in_MBR—
RD_in_NFR 23.850 28.147 6.294 10.677 37.023 3789 19 0.001

Source: Own elaboration.

We may conclude that the mean difference between risk disclosure in the Management
board’s reports and non-financial reporting is statistically significant because the level of
significance p is 0.001. Our t-test shows that COVID-19-related risk disclosure in manage-
ment board’s reports has a higher mean score than in non-financial reporting. Cohen’s D is
0.8473 which means that the size of the differences between the means for the two reports
is large. Therefore, H5 should be accepted.

5. Discussion

The COVID-19 pandemic has huge and wide-ranging effects, both on economies and
businesses. Governments and companies around the world are exposed to the resulting
risks for the highly interconnected global economy. Presently, the COVID-19 pandemic
states is a new risk component on top of economic and market uncertainty [82] that affects
electricity corporations. Therefore, electricity companies are the subject of the research
due to their importance in the energy market, as well as to the energy transformation
in the European Union. The largest public entities are accepted, counting on their ex-
emplary, transparent disclosures, constituting a model for smaller entities, with lower
quality standards of financial reporting. However, research shows significant gaps in
disclosures regarding risks and uncertainties during the pandemic, especially in financial
and non-financial reporting in 2019.

Considering the characteristics of CEECs, and their business environment, our research
tests whether the prevailing theories exist in regards to electricity markets, and it explains
the phenomena of corporate reporting and risk disclosure, including COVID-19 related risk,
from the perspective of public electricity companies. The obtained results in risk disclosure
let us compare corporate reporting in 2019 and 2020. As the pandemic began in the
beginning of 2020 and the economic uncertainty suddenly increased, most of the companies
were preparing their annual reports with the financial and non-financial results for 2019.
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Some companies published their annual reports for 2019 before the global quarantine
started, thus avoiding any news of impending risks and post-reporting events in that year’s
reports. Other companies were able to present the news as post-reporting events and
to describe the risks involved, mainly by describing the going concern principle and by
commenting on other financial information in the explanatory notes of financial statements.
The entities we surveyed presented only some sentences about COVID-19 related risk in the
management board’s reports, and only one company disclosed 12 sentences about COVID-
19 in non-financial reporting in 2019. This phenomenon proves that electricity companies
did not provide risk disclosures to stakeholders quickly and in detail. The results of our
research cannot be compared with the research on disclosures for 2019 published by energy
companies in other countries, as such studies are not available. Nevertheless, our results
are in line with the results of research on disclosures by Australian public universities,
which COVID-19 risk disclosure for 2019 was minimal in a qualitative, neutral and constant
format [13]. Our results are consistent with research results of UK FTSE non-financial
firms’ COVID-19 disclosures [1] which vary from industry to industry where energy sector
is one of three with the lowest COVID-19 disclosures. The identified weaknesses in risk
disclosure of 2019 annual reports is also similar to risk disclosure in all global companies
presented in [15]—only 6.7 percent of companies from energy sector 6.7 percent considered
the potential impact of pandemics.

In 2020, risk disclosures by electricity companies increased. All researched companies
disclose risk information, with the most disclosures presented in management board‘s
reports. As the research revealed, most electricity companies presented in their annual
reports the impact of the pandemic on both the financial and non-financial performance.
Nonetheless, key information regarding COVID-19 related risk were presented in the
financial statements, with much less scope in non-financial reports. Some companies even
disclosed no information about COVID-19 in their non-financial reporting. This reflects
incomplete disclosure and proves that template-based reporting does not take into account
new circumstances related to all spheres of sustainable development, also taking into
account social and environmental aspects.

The conducted correlation analysis found some significant relationships. COVID-19
risk disclosure in non-financial reporting was significantly correlated with the company’s
assets and revenues (what is in line with some research such as in [10,25–30]); nevertheless
we cannot say the same about the financial and management reporting. The disclosure
of COVID-19 related risk information in financial statements and management board’s
reports does not significantly related with company’s size. For 2020, significantly strong
relationship between the COVID-19-related risk disclosure in the management board’s
reports and the number of women on the company’s management board let us conclude
that the more diversity in the management board of the company, the most likelihood
that the company will disclose COVID-19 related risk in its report. The more women on
management board, the more information about COVID-19 is provided. These results fall
in line with the results obtained by [1,4] that empirically proved a positive and significant
impact of a higher number of women on board on risk disclosure.

Results of our research cannot confirm the fact that the risk disclosure of energy
sector companies is very qualitative and sufficient, as stated in the previous research [18],
comparing disclosures of Polish energy and non-energy companies in 2013–2018. According
to the authors [18] the integrated reports in the energy sector is of much higher quality
than reports in non-energy sector, and they exceed the legal requirements of disclosing
information. Our research; however, does not confirm this phenomenon in the list of
pandemic risk disclosures.

Based on the empirical results, we may conclude that at the beginning of the pandemic,
the level of risk disclosures was relatively low among the electricity companies, which
could have resulted from the surprise of the sudden outbreak of the pandemic. Subsequent
reports for 2020 indicate a significant improvement in risk disclosure, which may be
interpreted as a way of meeting the information expectations of the stakeholders as well
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as management of the reputation through disclosure of risk-related information, what
is suggested by [2]. The results of our study are contrary to those achieved e.g., by [39],
as the more detailed risk disclosure provided in the integrated reporting in comparison
with management commentary. Our research subjects disclose risk information mainly
in explanatory notes for financial statement and management report, with less use of
non-financial reporting for this purpose.

Based on regression analysis, we may conclude that we cannot predict the COVID-
19-related risk disclosure with features of our companies such as the company’s assets,
leverage, and ROA, as suggested in [1,30,76]. Therefore, the disclosure of COVID-19 related
risk information is more random than can be explained by any rule. Then unexpected
market situations are disclosed unexpectedly, and reporting does not react quickly to the
market changes. Nonetheless, for the electricity industry, risk management may be an
instrument for accountability and transparency, supporting stakeholder management.

6. Conclusions

The outbreak and rapid spread of COVID-19 have caused great challenges and risks
to electricity companies. This study is a voice in the debate on the growing importance of
risk reporting and the necessary legislative changes in this area. Our article makes several
contributions to the existing theory and research.

6.1. Theoretical Contributions

First, this study enriches the literature stream of theories used for interpreting manda-
tory and voluntary corporate disclosures. Using the perspective of the corporate reporting
theories (legitimacy theory, stakeholder theory, institutional theory, signaling theory and
political cost theory) the significance of risk disclosures, including COVID-19-related risk
disclosures, is assessed. The indicated weakness of risk disclosure is not yet perceived
in the electricity industry as a neither a competitive advantage nor a form of legitimacy,
but rather as additional forms of communications for stakeholders. Such an approach
is not basically in line with the positive theories explaining the behavior of enterprises
toward their stakeholders, nevertheless the pandemic broke out so suddenly and with
such force that companies may not have been prepared to quickly adjust their reports.
Moreover, our results may also suggest that CEECs have a less mature financial market
than developed countries in West. Our results are in line with the assumptions of Omran
and Ramdhony [48] that in less developed countries the stakeholder theory’s approach
is more suitable, because the information provided is more in line with stakeholders’ ex-
pectations and financial market information needs, and reduces information asymmetries.
It means that the normative aspect of stakeholder theory dominates over the descriptive
and instrumental aspects. Thus, our results are in contrast with research conducted on
Portuguese practices and risk disclosure [2], highlighting the desirability of enhancing
accountability by mandating further disclosure of substantive and relevant risk-related
information in annual reports.

Moreover, research results reveal that electricity firms disclose COVID-19 risk-related
information because they are obliged to do so by institutions, according to institutional
theory. Having in mind that the COVID-19 pandemic is an extraordinarily unexpected
situation for the global economy, it is difficult to judge why the biggest and most powerful
electricity companies in CEECs might not present risk in reports in 2019 in a proper way.
As the research proves, a large, profitable, and low-leveraged company is not more likely
to provide full disclosure of COVID-19 related risks. Moreover, the study does not confirm
that risk disclosure in the electricity industry works as a mechanism to control managers’
performance [50]. Therefore, agency theory and political cost theory could not explain the
companies’ disclosures, in particular in annual reports at the beginning of the pandemic.
Thus, the paper discusses theories that recognize actual features of the electricity market in
CEECs, mainly information asymmetry and business uncertainties.
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Second, this study contributes to the literature of risk reporting and risk management
responses to COVID-19 by comparing the scope of disclosures about risks in the largest
listed energy (subsector electricity) companies in CEECs in the light of a deeper consider-
ation of the features of the electricity subsector and its risks in the energy market in this
region. For this research a unique research approach in the risk management area is used in
the form of textual content analysis. This study also contributes to risk management-related
literature by filling the research gap concerning the impact of the COVID-19 pandemic on
risk disclosure.

Thirdly, this study supplements the literature of risk reporting to cope with this pan-
demic crisis from management’s perspective. Recent studies suggested various response
strategies in corporate reporting (like stakeholder capitalism [83]), this study extends it by
multi-theoretical approach to formulate a proper risk reporting in crisis. Thus, the research
may be interpreted in a broader context of the examination of electricity companies’ risk
assessment and risk management strategy. It may a be a crucial step toward filling a gap in
the theoretical background for corporate risk disclosure research in times of uncertainty.

6.2. Practical Contributions

This study may potentially contribute to the practical debate on the impact of the
COVID-19 pandemic on the energy sector. The research results were influenced by the
specificity of the electricity market in CEECs, an ownership structure with strong state
domination—governmental-owned companies may have weaker expectations of investors
toward the disclosure of risk, including the COVID-19 related risks for electricity companies,
whereas societal expectations during the pandemic were concentrated on costs and the price
of energy. Nevertheless, taking into account market trends in other industries [74,84,85],
risk management becomes an instrument of accountability and transparency, support-
ing stakeholder management. Managers in energy companies are expected to present
more transparent risk disclosure, “as the energy transition accelerates to be more just,
equitable and inclusive post COVID-19” [21]. Therefore, the research results may be a
valuable practical guide for managers in electricity companies that are going to prepare
their risk reporting.

Moreover, this study reveals that no standardized methodology for providing risk
disclosures results in a diversified scope of disclosures by companies, a different form
used, and thus limits the usefulness of the presented information for stakeholders and
complicates the assessment of risks identified. It exposes a legislative gap regarding
reporting in crisis situations.

6.3. Limitations

We acknowledge that this study is not without limitations. First, the sample selection
was limited to companies specifically recognized by the company’s assets and revenues,
which resulted in the analysis of only ten companies from three countries with a pre-
dominance of Polish companies in the sample. Therefore, this prevents us from drawing
conclusions about the differences between countries in risk disclosure in the electricity
sector. We focus only on one subsector because institutional investors prefer disclosure
of firm-specific risk rather than general business risks [24]. Moreover, although all an-
alyzed companies are obliged to follow the Directive 2014/95/EU on the disclosure of
non-financial and diversity information, they may reveal risk information as voluntary and
mandatory disclosures. Thus, the frameworks of risk disclosure may be different, then
the content may differ; thus, it resulted in limited comparability of data. In turn, content
analysis, the research method used in this study, also has limitations. Subjectivity could not
be eliminated; however, detailed rules and procedures were followed to minimize its effects.
In addition, content analysis measures only the quantity, not the quality, of risk disclosure.
More disclosure does not necessarily mean better information. Despite these limitations,
the findings from this study can provide insight into COVID-19-related risk disclosure.
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6.4. Implications for Future Research

As this study was concentrated on the extent of COVID-19 related risk disclosure,
future studies should examine the quality and quantity of risk disclosure in more detail.
The cross-national comparison among separated CEE countries could also be valuable to
better understanding of the specifics of electricity market in this region and the resulting
risk disclosures and impacts in particular CEE countries. Future research could also
focus on the analysis of the risk disclosure in longer lag period, as the tangible effects
of the COVID-19 pandemic may occur after many years and as the effect of a focused
stakeholder engagement that is supported by effective communication. A potential for
future research may be constituted by other theories than used in the paper, such as
behavioral and organizational disclosure theories as well as and resource-based theory,
conservative theory and utilitarian theory (like i.e., [86]). In addition, it may be valuable to
assess more determinants of COVID-19 related risk disclosure including attributes of the
management board, financial performance of the company, ownership, and structure.
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27. Zyznarska-Dworczak, B. The impact of the accountability on accounting development as the essence of sustainability accounting.
Probl. Manag. 2019, 14, 73–83. [CrossRef]

28. Samkin, G.; Wingard, C. Understanding systemic change in the context of the social and environmental disclosures of a
conservation organisation in a developing country. Account. Audit. Account. J. 2020, 34, 1275–1304. [CrossRef]

29. Linsley, P.M.; Shrives, P.J. Risk reporting: A study of risk disclosures in the annual reports of UK companies. Br. Account. Rev.
2006, 38, 387–404. [CrossRef]

30. Szczepankiewicz, E.I.; Loopesko, W.E.; Ullah, F. A Model of Risk Information Disclosures in Non-Financial Corporate Reports of
Socially Responsible Energy Companies in Poland. Energies 2022, 15, 2601. [CrossRef]

31. Buhr, N.; Freedma, M.N. Culture, Institutional Factors and Differences in Environmental Disclosure Between Canada and the
United States. Crit. Perspect. Account. 2001, 12, 293–322. [CrossRef]

32. Zyznarska-Dworczak, B. The development perspectives of sustainable management accounting in Central and Eastern European
countries. Sustainability 2018, 10, 1445. [CrossRef]

33. Kang, J.; Diao, Z.; Zanini, M.T. Business-to-business marketing responses to COVID-19 crisis: A business process perspective.
Mark. Intell. Plan. 2021, 39, 454–468. [CrossRef]

34. Alsharef, A.; Banerjee, S.; Uddin, S.M.J.; Albert, A.; Jaselskis, E. Early Impacts of the COVID-19 Pandemic on the United States
Construction Industry. Int. J. Environ. Res. Public Health 2021, 18, 1559. [CrossRef] [PubMed]

35. Ozili, P.K.; Arun, T. Munich Personal RePEc Archive Spillover of COVID-19: Impact on the Global Economy Spillover of
COVID-19: Impact on the Global Economy. MPRA Pap. 2020. [CrossRef]

36. Liu, Y.; Lee, J.M.; Lee, C. The challenges and opportunities of a global health crisis: The management and business implications of
COVID-19 from an Asian perspective. Asian Bus. Manag. 2020, 19, 277–297. [CrossRef]

37. Zhu, X.; Ao, X.; Qin, Z.; Chang, Y.; Liu, Y.; He, Q.; Li, J. Intelligent financial fraud detection practices in post-pandemic era.
Innovation 2021, 2, 100176. [CrossRef]

38. Savvides, S.C.; Savvidou, N. Market risk disclosures of banks: A cross-country study. Int. J. Organ. Anal. 2012, 20, 379–405.
[CrossRef]

39. Manes-Rossi, F.; Nicolo, G.; Orelli, R.L. Reshaping Risk Disclosure through Integrated Reporting: Evidence from Italian Early
Adopters. Int. J. Bus. Manag. 2017, 12, 11. [CrossRef]

40. Von Alberti-Alhtaybat, L.; Hutaibat, K.; Al-Htaybat, K. Mapping corporate disclosure theories. J. Financ. Report. Account. 2012, 10,
73–94. [CrossRef]

41. Roberts, R.W. Determinants of corporate social responsibility disclosure: An application of stakeholder theory. Account. Organ.
Soc. 1992, 17, 595–612. [CrossRef]

42. Castelo Branco, M.; Lima Rodriques, L. Positioning Stakeholder Theory within the Debate on Corporate Social Responsibility.
Electron. J. Bus. Ethics Organ. Stud. 2007, 12, 5–15.

43. Zyznarska-Dworczak, B. Accounting theories towards non-financial reporting. Stud. Ekon. 2018, 35, 157–169.
44. Zyznarska-Dworczak, B. Sustainability accounting—Cognitive and conceptual approach. Sustainability 2020, 12, 9936. [CrossRef]
45. Fernando, S.; Lawrence, S. A theoretical framework for CSR practices: Integrating legitimacy theory, stakeholder theory and

institutional theory. J. Theor. Account. Res. 2014, 10, 149–178.

37



Energies 2022, 15, 5810

46. Chen, J.C.; Roberts, R.W. Toward a More Coherent Understanding of the Organization–Society Relationship: A Theoretical
Consideration for Social and Environmental Accounting Research. J. Bus. Ethics 2010, 974, 651–665. [CrossRef]

47. Oliveira, J.; Rodrigues, L.L.; Craig, R. Voluntary risk reporting to enhance institutional and organizational legitimacy: Evidence
from Portuguese banks. J. Financ. Regul. Compliance 2011, 19, 271–289. [CrossRef]

48. Omran, D.; Ramdhony, M.A. Theoretical perspectives on corporate social responsibility disclosure: A critical review. Int. J.
Account. Financ. Rep. 2015, 5, 38–55. [CrossRef]

49. Abraham, S.; Shrives, P.J. Improving the relevance of risk factor disclosure in corporate annual reports. Br. Account. Rev. 2014, 46,
91–107. [CrossRef]

50. Rodrigues, L.M.P.d.; Oliveira, L.; Craig, R. Applying Voluntary Disclosure Theories to Intangibles Reporting: Evidence from the
Portuguese Stock Market. SSRN Electron. J. 2011. [CrossRef]

51. Watts, J.L.; Zimmerman, R.L. Towards a positive theory of the determination of accounting standards. Account. Rev. 1978, 52,
112–134.

52. Mahmood, Z.; Kouser, R.; Masud, M.A.K. An emerging economy perspective on corporate sustainability reporting—Main actors’
views on the current state of affairs in Pakistan. Asian J. Sustain. Soc. Responsib. 2019, 41, 8. [CrossRef]

53. Milne, M.J. Positive accounting theory, political costs And social disclosure analyses: A critical look. Crit. Perspect. Account. 2002,
13, 369–395. [CrossRef]

54. Belz, T.; Von Hagen, D.; Steffens, C. Taxes and firm size: Political cost or political power? J. Account. Lit. 2019, 42, 1–28. [CrossRef]
55. Mazzucato, M.; Semieniuk, G. Financing renewable energy: Who is financing what and why it matters. Technol. Forecast. Soc.

Change 2018, 127, 8–22. [CrossRef]
56. Sadorsky, P. Modeling renewable energy company risk. Energy Policy 2012, 40, 39–48. [CrossRef]
57. Boldeanu, F.T.; Clemente-Almendros, J.A.; Tache, I. Is ESG Relevant to Electricity Companies during Pandemics? A Case Study

on European Firms during COVID-19. Sustainability 2022, 14, 852. [CrossRef]
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Abstract: In this paper, using data from Romania, we analysed the changes in electricity consumption
generated during the COVID-19 crisis, and the measures taken against the spread of the coronavirus
to limit the effects of the pandemic. Using a seasonal autoregressive econometric model, we found
that, beyond seasonal (weekly, monthly, quarterly, yearly) effects, the average daily electricity real
consumption in Romania, during the state of the emergency period (16 March 16 to 14 May 2020)
decreased by −194.8 MW (about −2.9%), compared to the historical data (2006–March 2022), and
this decrease is not due to the action of some random factors, and it is not a manifestation of domain-
specific seasonality. The literature discusses the hypothesis that during the pandemic time, the profile
of daily electricity consumption on weekdays was close to the typical Sunday profile. We tested a
similar hypothesis for Romania. As a methodology, we tried to go beyond the simple interpretation
of statistics and graphics (as found in most papers) and we calculated some measures of distances
(the Mahalanobis distance, Manhattan distance) and similarity (coefficient of correlation, cosines
coefficient) between the vectors of daily electricity real consumptions, by hourly intervals. As the time
interval, we have analysed, for Romania, the electricity real consumption over the period January
2006–March 2022, by day of the week and within the day, by hourly intervals (5911 observations). We
found (not very strong) evidence supporting a hypothesis that, in the pandemic crisis, the profile of
electricity consumption approaches the weekend pattern only for the state of the emergency period,
and we could not find the same evidence for the state of the alert period (June 2020–March 2022). The
strongest closeness is to the hourly consumption pattern of Saturday. That is, for Romania, in terms
of electricity consumption, “under lockdown, every day is a Sunday” (Staffell) it is rather “under
lockdown, every day is (almost) a Saturday”! During the state of the alert period, consumption
returned to the pre-crisis profile. Since certain behaviours generated by the pandemic have been
maintained in the medium and long term (distance learning, working from home, online sales, etc.),
such studies can have policy implications, especially for setting energy policy measures (e.g., in
balancing load peaks).

Keywords: COVID-19; power system; hourly electricity consumption

1. Introduction

The COVID-19 pandemic has affected the economies of most countries worldwide.
Glennerster, Snyder, & Tan [1] estimated that the COVID-19 pandemic has caused a re-
duction in the global economic output by USD 13.8 trillion and has caused over 7 million
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deaths. Since March 2020, Romania, like other countries, especially in Europe, has imposed
specific measures to limit the spread of the SARS-CoV-2 coronavirus and for the medical
protection of the population. For this reason, by Decrees of the President of Romania, a
state of emergency was established from 16 March 2020 to 14 May 2020. After this date
and until 8 March 2022, the state of alert was established through successive decisions of
the Romanian Government. During the state of emergency, “taking into consideration the
fact that . . . an extraordinary situation, requires exceptional measures”, the two decrees
instituted measures in “public order, economic, health, and social protection sectors, in
justice and foreign affairs domains”; suspended “all educational activities which require
physical presence”; isolated people and quarantined localities; closed the border crossing
points and the airports; banned meetings, cultural, religious, scientific and sports activities;
limited the program of public alimentation units, and so on (in the Annex to the first Decree
there are 57 articles with prohibitions, limitations, and recommendations, and in the second,
there are 94 articles).

All these restrictions have severely affected economic activities, especially those that
involve physical contact between people. Given the nexus between economic activities and
energy, the dramatic decline in economic activities, especially during the state of emergency,
has also affected energy production and consumption. In Romania, Gross Domestic Product
(seasonally adjusted series) fell by −11% in the second quarter of 2020, compared to the
fourth quarter of 2019, and by 8.8% compared to the corresponding quarter of the previous
year (National Institute of Statistics, [2]). For the entirety of 2020, GDP fell by −3.7% (two
percentage points better than in the EU27, where the contraction was −5.7%), and the
decrease was recovered in 2021 (+5.1%, while in EU27, the growth was +5.4%)

According to Eurostat data (table nrg_bal_s), regarding energy, primary production
decreased in Romania from 24.5 million tonnes of oil equivalent (mil. toe) in 2019 to 22.4 mil.
toe in 2020 (−8.8%), while in the European Union—27 countries—the fall was −7.1%, and
in the Euro area—19 countries—it was −6.6%. The total primary energy consumption
decreased in Romania (2020/2019) from 32.1 to 30.9 mil. toe (−3.6%), less than in the EU27
(−8.7%) and Euro area (−9.6%). The final energy consumption decreased from 23.8 to
23.5 mil. toe (−1.5%), while at the level of the entire European Union, the decrease was
−8.1%, and in the Euro area, −9.3%.

The final energy consumption for economic activities fell from 16.121 mils. toe in 2019
to 15.505 mil. toe in 2020 (−3.8%), while for households, the final energy consumption has
grown from 7753 in 2019 to 8007 mil. toe in 2020, i.e., +3.3%, more than in the EU27 (+0.01%)
and Euro area (−0.44%) (National Institute of Statistics, [3]).

According to Eurostat data (table nrg_cb_e), net electricity production in Romania
decreased by −5.9% (2020/2019), more than in the EU27 (−4.03%) and recovered by 4%
in 2021 (+4.3 in the EU27). Likewise, total electricity final consumption in Romania fell
by −3.1% in 2020 (−3.9 for EU27, and −4.4% for the Euro area) and recovered in 2021
(+5.4%), slightly faster than in the EU27 and Euro area (+4.5%). Contrary to the evolution
of consumption in economic activities, the household’s final electricity consumption grew
by +4.9% in 2020, under pandemic restrictions, much more than in EU27 (+1.14%) and in
the Euro area (+1.03%).

Regarding the magnitude of the crisis induced by the pandemic, we mention the fact
that The Economist [4], estimated that, from March 2020 to October 2022, in Romania,
67,140 people died from COVID-19 and there were 132,530 excess deaths (674 excess
deaths/100,000 people, the seventh-highest rate worldwide).

In this paper, we estimated the impact of the COVID-19 crisis on electricity real
consumption in Romania. To this end, we built a seasonal autoregressive econometric
model and demonstrated that the drop in consumption generated by the pandemic was
not caused by random factors (the calculated value for the impact size was statistically
significant) and is not a period-specific effect (in the other years, no seasonal effect was
identified in the respective period). After searching, we did not find similar estimates in
the literature for Romania.
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Then, after analysing the average daily consumption, we evaluated a hypothesis
according to which the hourly structure of the actual electricity consumption on weekdays
did not differ significantly/came closer to the weekend pattern during the COVID-19 crisis.
Such a hypothesis has been present in the literature since the start of the COVID-19 crisis.
However, the approaches are mainly informed by examples and based on some intuitions
without a well-defined methodological basis. The original contribution of our paper
consists of discussing and applying a methodology for measuring the effect of the crisis.
The proposed methodology uses several techniques to measure the distance/similarity
between objects described by several attributes. Currently, such techniques are widely used
in the theory of shape analysis and pattern recognition (a fundamental paper in this area
was written by Biederman (1987) [5]); another is a book by Da Fontoura Costa and Cesar
(2000) [6], classification theory (Batley (2015) [7], Parrochia (2016) [8]), machine learning
(Bishop (2007) [9], Banoula (2022) [10]), web search engines (Yang and Gerasoulis (2014) [11],
Kameni Homte, Batchakui and Nkambou (2022) [12]), data mining (Han, Kamber, and
Pei (2012) [13], Tan et al. (2018) [14]), and information retrieval (Hjørland & Pedersen,
2005 [15]), artificial intelligence (Russell and Norvig (2020) [16], Manyika (2022) [17]), and
so on.

By applying four measures (two for distances, two for similarity), to assure method-
ological robustness, we found some similitude between the shape of electricity hourly real
consumption during the first phase of the COVID-19 crisis (the state of the emergency
period, i.e., 16 March 2020–14 May 2020), and a profile standard specific to weekend days
(as recorded for January 2006 to February 2020). Since certain behaviours generated by the
pandemic have been maintained in the medium and long term (distance learning, working
from home, online sales, etc.), such studies can have policy implications, especially with
regard to setting energy policy measures (e.g., in balancing load peaks).

2. Literature Review

Since March 2020, a vast amount of literature on the evolution and effects of the
COVID-19 pandemic has emerged. Many papers provide a literature review: Nicola et al.
(2020) [18], Alshater, Atayah & Khan (2021) [19], Brodeur et al. (2021) [20], Callegari & Feder
(2022) [21], Podolsky et al. (2022) [22]. Some papers review the literature in specialised
fields. For example, Coutinho et al. (2021) [23] have studied the literature concerning how
the COVID-19 pandemic has affected people’s living conditions, especially the impact on
mental health. Şevgin, Alptekin & Şevgin (2021) [24] realised a literature review relating to
COVID-19′s impact on the quality of life of the elderly. Rana, Keramat, and Gow (2021) [25]
are studying the literature regarding the impact of the COVID-19 crisis on air quality
(dynamics of pollutant concentrations). A study by Khlystova, Kalyuzhnova, and Belitski
(2022) [26] reviewed 59 papers about the implications of the COVID-19 pandemic on the
creative industries (they found positive effects on IT and software and negative effects
on cultural activities). Haafza et al. (2021) [27] investigated studies that examine the
application of Big Data to diagnosis in public health systems during the pandemic crisis.

Gunasekeran et al. (2022) [28] reviewed the literature concerning the role of social
media platforms in public health communication (and identified a potential negative impact
on population health, p. 1). Cachón-Zagalaz et al. (2020) [29], Marinoni, van’t Land &
Jensen (2020) [30], Pokhrel & Chhetri (2021) [31], Shan & Beheshti (2021) [32] and Zancajo
(2021) [33] provide a literature review concerning the impact of COVID-19 Pandemic on
education systems. Alifuddin & Ibrahim (2021) [34] tried a systematic literature review
addressing the COVID-19 Pandemic’s impact on work from home. Štreimikienė et al.
(2021) [35] review the literature on the effects of the COVID-19 pandemic on agriculture
(vulnerabilities, resilience, risks).

By reviewing 18,590 studies and selecting 24 of these for inclusion in a meta-analysis,
Herby, Jonung, and Hanke (2022, p. 2) [36] found that, although lockdowns had a
huge economic and social cost, in Europe and the USA they had a very small effect on
COVID-19-related mortality (only −0.2%, p. 2).
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Herby, Jonung, & Hanke [36], Agyei et al. (2022) [37], Sun & Shi (2022) [38] and
Owusu Junior (2022) [39] analysed the co-movement between financial variables during
the COVID-19 crisis.

Regarding the analysis of the impact of COVID-19 on the energy sector, we mention the
paper of Wang, Huang & Li (2022) [40] who investigated studies in the Scopus database that
analyse the impact of the COVID-19 pandemic on renewable energy. Chong et al. (2022) [41]
reviewed studies in the literature on energy sustainability and carbon neutrality in the post-
COVID era and advocated a holistic approach to environmental issues, energy resources,
and social well-being. Radtke (2022) [42] discussed the problem of energy democracy.
Dogan, Majeed & Luni (2022) [43] analysed the effect of the COVID-19 pandemic on the use
of natural resources (including energy). Salisu & Adediran (2020) [44], Pastory & Munishi
(2022) [45] and Shaikh (2022) [46] studied the impact of the pandemic crisis on the volatility
of energy markets.

Lazo, Aguirre, and Watts (2022) [47] proposed a comprehensive literature review
concerning the confinement measures’ impact on the electricity sector.

The Applied Energy Review published a Special Issue (March 2021) in which 23 articles
analysed the impacts of COVID-19 on energy demand and generation, as well as on
the environment.

Cicala (2020, October, pp. 5, 7) [48] estimated for the USA that, in the second quarter
of 2020, residential electricity consumption grew by USD 6B (+10%), while the industrial
and commercial demand fell by 12% and 14%, respectively. Wang, Li, Cui, Shi, & Mingee
(2022) [49] showed an increase in energy consumption in the residential sector in the U.S.
continental metropolitan area at the beginning of the pandemic. Li et al. (2022) [50] found
that a one percent decrease in the effective reproduction number (secondary cases caused
by a primary case) for COVID-19 had a positive impact on global electricity consumption
(+1.62%) in Germany and five US states.

García et al. (2021) [51] analysed the impact of COVID-19 restrictions on energy
consumption and found that, from March to May 2020, residential consumption in Man-
zanilla (Huelva, Spain) increased by around 15%, while non-residential consumption fell
by 38% (p. 1).

Cortiços & Duart (2022) [52] analysed the increase in energy consumption generated
by the need to ensure airflow (ventilation) in large office buildings, to prevent the spread
of the virus. Energy consumption in large commercial buildings in Dalian (China) was
studied by (Su, Cheng, Wang, & Wang (2022) [53].

By studying 451 buildings in the Canton of Geneva, Todeschi et al. (2022) [54] found
that the energy demanded heating and cooling increased during the lockdown.

Through logistic models, applied to 3369 responses to a questionnaire, Balest & Staw-
inoga (2022) [55] analysed the changes in the daily energy practices of households in Italy
during the lockdown caused by the COVID-19 pandemic, in the context of issues related
to the energy transition. The authors found that not all household activities were affected
by the lockdown (e.g., use of the washing machine), and the change in household energy
consumption was influenced by individual and household characteristics (gender, age,
type of house, size of the dwelling space and technological context, household income,
cultural and regional particularities).

Buechler et al. (2022) [56] and Moses (2022) [57] identified a sharp drop in electricity
consumption (by 7.6% in April 2020) for 58 countries during the first phase of the pandemic.
However, the consumption recovered completely over the following 6 months. According
to the authors, the rapid rebound in consumption was due to the decoupling between
economic activity and electricity demand. As a methodology, Buechler et al. (2022) [56]
used a panel regression with random individual-specific effects and found, among other
things, a relationship between changes in consumption during the pandemic and the pre-
pandemic sensitivity of electricity consumption to holidays. On contrary, He & Zhang
(2022, p. 1) [58] say that economic growth in OECD countries during the pandemic crises
was “impeded” by energy consumption. To identify the demand shift during the pandemic,
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Narajewski and Ziel (2020) [59] analysed the electricity consumption in Germany, France,
Italy, Spain, and Poland.

Zhang et al. (2021) [60] analysed the impact of COVID-19 on energy consumption
(including renewable sources) and changes in energy policy. As a methodology, they used
an artificial neural network model.

For Romania, Armeanu, Joldes, , and Gherghina (2022) [61] examined the impact
of the COVID-19 crisis on the energy market, through the Granger causality tests and
Autoregressive Distributed Lag (ARDL) models. They found no long-term relationships
between the COVID-19 crisis and the price of electricity or natural gas. In our opinion,
this result is determined by the specifics of the analysed period: daily data between 1 July
2021, and 21 December 2021. However, the increase in electricity and natural gas prices
was accentuated by the restoration of supply chains and the increasing global demand in
the background of the post-crisis recovery process. However, these processes were mainly
manifested after January 2022 and after February, the supply deficit in the energy products
market was accentuated by the political crisis (the war) in the east of the continent. Andrei
et al. (2022) [62] found that the total electricity consumption of Romanian universities
decreased between 20% and 36% in 2020, and the electricity due to the use of computers
decreased by 75% to 96%. Undoubtedly, consumption was shifted to the households of
students and professors!

Regarding the profile of households’ hourly electricity consumption, the International
Energy Agency (International Energy Agency, 2020, p. 23) [63] notes that, in some coun-
tries, the COVID-19 crisis has changed the pattern of “electricity consumption during the
weekdays toward a form usually observed on pre-pandemic Sundays”. “Under lockdown,
every day is a Sunday” is also the hypothesis argued by Staffell (2020, p. 4) [64], Liasi,
Shahbazian & Bina (2020) [65] and Mehlig, ApSimon & Staffel (2021) [66] for the United
Kingdom, Wilson et al. (2020) [67] and Burleyson et al. (2020) [68] for the United States,
Goddard (2020) [69] for Czech Republic, Germany, Spain, Italy, Belgium, and Austria.

Burleyson, Rahman, Rice, Smith, & Voisin (2021) [70] quoted a blog post from an
energy market Independent System Operator (NYISO, New York, NY, USA), who reported
a special pattern in daily electricity consumption at the beginning of the pandemic, profile
similar to a “widespread snow day”. Bahmanyar, Estebsari, and Ernst (2020) [71] found
analogous patterns in April 2020, for Belgium, Italy, Netherlands, Spain, Sweden, and
the UK.

Santiago et al. (2021) [72] found that the electricity demand in Spain decreased
by 13% in March–April 2020 (and the CO2 emissions by 33%) and the hourly profile of
consumption changed from the usual pattern—they presented a detailed analysis for
Wednesdays and Sundays.

The households’ hourly electricity consumption was evaluated by Abdeen et al.
(2021) [73] and Rouleau & Gosselin (2021) [74] for Canada, Hinson (2020) [75], Burleyson
et al. (2020) [68], Krarti & Aldubyan (2021) [76], Brewer (2022) [77], Ku et al. (2022) [78]
for the USA, Cribb, Gotlibovych & Sykes (2020) [79] and Huebner et al. (2021) [80] for
the United Kingdom, Benatia (2022) [81] for France, Snow et al. (2020) [82] for Australia,
Cheshmehzangi (2020) [83] for China, Bielecki et al. (2021) [84] for Poland (Warsaw region),
Carvalho et al. (2020) [85] for Brazil, Bollino & d’Errico (2022) [86] for Italia, Wakashiro
(2022) [87] for Japan, Hansell and Vällfors (2021) [88] for Sweden, Khan, and Sahabuddin
(2021) [89] and Alavi et al. (2022) [90] for Bangladesh, Bhattacharya et al. (2021) [91] for
India, and Abulibdeh, Zaidan & Jabbar (2022) [92] for Qatar.

Rana et al. (2022, p. 1) [93] and Su, Cheng, Wang, & Wang (2022, p. 16) [53] showed
that the COVID-19 pandemic has changed lifestyles in the long term, which has lasting
effects on energy consumption.
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3. Data and Methodology
3.1. Methodology

The data generating process for time series electricity real consumption (ERC) is
stationary: the Augmented Dickey–Fuller (ADF) test statistic is −5.680 (while the critical
value for 1% level is −3.43) and the Kwiatkowski–Phillips–Schmidt–Shin test statistic is
0.382 (while the asymptotic critical value for 5% level is 0.463). Given the stationarity
of the time series, to evaluate the size of the impact induced by the COVID-19 crisis on
electricity real consumption (ERC), we built a SARX(p)(Ps)s = w,m,q,y type model (Jula &
Jula, 2019 [94]), with weekly (sw = 7 days), monthly (sm = 30 days), quarterly (sq = 91 days),
and yearly seasonality (sy = 365 days):

(1 − ϕ1L) (1 − ϕ7L7) (1 − ϕ30L30) (1 − ϕ91L91) (1 − ϕ365L365) (ERCt − µ) = dPEREM + εt (1)

In the model, ERC is the daily average of electricity real consumption (in MW) and
ϕ are the parameters corresponding to the autoregressive and multi-seasonal process: ϕ1
modelling the autoregressive process of order 1, AR(1), and the other parameters ϕ are
for modelling weekly (ϕ7), monthly (ϕ30), quarterly (ϕ91) and annual (ϕ365) seasonality.
Additionally, L is the lag operator (Lyt = yt−1, L7yt = yt−7 and so on), µ is the mean of the
process

(
ERC

)
, dPEREM are dummy period (interval) variables, and ε is the error variable.

The inclusion of the moving average terms does not significantly improve the model
(e.g., the inclusion of an MA term drops the Schwarz Information Criterion (SIC) from
13.6402 to 13.6392 only). Under these conditions, starting from a principle of parsimony—if
two specifications lead to close results, the simpler one is preferred (Occam’s razor)—we
did not include in the model either moving average (MA) or seasonal moving average
terms (SMA).

To assess the hypothesis that, in Romania, during the COVID-19 crisis, the hourly struc-
ture of real electricity consumption on weekdays day does not differ significantly/is close to
the pattern exhibited on weekend days, we evaluated the similarities/differences between
the hourly structure of each weekday and the pattern of weekend days consumption.

The literature cites multiple possibilities for measuring the similarity between two
or more objects (structures). Metcalf and Casey (2016) [95] discussed metrics and similari-
ties/dissimilarities of numeric attributes, strings, of “sets of sets”.

A very well-known technique used to evaluate the dissimilarity between two vectors
is the Minkowski distance of order p ≥ 1 (ScienceDirect, 2022 [96]). Let X = (x1, x2, . . . ,
xn) and Y = (y1, y2, . . . , yn) be two structures described by n numeric characteristics. The
Minkowski distance of order p ≥ 1 is

d(X, Y)Minkowski =

(
n

∑
t=1
|xt − yt|p

) 1
p

(2)

From the Minkowski distance formula, we can deduce (Han, Kamber, & Pei, 2012,
pp. 72–74 [13]):

for p = 1, the Manhattan distance
(

n
∑

t=1
|xt − yt|

)
,

for p = 2, the Euclidian distance

(√
n
∑

t=1
(xt − yt)

2

)
,

for p→ ∞, the Chebyshev distance
(

n
max
t=1
|xt − yt|

)
.

A technique that considers the (possibly) different measurement scale of the analysed
variables is the Mahalanobis distance:

d(X, Y)Mahalanobis =
√
(X− Y)Σ−1(X− Y)′
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where Σ is the covariance matrix and the apostrophe (′) stands for transposition. The
Mahalanobis distances are also used when the variables are correlated (Tan, Steinbach,
Karpatne, & Kumar, 2018, p. 116 [14]).

For similarity, the linear correlation coefficient is frequently used. The well-known
Pearson formula is:

corr(X, Y) =

n
∑
t
(xt − x)(yt − y)

√
n
∑
t
(xt − x)2

√
n
∑
t
(yt − y)2

where x and y are the means of X and Y, respectively.
A variant of this coefficient—namely the uncentered correlation coefficient, known as

the cosine similarity coefficient—is:

cos(X, Y) =

n
∑
t

xtyt
√

n
∑
t

x2
t

√
n
∑
t

y2
t

or, cos(X, Y) =
〈X, Y〉
‖X‖‖Y‖

where <X, Y> is the inner product and ‖X‖ is the vector norm. The angle between X and Y
is computed using the arccosine function.

We mention that the coefficient of correlation is invariant to scaling (multiplication
by a nonzero value) and to translation (adding a constant), while the cosine of an angle
is invariant to scaling but not to translation. The Minkowski distance (including the
Euclidean, Manhattan, and Chebyshev distance) is neither translation nor scaling invariant
(Tan, Steinbach, Karpatne, & Kumar, 2018, pp. 105–108 [14]).

There are other techniques for measuring proximity (similarity/dissimilarity) between
objects when the characteristics are of different types, and/or may be of differing impor-
tance. We do not detail these techniques because, for the analysis followed in this paper,
the structure vectors are constructed starting from the electricity consumption in different
time intervals, so that the values are of the same type, the same order of magnitude (scale),
and the same importance.

Dobrescu (2011, pp. 7–11) [97] and Jula & Jula (2013, pp. 57–58) [98] analyses ten meth-
ods of similarity/dissimilarity: Manhattan distance, Euclidian distance, Canberra distance,
Bhattacharyya coefficient, coefficient of correlation (Pearson), the Herfindahl–Hirschman
index, the Kullback–Leibler divergence measure, the Jaccard index, the Hellinger distance,
and the Cosine similarity coefficient.

To assess changes in energy demand due to the COVID-19 pandemic, Bahmanyar,
Estebsari, and Ernst (2020, p. 3) [71] used a so-called Demand Variation Index defined by
the following equation:

DVI =

n
∑

i=1

(
Pold

ti
− Pnew

ti

)

n · Pold · 100

where P is power demand, Pold is average of power demand over the reference period,
ti—time, n—the number of recorded demands, old—reference period, new—actual period
(the symbols are those used by the above-mentioned authors).

This “index” raises some problems: on the one hand, after summing, the positive
values

(
Pold

ti
− Pnew

ti
> 0

)
can offset the negative ones

(
Pold

ti
− Pnew

ti
< 0

)
, and thus, the

DVI index masks the amplitude of the variation. On the other hand, based on simple
algebra, the DVI can be written as follows:

DVI =

n
∑

i=1

(
Pold

ti
− Pnew

ti

)

n · Pold · 100 =
1

Pold




n
∑

i=1
Pold

ti

n
−

n
∑

i=1
Pnew

ti

n


 · 100 =

(
1− Pnew

Pold

)
· 100
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This means that the DVI of Bahmanyar, Estebsari, and Ernst (2020) [71] can only
measure the average change in electricity consumption during the pandemic, compared to
consumption in pre-pandemic time. So, DVI cannot assess the closeness (or divergence)
between the weekday electricity consumption hourly structures during the pandemic and
the weekend consumption profile. Santiago et al. (2021) [72] avoid the compensation
problem by considering the difference between the pandemic and pre-pandemic values in
absolute value (the Manhattan distance).

In this paper, to assess the degree of similarity/dissimilarity between the hourly
electricity real consumption on the weekdays and the corresponding vector for weekend
days, we calculate three measurement indicators: the linear correlation coefficient, the
Manhattan distance, and the angle between the structure vectors. We also calculate a more
complex measure, namely the Mahalanobis distance, even if the values of our vectors are of
the same type, the same order of magnitude (scale), and of equal importance. Nevertheless,
the vectors of hourly electricity consumption are correlated (the correlations are more
powerful for closer time intervals). We calculate several more measures to check for the
methodological robustness of each estimate: in other words, we check whether several
evaluations lead to the same conclusions.

Let hd and hs be the following vectors:

hd =
(

hd
1 , hd

2 , hd
3 , . . . , hd

24

)

the vector of hourly electricity real consumption in the weekday d;

hs = (hs
1, hs

2, hs
3, . . . , hs

24)

the corresponding vector for weekend days s, and the components of the vectors are defined
as follows:

hd
t —is electricity real consumption for weekday d ∈ {Monday, Tuesday, Wednesday, Thursday,

Friday} and time interval t, t = 1 for 0:00–0:59 interval, . . . , t = 24 for 23:00–23:59 interval.
hs

t —is electricity real consumption for weekend day s ∈ {Saturday, or Sunday}, and time
interval t, so that t = 1 for 0:00–0:59 interval, . . . , t = 24 for 23:00–23:59 interval.

For these vectors, the measures of distance (Manhattan and Mahalanobis) and similar-
ity (the coefficient of correlation and the cosine/angle between the structure vectors) are
calculated as follows:

The coefficients of correlation: correl(hd, hs) =

24
∑

t=1

(
hd

t −h
d
)
(hs

t−h
s
)

√
24
∑

t=1

(
hd

t −h
d
)2
√

24
∑

t=1
(hs

t−h
s
)

2

The Manhattan distance (the Euclidian
1-norm): Manhattan(hd, hs) =

24
∑

t=1

∣∣∣∣
hd

t

h
d − hs

t

h
s

∣∣∣∣

The cosine of the angle between the structure
vectors (uncentered coefficient of correlation)
. . .

cos(hd, hs) =

24
∑

t=1
hd

t hs
t

√
24
∑

t=1
(hd

t )
2
√

24
∑

t=1
(hs

t )
2

. . . and the angle between the
structure vectors:

αds = arccos[cos(hd, hs)]

The Mahalanobis distance
Mahalanobis(hd, hs) =√
(hd − hs)Σ−1(hd − hs)

′

In the above formulas, h
d

is the average consumption on weekday d, h
s

is the average
consumption on weekend day s and Σ−1 is the inverse of the covariance matrix.
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The measures adopted in the state of emergency and alert have affected the evolution
of most economic and social activities, including electricity consumption. So, we separately
estimated the models for three time periods:

• Non-COVID19 time (1 January 2006–15 March 2020).
• State of emergency (16 March 2020–14 May 2020).
• State of alert (15 May 2020–8 March 2022).

We chose these intervals taking into account the fact that, based on Decree no. 195/16
March 2020 (President of Romania, 2020) [99], the state of emergency was established in the
territory of Romania, starting on 16 March 2020. The state of emergency has been extended
up to 14 May 2020, by Decree no. 240/14 April 2020 (President of Romania, 2020) [100]. By
Law no. 55 of 15 May 2020, the state of alert was established at the national level and the
measures from the state of emergency were gradually relaxed. The state of alert has been
extended by government decisions given at 30-day intervals until the beginning of March
2022 (8 March 2022).

3.2. Data

In the paper, we used data regarding the electricity real consumption in Romania
between 1 January 2006, and 8 March 2022 (the end date of the alert state due to COVID-19,
in Romania). The data (5911 observations) come from Transelectrica statistics. According
to Romanian Government Ordinance No. 627/2000,

“Transelectrica is the Romanian Transmission and System Operator which plays
a key role in the Romanian electricity market. ( . . . ) Transelectrica is responsible
for electricity transmission, system, and market operation, grid and market
infrastructure development ensuring the security of the Romanian power system.
It also serves as the main link between electricity supply and demand, matching
all the time power generation with demand”. (https://www.transelectrica.ro/
en/web/tel/despre-noi1, accessed on 23 April 2022).

Data relating to the daily reports concerning the electricity real consumption are
available online on the Transelectrica website, Transparency section. They can be found
either by accessing the site directly https://www.transelectrica.ro/en/web/tel/rapoarte-
zilnice (from the website select “Realized Consumption”), accessed on 24 November 2022,
or following this path: Transelectrica (https://www.transelectrica.ro/en/web/tel/home)
→ select Transparency→ then Balancing and Ancillary Services→ Daily Reports→ and finally,
select “Realized Consumption”.

The data concerning electricity consumption (in megawatts, MW) are structured by
years, months, days, and intraday, by time intervals (the data are described in the Annex).
From January 2006 until January 2021, the data were presented at 24 h intervals. After
February 2021, the data were available at 15 min intervals. Under these conditions, we
calculated the hourly electricity real consumption by aggregation, as a simple arithmetic
mean of the consumptions in the four hourly sub-intervals.

4. Results

First, we tested the hypothesis that average daily electricity real consumption (in MW)
in Romania during the state of the emergency period (16 March to 14 May 2020) decreased
compared to the historical average from 2006 to March 2022, and that this decrease was
not due to the action of some random factors and was not just a manifestation of domain-
specific seasonality. Namely, we built a model of daily electricity real consumption (ERC)
dynamics with weekly (sw = 7 days), monthly (sm = 30 days), quarterly (sq = 91 days), and
annual (sy = 365 days) seasonality.

In the first model, we tested the presence of a specific period effect for the interval
16 March–14 May. For this purpose, in the SAR(p)(Ps)s = w,m,q,y model, we defined the
period dummy variables (dPEREM) as follows:

48



Energies 2023, 16, 4169

dPEREM = a2018·dPEREM,2018 + a2019·dPEREM,2019 + a2020·dPEREM,2020 + a2021·dPEREM,2021,

where dPEREM,t is an interval dummy that takes the value 1 for each record from 16 March
to 14 May, in each year t (the interval corresponds to the period during which the state of
emergency was declared in 2020) and zeroes for the rest. We considered two pre-crisis years
(2018 and 2019) and the two crisis years (2020–2021). If, for all the years, the coefficients
of the dPEREM,t variables are significant and of the same sign, this means that we are in
the presence of a period effect (for example, if the coefficients are significant and negative,
this signals a negative seasonality: that is, the reduction in electricity consumption in
spring, compared to winter, due to the reduction in electricity consumption for heating, and
compared to summer, due to reduced use of cooling devices). The results are as follows:

ERCt − ERC = − 1.3823
(−0.0060)

· dPEREM2018 − 15.5962
(−0.0739)

· dPEREM2019 − 192.4823
(−1.8124)

· dPEREM2020 + 61.8053
(0.2531)

· dPEREM2021

+

[
AR(1) = 0.8550

(174.3626)

]
+

[
SAR(7) = 0.6024

(83.4010)

]
+

[
SAR(30) = − 0.0282

(−4.1661)

]

+

[
SAR(91) = 0.3009

(40.8940)

]
+

[
SAR(365) = 0.0505

(8.0929)

]

(below the estimators, in parentheses, are the t-Statistic values, and ERC is the mean of the
daily average of electricity real consumption series).

Among the coefficients of the dummy variables, only that of the year 2020 is statistically
relevant (it is significantly different from zero at the threshold of 0.035). All the other
dummy variables are not significant (the probabilities attached to the null hypothesis in
the unilateral Student’s t-test are between 0.40 and 0.50). In addition, for the variable
redundancy tests, the probability attached to the null hypothesis (dPEREM,2018, dPEREM,2019
and dPEREM,2021 are jointly insignificant) is 0.9698 for the F statistic and 0.9691 for the
Likelihood ratio. Instead, the coefficients of the seasonal variables are statistically relevant,
at a threshold of 0.00001 or less. This means that after removing the weekly, monthly,
quarterly, and annual seasonality, the model does not signal the presence of an effect
specific to the period from 16 March to 14 May 2020.

To test whether there is a specific effect only during the state of emergency (16 March–14
May 2020), we respecified the previous model by removing non-significant dummy vari-
ables (corresponding to the years 2018, 2019, and 2021). The results are as follows:

ERCt − ERC = −194.82452
(−1.8442)

· dPEREM2020 +

[
AR(1) = 0.85494

(175.1402)

]
+

[
SAR(7) = 0.60244

(83.3808)

]

+

[
SAR(30) = −0.02823

(−4.1703)

]
+

[
SAR(91) = 0.30096

(40.9242)

]
+

[
SAR(365) = 0.05059

(8.0973)

]

(under the estimators, in parentheses, are the t-Statistic values; sample: 1 January 2006–8
March 2022, 5910 included observations; R2 = 0.909, DW = 1.931). The coefficient of the
dummy variable is significant at the 0.03 threshold, and all other parameters in the model
are statistically significant at the threshold of 0.00001 or lower.

The model results support the hypothesis that, beyond seasonal effects (weekly,
monthly, quarterly, yearly), the COVID-19 crisis has negatively affected electricity real
consumption during the state of emergency (16 March–14 May 2020) and this decrease is
not due to random factors (the coefficient attached to the dummy variable is significantly
different from zero, at the 0.03 threshold) nor to the individual specific period effect (for the
other years, the individual specific effects to the respective period are not statistically signif-
icant). On average, the daily electricity real consumption decreased by −194.8 MW, during
the state of emergency, compared to the historical average of the period 2006–March 2022.

Concerning the second problem analysed, we mention that, for Romania, the average
daily profiles of electricity real consumption (MW) on weekdays and weekend days, for
the time intervals from 00:00–00:59 to 23:00–23:59, during the state of emergency (16 March

49



Energies 2023, 16, 4169

2020–14 May 2020) and the state of the alert period, compared to time without COVID-19
(1 January 2006–15 March 2020) are shown in Figures 1 and 2.
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Figure 1. Average daily profiles of electricity real consumption (MW), in Romania, during the state
of emergency (16 March 2020–14 May 2020) compared to non-COVID-19 time (1 January 2006–15
March 2020). Source: authors’ estimations based on hourly electricity real consumption data (MW)
from Transelectrica, starting with January 2006, until 8 March 2022 (the end date of the alert state due
to COVID-19, in Romania).
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Figure 2. Average daily profiles of electricity real consumption (MW) in Romania, during the state
of alert (15 May 2020–8 March 2022), compared to non-COVID-19 time (1 January 2006–15 March
2020). Source: authors’ estimations based on hourly electricity real consumption data (MW) from
Transelectrica, starting with January 2006, until 8 March 2022 (the end date of the alert state due to
COVID-19, in Romania).
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The average electricity real consumption during the state of emergency (the blue
line, for weekdays, and the dashed blue line for weekend days in Figure 1) is under
the corresponding consumption during the pre-crisis periods (the red lines in Figure 1).
This means that both aggregated and in each time interval, the impact of the COVID-19
crisis on electricity consumption was negative. These developments are consistent with
those recorded in most states around the world during the first phase of the COVID-19
crisis, developments recorded as such in the literature: e.g., International Energy Agency
(2020) [63] for the countries of the world; Bahmanyar, Estebsari, and Ernst (2020) [71] for
Europe; Armeanu, Joldes, and Gherghina (2022) [61] for Romania, and so on.

The weekdays’ average electricity real consumption profile during the state of emer-
gency (the red line in Figure 1) is close to the weekend days profile of non-COVID-19 time
(the dashed blue line in Figure 1). This finding is consistent with the International Energy
Agency hypothesis: “the pattern on weekdays now resembles the pattern usually seen only
on Sundays” (International Energy Agency, 2020, p. 23) [63].

During the state of alert (15 May 2020–8 March 2022), the electricity real consumption
(the green lines in Figure 2) in Romania is higher than the consumption in the non-COVID-
19 period (1 January 2006–15 March 2020, the blue lines in Figure 2) and the daily profiles
are similar both for weekdays and for weekend days. This means that the decrease in total
electricity real consumption during the state of emergency was relatively quickly recovered
in the state of alert period. From 7 a.m. to 10 p.m., in each hourly interval, the average
electricity real consumption was greater in the state of the alert period than in the pre-crisis
period. Throughout the night, consumption behaviour during the state of alert period
returned to the pre-crisis profile.

To go beyond the simple interpretation of the graphs, we calculated the distance
and similarity measures between the daily vectors of electricity consumption (each with
24 components).

First, we used data for 24 h time intervals (0:00 a.m. to 11:59 p.m.) and computed
the coefficient of correlation, as a similarity measure between hourly electricity real con-
sumption during the weekdays and the corresponding consumption on weekend days.
We found that the values calculated for the state of the emergency period (16 March 2020–14
May 2020) are slightly higher than the historical average (1 January 2006–15 March 2020),
concretely 0.8622 compared to 0.8522. By days, the correlations are slightly higher in the
state of emergency compared to the multiannual averages on Monday, Tuesday, and Friday,
and as average Monday–Friday, and they are slightly lower on Wednesday and Thursday
(Table 1).

Table 1. Distance between the hourly electricity real consumption during the weekdays and the
corresponding consumption of weekend days for all time intervals.

Time Interval:
All-Day Monday Tuesday Wednesday Thursday Friday Average

Monday–Friday
The coefficient of correlation (values between −1 and +1, values closer to 1 representing stronger positive correlation)

1 January 2006–15 March 2020 0.8484 0.8514 0.8546 0.8522 0.8522 0.8522
16 March 2020–14 May 2020 0.8580 0.8519 0.8533 0.8410 0.8973 0.8622
15 May 2020–8 March 2022 0.7975 0.7877 0.7933 0.7892 0.7837 0.7913

The Manhattan distance (a smaller Manhattan distance suggests that two distributions are more statistically similar to each other)
1 January 2006–15 March 2020 1.5555 1.1289 1.0949 1.0831 1.0326 1.1645
16 March 2020–14 May 2020 1.4164 1.1780 1.0551 1.0114 0.6958 1.0639
15 May 2020–8 March 2022 2.0191 1.6239 1.5760 1.5299 1.4631 1.6340

The angle between the vectors of the structures (values between 0 and 90 degrees; the smaller the value, the closer the structures are)
1 January 2006–15 March 2020 4.3267◦ 3.0447◦ 2.9461◦ 2.8986◦ 2.7209◦ 3.1520◦
16 March 2020–14 May 2020 3.9923◦ 3.1937◦ 2.8807◦ 2.7631◦ 1.9342◦ 2.8882◦
15 May 2020–8 March 2022 5.4179◦ 4.2204◦ 4.0987◦ 3.9620◦ 3.7608◦ 4.2616◦

Source: authors’ estimations based on hourly electricity real consumption data (MW) from Transelectrica, starting
with January 2006, until 8 March 2022 (the end date of the alert state due to COVID-19 in Romania).

If we compare the difference (dissimilarity) between the structural vectors of hourly
consumption, through the Manhattan distance and the angle between the vectors, the con-
clusions are similar: the differences registered during the state of emergency on weekdays
are slightly lower compared to the historical averages for weekend days, i.e., 1.0639 for
1.1645 (Manhattan distance), respectively, 2.8882 for 3.1520 (angle between vectors). The
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coefficients of correlation calculated for the state of the alert period (15 May 2020–8 March
2022) are higher than in the state of emergency, but the differences are not large in absolute
values. The Manhattan distances and the angles between the structural vectors are closer to
the historical averages than to the indices calculated for the period of the state of emergency.
This means a gradual return to pre-COVID-19 crisis consumer behaviour.

The three indicators (coefficient of correlation—for similarity, Manhattan distance, and
angle between vectors for dissimilarity), computed for each day of the week, are shown in
Table 1 and Figures 3–5.

Energies 2023, 16, x FOR PEER REVIEW 14 of 22 
 

 

 

 
Figure 3. Coefficients of correlation between the hourly electricity real consumption during the 
weekdays and the typical corresponding profile consumption of weekend days. Note 1: Coefficient 
of correlation measures the similarity between two objects, values are between −1 and +1, values 
closer to 1 representing stronger positive correlation. Note 2: Values for the coefficients of correlation 
differ among the days of the week. We marked the weekly average values (Monday to Friday) with 
the blue ellipse. Source: Table 1. 

 

 
Figure 4. Manha an distances between the hourly electricity real consumption during the weekdays 
and the typical corresponding profile consumption of weekend days. Note 1: A smaller Manha an 
distance suggests that two distributions are more statistically similar to each other. Note 2: Values 
for the Manha an distance differ among the days of the week. We marked with the blue ellipse the 
weekly average values (Monday to Friday). Source: Table 1. 

0.8484

0.8514

0.8546

0.8522

0.8522

0.8522

0.8580

0.8519

0.8533

0.8410

0.8973

0.8622

0.7975

0.7877

0.7933

0.7892

0.7837

0.7913

Monday Tuesday Wednesday Thursday Friday Average
Mo-Fri

Before the COVID-19 crisis
(1 Jan 2006 – 15 March 2020)

State of energency
(16 March 2020 – 14 May 2020)

State of alert
(15 May 2020 – 8 March 2022)

1.56

1.13

1.09

1.08

1.03

1.16

1.42 1.18 1.06

1.01

0.70

1.06

2.02

1.62

1.58

1.53

1.46

1.63

Monday Tuesday Wednesday Thursday Friday Average
Mo-FriBefore the COVID-19 crisis

(1 Jan 2006 – 15 March 2020)
State of energency
(16 March 2020 – 14 May 2020)

State of alert
(15 May 2020 – 8 March 2022)

Figure 3. Coefficients of correlation between the hourly electricity real consumption during the
weekdays and the typical corresponding profile consumption of weekend days. Note 1: Coefficient
of correlation measures the similarity between two objects, values are between −1 and +1, values
closer to 1 representing stronger positive correlation. Note 2: Values for the coefficients of correlation
differ among the days of the week. We marked the weekly average values (Monday to Friday) with
the blue ellipse. Source: Table 1.
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Figure 4. Manhattan distances between the hourly electricity real consumption during the weekdays
and the typical corresponding profile consumption of weekend days. Note 1: A smaller Manhattan
distance suggests that two distributions are more statistically similar to each other. Note 2: Values
for the Manhattan distance differ among the days of the week. We marked with the blue ellipse the
weekly average values (Monday to Friday). Source: Table 1.

Technically, the values compared to the average of the weekends are between those of
Saturday (the greatest similarity) and Sunday (the greatest dissimilarity).

For the state of alert, the correlations are weaker, and the dissimilarities are higher
than in the state of emergency and they are closer to the values recorded in the period
before the outbreak of the COVID-19 pandemic.
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Another interesting finding for Romanian electricity real consumption is that the
hourly consumption profile on weekdays, during the state of emergency, is closer to the
specific structure of Saturday than Sunday (Table 2).
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Figure 5. The angle between the vectors of the structures (degrees) between the hourly electricity real
consumption during the weekdays and the typical corresponding profile consumption of weekend
days. Note 1: Values between 0 and 90 degrees; the smaller the value, the closer the structures. Note
2: Values differ among the days of the week. We marked the weekly average values (Monday to
Friday) with the blue ellipse. Source: Table 1.

Table 2. Distance between the hourly electricity real consumption in a state of emergency during the
weekdays and the profile of consumption corresponding to Saturday, Sunday, and the average of the
weekend days, respectively.

The Weekdays’ Consummation in a
State of Emergency Compared to: Monday Tuesday Wednesday Thursday Friday Average

Monday–Friday
The coefficient of correlation (values between −1 and +1, values closer to 1 representing stronger positive correlation)

Average of weekend days 0.8580 0.8519 0.8533 0.8410 0.8973 0.8622
Saturday 0.9311 0.9307 0.9297 0.9198 0.9472 0.9349
Sunday 0.7368 0.7249 0.7288 0.7144 0.8001 0.7413

The Manhattan distance (a smaller Manhattan distance suggests that two distributions are more statistically similar to each other)
Average of weekend days 1.4164 1.1780 1.0551 1.0114 0.6958 1.0639

Saturday 1.2351 0.9431 0.8266 0.7742 0.4974 0.8343
Sunday 1.6689 1.4764 1.3609 1.3234 0.9663 1.3516

The angle between the vectors of the structures (values between 0 and 90 degrees; the smaller the value, the closer the structures are)
Average of weekend days 3.9923 3.1937 2.8807 2.7631 1.9342 2.8882

Saturday 3.4171 2.5435 2.2329 2.1138 1.4248 2.2576
Sunday 4.6825 3.9508 3.6404 3.5256 2.6366 3.6362

Source: authors’ estimations based on hourly electricity real consumption data (MW) from Transelectrica, starting
with January 2006 until March 8, 2022 (the end date of the alert state due to COVID-19 in Romania).

We also estimated the Mahalanobis distances (Table 3) between the vectors of hourly
electricity real consumption during the pandemic period and the corresponding vectors in
normal (pre-pandemic) times.

The Mahalanobis distances between the actual electricity consumption per hourly
step, on average over weekdays, and the corresponding consumption on weekend days are
lower for the state of emergency period. In addition, the distances between the weekday
consumption profile of the emergency period and the consumption profile of the pre-crisis
weekends (3.57) are smaller than the distances between the profiles corresponding to the
days of pre-crisis weekdays and weekend days (4.14). During the state of alert, the hourly
patterns of real electricity consumption returned to the normal profile (observed before
the crisis).
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Table 3. Mahalanobis distances between the hourly electricity real consumptions on weekdays and
corresponding consumptions on weekend days.

Mahalanobis Distances

Average weekdays’ hourly
profile of electricity real

consumption in:

pre-crisis period

and Saturday

in pre-crisis period

4.33

and Sunday 4.05

and weekend average 4.14

state of emergency period

and Saturday

in pre-crisis period

3.73

and Sunday 3.52

and weekend average 3.57

and Saturday

in a state of emergency period

2.77

and Sunday 3.10

and weekend average 2.85

state of the alert period

and Saturday

in pre-crisis period

4.35

and Sunday 4.12

and weekend average 4.19

and Saturday

in the state of the alert period

4.55

and Sunday 3.61

and weekend average 3.99

Note: A smaller Mahalanobis distance suggests that two distributions are more statistically similar to each other.
Source: Author’s estimations based on hourly electricity real consumption data (MW) from Transelectrica, starting
with January 2006 until 8 March 2022 (the end date of the alert state due to COVID-19 in Romania).

5. Conclusions

The COVID-19 crisis and the measures against the spread of the pandemic—the
lockdown measures, work from home, online education, blocking of tourist and leisure
activities, of sports and cultural activities, closure of theatres, movie theatres, restaurants,
bars, and nightclubs, restriction of commercial activities in stores, and so on—have severely
affected economic and social activities, which has had negative effects on electricity supply
and consumption.

In the paper, we analysed the changes in electricity consumption generated by COVID-19
and the measures taken against the spread of the coronavirus to limit the effects of the
pandemic. We found that on average, the daily electricity real consumption decreased
by −194.8 MW during the state of emergency compared to the historical average of the
period 2006–March 2022. The dimension of the COVID-19 impact represents approximately
−2.84%, compared to the average of the actual electricity consumption of 2019 (6858.7 MW)
and −2.94%, compared to the related period from 2019.

For comparison, Soava et al. (2021) [101], found that, in the first 11 months of 2020,
total energy consumption decreased by approx. 4%. According to Eurostat data (table
nrg_cb_e), total electricity final consumption in Romania fell by −3.1% in 2020 (−3.9 for
EU27, and −4.4% for the Euro area), and recovered in 2021 (+5.4%), slightly faster than in
the EU27 and Euro area (+4.5%).

The literature has analysed the structural changes generated by the decline in com-
mercial electricity consumption, which were partially compensated by the increase in
household consumption (Jula D.-M., 2021) [102].

Based on this finding, it was hypothesised that the profile of daily electricity con-
sumption on weekdays is close to the typical Sunday profile (International Energy Agency,
2020 [63]; Burleyson et al., 2020 [68]; Goddard, 2020 [69]; Staffell, 2020 [64]; Wilson et al.,
2020 [67]; Mehlig et al., 2021 [66]). In general, this is a conclusion based on logical deduc-
tions and the analysis of some graphs.

To go beyond the simple interpretation of the graphs, for Romania, we calculated some
measures of distance and similarity between the daily vectors of electricity real consumption
(each with 24 hourly components). To assess the degree of similarity/dissimilarity between
the pattern of hourly electricity real consumption on the weekdays and the corresponding
vector for weekend days, we calculated the linear correlation coefficient and the angle
between the structure vectors (for similarity evaluation), the Manhattan distance and the
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Mahalanobis distance (for dissimilarity estimation). The standard consumption structures
were calculated as averages for the period until 1 January 2006, to 15 March 2020.

We separately estimated the models for three time periods: before the COVID-19
outbreak (1 January 2006–15 March 2020), the state of the emergency episode (16 March
2020–14 May 2020), and the state of the alert period (15 May 2020–8 March 2022).

Concerning the profile of weekdays’ electricity consumption, we found some pieces
of evidence of the Saturday effect for Romania, only for the state of emergency period
and not for the state of alert period. During the state of alert, consumption returns to the
pre-crisis profile.

That is, for Romania, in terms of electricity consumption, “under lockdown, every day
is a Sunday” of Staffell (2020, p. 4) [64], it is rather “under lockdown, every day is (almost)
a Saturday”! Additionally, this effect is not extraordinarily strong. This is because (Liasi,
Shahbazian, & Bina, 2020 [65]) there are activities which, in normal times, were carried out
on weekends, which stopped (e.g., shows, tourism) or slowed down (e.g., direct purchases
in stores) during lockdown. Additionally, some activities were not stopped during the
pandemic (for example, activities that do not involve direct interaction between people, or
medical activities).

Habitually, the evaluation of Mahalanobis distances would have been sufficient to
support the paper’s conclusions. However, the value obtained for the determinant of
the covariance matrix Σ was very large, which could have generated, mathematically, a
certain inaccuracy in the calculation of the inverse (Σ−1). For safety (and methodological
robustness), we estimated and used analysis indicators from different classes. All the
quantitative estimates converge toward the same conclusions mentioned above.

A limitation of the study is that it does not provide quantitative assessments of
cause–effect relationships, by factors. The effects of the crisis on changes in energy con-
sumption behaviour by days and hours are measured, but the consequences by types of
actions (individual factors) are not measured (e.g., the direct effect of school closures on
household electricity consumption, the direct effect of working from home, the effect of
illnesses and hospitalisations). The paper only measures the overall result.

These elements open several paths for future research. An interesting direction of study
is the establishment of methodological benchmarks for analysing electricity consumption
in universities during the pandemic and estimating consumption in the households the
students come from. The main methodological difficulties refer to the identification of
solutions to separate the effects on electricity consumption induced by students’ online
learning from other factors that occur at the same time (for example, work from home for
parents or other family members, the effects of the school closures for younger siblings,
etc.). Such an analysis could have interesting policy implications from the perspective of
expanding and diversifying forms of online learning.

Our present study could have useful policy implications, especially for energy policy,
not only from the perspective of the emergence of similar crises but also starting from the
(plausible) hypothesis that certain processes that emerged in the context of the pandemic
crisis will tend to be maintained in the medium and long term: a preference for working
from home, maintaining and developing some forms of online learning, increasing and
diversifying the online commerce, maintaining certain forms of social distancing, etc.
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zilnice (from the website select “Realized Consumption”), accessed on 24 November 2022, we enclosed
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Abstract: Electricity production in Poland is stable and ranges from 160–170 TWH a year. The share
of renewable energy sources (RES) is increasing. Poland increased its share from 6.9% in 2010 to 12.7%
in 2019 and 16.1% in 2020. The share of hard and brown coal decreased in Poland from 87.8% in 2010
to 73.5% in 2019. Wind energy (9.2%) and natural gas (9.2%) are the most important sources of RES in
electricity production. The purpose of this research is to discover the changes in renewable energy
production, and the impact on electricity production in Poland. Our research showed the extent of
development of RES in Poland and other countries of the European Union. The share of renewable
energy sources in electricity production increased as the effect of energy policy of the European Union.
We also evaluated the impact of the COVID-19 crisis on the renewable energy market and electricity
production in Poland, and other countries of the European Union. Because of the shortage of data,
we presented changes at the beginning of the COVID-19 crisis in 2019–2020. First, we described
the sustainable development and energy policy of the European Union. Then, we described and
used methods, including regression analysis, as the most important method. We also found that the
power capacity in Poland increased, with the increases coming from solar radiation (11,984%), wind
energy (437.8%) and biomass installations (324.7%) in 2010–2020. The biggest electricity producers
in the EU are France and Germany. These countries also use nuclear energy, which helps to meet
the increasing demand. To check the impact of power installed from renewable energy carriers we
conducted a regression analysis. This method provided a correlation between electricity production
from renewable energy sources and investments in renewable energy carriers. We wanted to discover
the impact of RES installations, and their impact on electricity production in Poland. The statistical
analysis was based on data from 2010–2020. Our research points out that the most important factors
shaping electricity production were installations using energy from solar radiation and hydropower
installations.

Keywords: renewable energy sources; electricity production; energy policy; the COVID-19 crisis

1. Introduction

Renewable energy sources (RES) play a key role in delivering clean energy in the
European Union (EU) and the world. Such energy sources prevent rises in temperature
for the world’s climate. Moreover, the EU will be the modern economy using RES. The
problem of energy diversification and decreasing the contamination of the environment is
particularly important. Renewable energy sources deliver clean energy, which can solve
many problems with greenhouses gases emissions. Moreover, strict European Union energy
policy forces member states to increase their energy independence from Russia. Renewable
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energy sources are also important in electricity production and electricity is a key factor in
the economy, population, imports and exports [1]. Electricity production and demand also
has an impact on gross domestic product (GDP) creation in the economy [2,3].

Energy is mainly used in electricity, heat, and motor fuel. Fossil fuels deliver about 82%
of primary energy [4]. In Poland, 90% of electricity was produced from coal in 1960–2008.
Environmental awareness and European Union policy forced Polish government to reduce
the utilization of coal [5]. Today, coal and lignite create 80% of the electricity, whereas in
Europe it is 25% [6]. Hard coal and lignite are the main source of electricity in the world. In
Poland, for example, hard coal and lignite generated more than 56% of primary energy and
more than 85% of electricity production [7].

Moreover, the use of coal creates the problem of mining wastes. The problem has
national and international repercussions [8]. However, the share of fossil fuels in electricity
production is decreasing, because they generate climate change and have a big carbon
footprint. Fossil fuels affect people worldwide, especially in low-income communities. The
negative impact is strengthened in populations with inadequate nutrition and poverty [9].
Most countries vowed to reduce coal consumption, for example, China by 15% by 2040,
compared to 2016 [10,11]. Moreover, coal utilization creates environmental problems,
including ash production as an effect of combustion, and sulfur and mercury removal [12].

The economic situation for the energy sector in Poland was influenced by the post-
communist countries at the beginning of the 1990s. Poland was self-sufficient in coal
production, but after accession to the European Union it had to adjust to a new energy
policy [13]. In the long term, the strategy of the European Union directed on hard coal
reduction may lead to negative effects [14]. The most important criteria for purchasing
coal by consumers is its price [15]. This situation is particularly evident today, during
war between Russia and Ukraine, which led to a tremendous increase in the price of coal.
Poland had to import more than 6 million tons of coal to fill the demand in the market
in 2022. The cost of environmental fees for CO2 emission allowances impacted the level
of the price increase for energy in Poland. The costs for green certificates are responsible
for 60% of the price increase for energy for consumers. The EU trading system of green
certificates should be discussed, and the reliable levels of emissions should be elaborated
upon. Polish hard coal mining is becoming less competitive because of increasing prices of
coal [16]. The future of Polish mining depends on coal preparation, coal quality and the
exploitation system. Moreover, the decisive role will depend on environmental regulation
and policy [17].

RESs include biomass, wind energy, photovoltaics, biofuels, biomass and heat pump [18].
Biomass and other renewable energy sources are the tool which help to resolve the problems of
environmental contamination [19]. The production of electricity from wind and solar energy
has increased worldwide. However, these kinds of energy can be unstable and dependent
on weather conditions. Wind produces less energy on windless days and solar produces less
energy when there is less snow in winter [20].

The most important advantages in energy production for non-renewable energy
sources is that they produce electricity and heat at lower costs. However, renewable energy
sources are more economically sustainable [21]. Fossil fuels should be abandoned because
the world is going to decrease the temperature 2 ◦C above pre-industrial levels [22]. Carbon
dioxide and methane are the main greenhouse gasses coming from fossil fuels, which are
responsible for global heating [23].

The literature providing information about RES, fossil fuels and electricity production
is readily accessible [20,21,24]. However, little attention is given to the impact of the
COVID-19 crisis on the renewable energy and electricity production sector. Our paper
contributes to the existing literature on RES and the impact of the COVID-19 crisis on this
sector. When the COVID-19 virus spread across the entire world it had tremendous impact
on human health, causing not only disease but also the deaths of many people. Therefore,
policy frameworks should consider the impact of a health event not only in the health
sector, but also in energy and other sectors [25]. Some concerns include the social and
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economic sphere and the increase of electricity prices. In 2019, the electricity price increased
+9.7% and in 2020 reached +14.1%. In September 2021 the electricity price reached the level
401 PLN/MWH net compared to 239 PLN/MWH net in October 2020 [26].

The purpose of this research was to present the development of RES in relation to
electricity production in Poland, in the context of the EU at the beginning of the COVID-19
crisis. An attempt was made to answer the following questions:

1. What is the share of renewable energy sources in energy production and consump-
tion in Poland, and what is the impact of the COVID-19 crisis on the sector?

2. What development of renewable energy sources has been observed and what is the
contribution to energy production in Poland at the beginning of the COVID-19 crisis?

3. What policies influence the development of renewable energy sources?
The following research hypotheses were formulated based on a review of the literature:

Hypothesis 1 (H1). The share of renewable energy sources production in Poland has improved
after accession to the European Union (EU), but at the beginning of COVID-19 it decreased as a
result of lower demand for electricity.

Hypothesis 2 (H2). The European Union (EU) policies support the development of renewable
energy sources in Poland, which has a positive impact on clean energy production.

The paper includes the following parts: Section 1 is introduction, and Section 2
literature review. Later, we present Section 3 which is the methods. The main sections are
the research results and discussion. The final section is the conclusion.

2. Conditioning and Energy Policy of the European Union and World

Renewable energy sources deliver clean energy preventing climate before temperature
rise, and foster the development of the economy of EU. The climate changes limited to the
increase of carbon dioxide (CO2) force the European Union to elaborate policy. The new
policy should be adopted to lower the original level of CO2 [27].

The problem of energy can be solved by delivering eco-efficiency and sustainable
development introduction. This can be achieved by elaborating processes reducing methane
and greenhouse gas emissions, drainage water and by processing waste [28,29].

Smog, as the effect of fossil fuel utilization, can be reduced by natural and environ-
mental policy, which aims to reduce the so-called stock emissions [30]. This is a very big
problem in the transition of Polish and other European Union countries towards a carbon
economy. Poland, whose energy system is based on fossil fuels, has a problem with the
transformation of this sector [31].

In the mining industry, the supply side of policies include limiting carbon, solving
down investments in fossil fuel and reducing the cost of production [32]. The biggest
producers of coal, such as China, elaborated national standards to adopt the environmental
requirements. The local coal-product standards have been elaborated and there is a strong
pressure on clean manufacturing for coal production and consumption [33]. China as a
leader of coal production is also big emitter of CO2, which causes environmental problems
to the country. Coal production, processing and utilization is a challenge for many coal
mines [34]. Moreover, energy efficiency improvement required investigations in coal
pre-drying, energy equipment, boilers and power plant [35].

Europe is another big producer of coal and the mining industry. The area is particularly
vulnerable to environmental protection [36]. Many countries of the European Union face a
shock decrease of hard coal prices, caused by their inefficiency. Such a dramatic situation
in many coal plants was observed in 2012 and 2014 [37]. Moreover, the current dramatic
situation on the energy sector in the European Union, caused by the war between Russia
and Ukraine, will lead to many coal plants collapsing. That is why energy plants should
take up proper strategies to develop in the market. Those proper strategies should be to
adjust to business and environmental conditions, and the companies should change, along
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with the changing environment, and take up organization reaction. The changes should
have a positive impact on financial results and improve competitiveness [24]. Poland has
adopted an energy policy through to 2030. The Polish energy sector is undergoing major
challenges, including increasing demand for electricity, insufficient installation for energy,
and low supplies of gas from Russia. Polish policy includes the improvement of efficiency
for energy, energy security, the diversification of electricity sources, and pollution reduction.
According to that policy, the demand for energy from RES in 2030 should be: electricity
(33,296 Ktoe), wind (1530 Ktoe), solid biomass (994 Ktoe) and biogas (592 Ktoe). These
numbers should lead to an increase in the use of RES in final energy consumption to 15%
in 2020, an increase in the share of biofuels to 10% in 2020, and the greater protection of
forests and the environment [38].

The theory describing sustainable development and energy is wide in the European
Union. Worth mentioning is the ‘Agenda 2000′, which introduced the European Union’s
rural development policy focused on resource management and climate preservation [39].
The Common Agricultural Policy (CAP) is the main policy regulating the development
of farms and rural areas in European Union countries. More and more attention withing
this policy is paid to the clean environment, greening agriculture and renewables. This
is due to the fact that agriculture is delivering goods for nutrition, but also for energy
(biomass, biogas) and the landscape. In economic theory, goods include environmental
aspects, production, food production and others [40].

The European Union energy policy is the Renewable Energy Directive (RED) of 2009,
which had an aim of “20/20/20′’. This included 20% as the renewable energy target and
10% as the energy target for the transport sector [37]. Another important directive was
approved in 2018 and was called the Renewable Energy Directive (RED II). The directive
set a new target of 32% of renewable energy sources and 14% for transport by 2030 [41].

Additionally, the European Union prepared the Communication on the European
Green Deal, aimed at carbon neutrality by 2050. This Green Deal will result in several
changes from the previous document RED II [41].

In 2014, the European Council maintained the direction of counteracting climate
change and approved four goals for the 2030 perspective for the entire EU, which, after
revisions in 2018 and 2020, have the following shape:

- the reduction of greenhouse gas emissions by 55% compared to 1990 emissions;
- at least a 32% share of RES in gross final energy consumption;
- an increase in energy efficiency by 32.5%;
- to complete the internal EU energy market.

The Polish energy policy is based on the European Union policy, and it is in line with
the core of the policy. Pillars of the Polish energy policy through to 2040 are [42]:

1. just transformation;
2. a zero-emission energy system;
3. good air quality.

Detailed objectives of Poland’s energy policy through to 2040 are:

1. the optimal use of own energy resources;
2. the development of electricity generation and network infrastructure;
3. the diversification of supplies and the expansion of the network infrastructure of

natural gas, crude oil and liquid fuels;
4. the development of energy markets;
5. the implementation of nuclear energy;
6. the development of renewable energy sources;
7. the development of heating and cogeneration resources;
8. improved energy efficiency.

However, the COVID-19 pandemic contributed to the climate and environmental crises
negatively impacting human health, and these circumstances will undoubtedly change
the policy of the EU. The development of RES will not only be a challenge but will also
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deliver environmental benefits, such as: a reduction of greenhouse gas, such as CO2 and
methane; improve the management of biomass stock; and introduce new technologies in
photovoltaics, wind and other renewable energy installations [43].

3. Materials and Methods
3.1. Data Sources

The EUROSTAT was the main source of data for this study. These are data presented
in Eurostat databases and are accessible worldwide. These data are free of charge [44].

Other sources of data were derived from Statistic Poland and current information
for 1990–2019 [45]. According to the data, the most important electricity producers are
China, the USA, India and Russia. The largest increases in global electric production were
observed in China (1108%) and India (441.6%) in 1990–2019. The USA is also a big producer
of electric and it takes second place after China. In Poland, production increased by 20.2%
and in Russia 3.3%, in 1990–2019 (Table 1).

Table 1. Electric energy production in the world in 1990–2019.

Year TWH China
(TWH) % USA

(TWH) % India
(TWH) % Russia

(TWH) % Poland %

1990 11,957.4 621.2 5.2 3232.8 27.0 287.8 2.4 1082.2 9.1 136.3 1.1

2000 15,555.2 1355.6 8.7 4052.3 26.1 571.4 3.7 877.8 5.6 145.2 0.9

2010 21,569.8 4207.2 19.5 4394.3 20.4 937.5 4.3 1038.0 4.8 157.7 0.7

2019 27,004.7 7503.4 27.8 4401.3 16.3 1558.7 5.8 1118.1 4.1 163.9 0.6

Source: Own elaborations based on [40].

3.2. Methods

To analyze changes in the development of RES in the EU and Poland we employed
different analyses. First, regression analysis.

This model shows the impact of independent variables on the dependent variable
(electricity production from renewable energy sources in Poland (GWh)). The basis of using
the variables was the possibility to access the data. The data describes the most important
investments in installations in renewable energy in Poland. These investments impact
electricity production from RES in Poland.

The multivariable regression function can be written as follows [46]:

Y = α0 + α1X1 + α2X2 + . . . + αkXk + ξ (1)

where
Y—dependent variable;
Xi—explanatory variables (i = 1, 2, . . . , k);
ξ—random component;
α0—intercept of regression function;
αi—structural parameters of the model (i = 1, 2, . . . , k).
We used the method of least squares to perform the regression analysis. We used the

Statistica 13.3 program for data analysis. The method is widely used to analyze the results.
The selection of dependent variables resulted from their importance for energy pro-

duction from renewable energy sources and the accessibility of the data. The selection of
the independent variables was made based on the substantive justification of their impact
on the production of renewable energy sources. In this respect, exogenous variables were
considered. Then, from the set of presented variables, variables with high autocorrelation
were eliminated [46]. We chose a few variables that had a statistically significant effect on
the production of electricity from renewable energy sources.
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To achieve the proper results, we chose the explanatory variables that were character-
ized by high volatility and were not correlated with each other. They were correlated with
the explained variable: the production of electricity from renewable energy sources. The
set of variables that influence electricity production from renewable energy sources are:

X1—installations using biogas;
X2—installations using biomass;
X3—installations using the energy of solar radiation;
X4—installations using wind energy;
X5—installations using hydropower.
The explained variable was: Y1—electricity production from renewable energy sources

in Poland (GWh).

4. Results
4.1. Share of Renewable Energy Sources (RES) in the European Union (EU)

Renewable energy sources (RES) have been developed in the EU. The share of renew-
able energy in heating and cooling will increase by about 1.1% on average annually in the
years 2020–2030. Additionally, the use of biomass will play a key role in increasing energy
from RES [47].

The main source of RES in Poland is biomass, which is mostly obtained from forests.
Typically, developing countries use biomass from forests but more developed countries,
like those in western Europe, use a wider mix of renewable energy sources [48].

The COVID-19 crisis had an impact on RES in the EU. In 2020, compared to 2019,
lockdowns resulted in declines in the use of gasoline (−13%), diesel (−9.4%), bioethanol
(−10.1%) and biodiesel (−3.5%) [41]. The COVID-19 crisis led to the decrease in the value
of the renewable energy market supply in 2020. In spite of the impacts of the pandemic,
China the US, the UK, India and Spain represented 70% of new wind installations [48].
The COVID-19 crises was a challenge for the renewable energy sector, which resulted
in the disruption of manufacturing facilities, companies, supply chains and transition to
renewables [49].

To improve the situation, renewable energy technologies should be implemented,
which helps to organize the usage of these sources [50]. As we can see from Figure 1, the
largest share of renewables in the EU came from Sweden and Finland; that was the effect
of energy sources from wood and other renewables. In Poland and other EU countries,
there is a shift to RES because they have lower carbon emission and produce clean energy.
Moreover, the global increase of energy demand with an average annual rate of 2.2 percent
created the need to replace conventional resources based on hard coal and lignite. The
replacement of fossil fuels requires an investment in a smart grid, which can be adjusted
and installed in local conditions [51].

The existing stage of energy infrastructure is not in a good position. The electricity use
in line requires amendments of the line and additional investments. This is particularly
important in the decarbonization process to avoid climate contamination. The electricity
infrastructure is extremely important [52]. For many years, the development of economies
was based on the exploitation of natural resources, causing environment degradation. In
addition to that, the increasing demand for hard coal and lignite caused the harmful waste
to increase [53].

The COVID-19 crisis also affected electricity production and consumption worldwide.
Declines in investments, staff layouts and reduced commercial activities have all been
observed. The COVID-19 crisis undoubtedly caused a decrease in the energy sector due
to less demand in production and consumption [54]. However, the lockdown did have
a positive impact on the environment, through the reduction of emissions of greenhouse
gasses [55].

As we can see, the share of electricity from renewable sources in the gross final
consumption of energy in the electricity sector was the highest in 2020 (16.24%). At the
beginning of the COVID-19 pandemic, the volatility in the global economy and lockdowns

65



Energies 2022, 15, 8771

created a drop in renewable installations (Figure 2). The global fossil energy and renewable
energy markets are undergoing big crises that will also impact Polish markets [56].
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The system of green certificates in Poland regulates the functioning of energy com-
panies in order to obtain the proof of origin of electricity; otherwise, they must pay a
compulsory fee [19]. The costs of daily CO2 emissions increased from EUR 30/ton in
January 2020 to EUR 85/ton in December 2021. In Poland, the highest electricity price
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increase was observed. The COVID-19 pandemic caused the global electricity price increase,
material cost increases and disruptions in supply chains [57].

The Polish electricity system is dominated by electricity from hard and brown coal.
However, the share of hard and brown coal in electricity production decreased from 87.8%
in 2010 to 73.5% in 2019 (Figure 3). The changes observed in the structure of electricity
production in Poland are the effect of global problems. Pollution from the use of fossil fuels
is increasing global warming and continuing the exploitation of natural resources. As a
result, the effects on migrations, not only of animals but also people, can be observed [58].
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Wind energy and natural gas increased their share of electricity production in Poland
from 2010–2019. However, Poland belongs to the European Union and this region has had
problems with the energy markets. The problems occurred not only in the EU but also in
Asia, where such countries like India had low market volatility and low carbon sources for
energy generation [59].

The COVID-19 pandemic impacted the energy sector, too. The mobility of people de-
creased during lockdowns and economies shrunk. The changes resulted in a 50% reduction
in the demand for transportation, resulting in global crude oil price reductions. Moreover,
the inter-continental trade from China to Europe and other countries decreased, causing a
decrease in technologies being imported [60].

Poland is increasing installation capacity from renewable energy sources. The biggest
capacity was installed in 2020 from wind energy (6347.1 MW) and biomass installation
(1512.9 MW), and the smallest in biogas (255.7 MW) and hydro energy installation (976 MW).
The installed capacity increased in all sectors. The largest increase was from solar energy
installations. This was due to the development of photovoltaic (PV) and changed regu-
lations for consumers. Large increases in RES came from installations of wind energy, a
438% increase in 2020 compared to 2010, and for biogas production with an increase of
208% (Table 2).
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Table 2. Power of installed capacity in Poland (MW).

Year

Power Installed in Poland [MW], as at 31 December 2020

Installations
Using Biogas

Installations
Using Biomass

Installations
Using the Energy
of Solar Radiation

Installations
Using Wind

Energy

Installations
Using

Hydropower

2010 82.884 356.190 0.033 1180.27 937.044
2011 103.487 409.680 1.125 1616.361 951.390
2012 131.247 820.700 1.290 2496.74 966.103
2013 162.241 986.873 1.901 3389.541 966.103
2014 188.549 1008.245 21,004 3833.832 977.007
2015 212.497 1122.670 108.00 4582.036 981.799
2016 233.967 1281.065 187.25 5807.416 993.995
2017 235.373 1362.030 287.09 5848.671 988.377
2018 237.618 1362.870 561.98 5864.443 981.504
2019 245.366 1492.875 1539.26 5917.243 973.095
2020 255.699 1512.885 3954.96 6347.111 976.047

Changes 2010 = 100% 208.5 324.7 11,984 437.8 4.2

Source: own elaborations based on [44].

The solar system helps the photovoltaic system (PV) to produce energy. The photo-
voltaic (PV) and wind installations are becoming more popular not only in Poland but also
in the EU and around the world. These kinds of energy help to decrease the use of fossil
fuels and carbon dioxide emissions (CO2). Moreover, these kinds of energy installations
are based on small microgrid systems, which can be easily adjusted to local conditions [61].
The microgrid systems also have difficulties in implementation because of power quality,
voltage, sustainability and other factors [62]. However, microgrids have more advantages
because they can reduce greenhouse gas emissions and deliver cheap, clean, and reliable
power [63]. The investment in microgrid installation can reduce the costs of electricity and
increase comforts for customers [64].

Even though the development of RES has increased, this sector has still had a number
of challenges. The operation of solar projects had supply disruptions. Different categories
of solar had problems worldwide; however, the biggest issues were observed in rooftop
solar systems [65].

However, the COVID-19 pandemic had an influence on the whole energy and renew-
able energy sector. Jobs were put at risk and the unemployment rate increased. The energy
companies met the barrier of demand for electricity [66]. The increase of RES in Poland and
other countries of the European Union are due to climate and energy policy goals of the
EU, which are directed at greenhouse gas reduction by 55% in 2030, compared to 1990 [46].

As we can see from Table 2, the power capacity in Poland is increasing. This situa-
tion suggests that we cannot rely on coal and lignite because they are detrimental to the
environment. Moreover, the high health aspects of raw materials are obstacles to their
development [67].

4.2. Electricity Production in Poland and the EU

Electricity production is a key issue in the development of energy sectors worldwide.
The development of the energy sector depends on policy, consumer needs and modern
technologies. Moreover, the development of energy systems depends on its efficiency,
investments and renewable energy sources [68].

The demand for electricity is increasing. It is an important input for the development
of the economy. It is used in almost all kinds of human life, for example in industry, services,
agriculture, heating and transport [69]. Another important issue is electricity consumption
prediction. It helps to adjust facilities and energy industry to increase demand. Energy
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supply is important for not only consumers households, but also for communes and whole
countries and regions [70].

The production of electricity in Poland is stable and it ranged from 157.7 TWH in 2010
to 163.5 TWH in 2019. However, the biggest electricity production was in 2017—170.5 TWH
and 2019—170 TWH (Figure 4).
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At the beginning of COVID-19 electricity production decreased as the effect of lower
energy demand. This led to big problems with power installation and energy markets,
which suffered from continuous changes. As we can see from Figure 5, the production
of renewable energy decreased in 2019–2020. Then, in 2021 the production increased as
recovery of the energy markets from the COVID-19 crisis; consumption, for example, is
similar to production and in 2021 it was 174.4 TWH, which is a little bigger than production.
The deficit was overcome by importing energy from Ukraine.

Analysis of the structure of electricity sources presented in Figure 6 prove that the most
important source of energy in Poland is hard coal (44.3%) and lignite (24.4%). The following
positions are taken by renewable energy sources, such as wind power installations (13.6%),
natural gas (7.6%) and photovoltaic power plants (5.2%). These results are quite promising,
and they point out that Poland has the chance to be a leader in RES and transform its energy
economy into one using modern renewables.

The smallest share in renewable energy sources was gained by gas from coal seams,
hydroelectric power plants and pumped storage power plants. This is because Poland does
not have its own technology and has to import it from other EU countries and across the
world. Moreover, Polish consumers are not fully convinced about the new technologies
and their installation requires higher inputs on investments (Figure 6).

The effect of selected variables on the production of electricity from RES are pre-
sented in Table 3. The production of electricity from RES was the explained variable. The
explanatory variables are in the Materials and Methods section.
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Table 3. Results of the multiple regression analysis investigating the relationship between the depen-
dent variable Y1 (electricity production from renewable energy sources) and the explanatory variables.

Coefficient Std Error Student’s
t-Test p-Value

Intersept −3.229 1.253 −2.628 0.046
X1—Installations using biogas −6568.65 12765.2 −0.514 0.628
X2—Installations using biomass −880.39 1018.7 −0.864 0.427
X3—Installations using the energy of solar radiation 905.72 109.9 8.242 0.000
X4—Installations using wind energy −36.11 371.12 −0.097 0.926
X5—Installations using hydropower 35,998.6 13643.2 2.639 0.046
Arithmetic means of the dependent variable 257,487.3 Standard deviation of dependent change 790,048.4
Sum of squares of residuals 2.77 Standard error of residuals 235,513.2
R-squared determination coefficient 0.955 Corrected R-square 0.9111
F(9, 197) 21.506 The p-value for the F-test 0.002
Likelihood logarithm −147.35 Critical Information Akaike criterion 306.673
Critical Bayesian Schwarz criterion 309.060 Critical Hannan–Quinn criterion 305.168

Source: own elaboration based on [44].

As we can see from Table 3, the most important variable was X3—installations using the
energy of solar radiation and X5—installations using hydropower. The results demonstrate
that electricity production from renewable energy sources depended mostly on these factors.
The developed model fitted the data well, as evidenced by a high R2 (R2 = 0.91; F = 21.506).
Table 3 indicates that 91% of the variations of energy production are caused by independent
variables. The F-statistics demonstrate a highly significant level for the model. Based
on the equation, investment in solar energy will cause 1,47 TWH in Poland. Moreover,
investments in installations using biogas will cause 1.15 TWH in Poland.

The regression equation is as follows:

Y1= −3.229 + −6568.65X1 − 880.39X2 + 905.72X3 − 36.11X4 + 35998.6X5

The model explains the development of electricity production from renewable energy
sources in Poland. Biomass, which has the biggest deliver of electricity, did not have such
impact. The trend with the use of biomass will change, its share will decrease, whereas the
share of energy from wind and photovoltaic will increase. Hydropower installations, which
are also important, will not play a decisive role in Poland as its share in energy production
is small.

The choice of model was carried out based on data analysis. We did three tests to
analyze the model: the Durbin-Watson test, the White test and the Breush-Pagan test. The
test results are presented in Table 4. Based on the research results from Table 4, we cannot
reject the null hypotheses of these tests. The null hypothesis in the Breusch-Pagan test is
about the lack of differentiation of individual effects and cannot be rejected. The p values
for three tests are quite high.

Table 4. Results of the tests for the model.

Tests Explained Variable-Electricity Production
from Renewable Energy Sources p Value

Durbin-Watson test 2.56645 0.213

White test 11.000 0.357

Breusch-Pagan test 3.343 0.647

Source: own elaboration based on [44].

71



Energies 2022, 15, 8771

5. Discussion

Renewable energy sources are future energies, which has an influence on the EU
economy. In the 21st century, the world faced many challenges including important events
like the COVID-19 crisis, and the war between Russia and Ukraine. Research showed that
the COVID-19 crisis caused a decrease in the use of fossil energy and renewable energy in
the European Union [41].

The effect of the COVID-19 crisis resulted in decreased levels of air pollution. How-
ever, the lockdown had a negative impact on the economy and health levels of society.
The use of fuels and other sources of energy decreased, causing a drop in climate con-
tamination. Conversely, the relaxation in lockdown increased pollution emissions to the
environment [54].

The Polish and European Union system is based on emission trade. Energy companies
should have green certificates, which confirm property rights and support the production
of energy from renewable energy sources [19].

The Polish energy system is undergoing changes from a command-and-control econ-
omy to a free market economy. However, the economy transformation caused both unem-
ployment and energy consumption to increase. The fossil fuel market is declining because
of requirements of the European Union, with the focus on creating a carbon-free economy
by 2050. The COVID-19 crisis and the war between Russia and Ukraine deepened the
problem of energy shortage. Renewable energy sources are an opportunity for the Polish
energy sector because the coal sector is inefficient to meet demand. The cost of importing
coal from Russia was lower than Polish production.

The development of RES and its share in energy production depends on policy makers.
They should take into account all aspects of the development and the state of infrastructure,
including lines and buildings. Local government should consider social consultancies,
which help to define the problem and generate better solutions. Sustainability should be a
priority and investment in renewable energy sources should be linked with innovations
transfer.

Another important issue with the development of RES and their impact on electricity
production is the importation and transfer of technologies. The innovative technologies
must be adjusted to local conditions, which can be a problem. Moreover, the reduction of
financial support for the mining industry may cause a lower use of hard coal and lignite,
enhancing the need for electricity from more renewable energy sources.

Our research showed the key role of investments in developing renewable energy
sources. Wind and photovoltaic will play a major role in energy production in Poland. The
share of RES from biomass will decrease. Hydropower installation will fill the gap in the
energy mix in Poland.

6. Conclusions

The Polish coal industry is undergoing crisis because of the policy of the European
Union forcing the common market to introduce a carbon free environment. The sector
needs the necessary investment, but the European Union is going to be a carbon free market
by 2050. The problem will be solved by replacing carbon mines by renewable energy
sources and nuclear energy [72–74]. A very important role will be played by agriculture,
which delivers both biomass and biogas, but also leads to environmental degradation [75].

The results of the present study indicate that significant changes in the development of
RES in the EU have occurred. Moreover, the COVID-19 crisis led to a reduction in demand
for renewable energy sources with the drop in economic growth [48].

At the beginning of the COVID-19 crisis, the EU and the world observed a positive
environmental impact globally because of the lower emissions of greenhouse gasses. The
lockdown during COVID-19 positively impacted the environment [55]. However, the
COVID-19 pandemic had negative impacts on both the health sector and the economy.
Future policies should be characterized by financial support to reduce the negative effects
of pandemics and to harmonize human existence with nature. The policy should include an
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holistic approach with different strategies, such as reducing the use of cars and promoting
e-mobility and a low-carbon environment [60].

Our research showed the need for the continued development of renewable energy
sources in Poland and other countries of the European Union. However, Poland still
depends on fossil fuels, such as hard coal and lignite. The expanded analysis shows that
the biggest share of energy production is still from hard coal (44.3%) and lignite (24.4%).
Additionally, renewable energy sources are playing a more important role because the
share of wind power is 13.6% and photovoltaic 5.2%.

The results of the regression analysis show that the coefficients of X3—installations
using the energy of solar radiation and X5—installations using hydropower, were positive,
showing that they are driving forces in the production of electricity from renewable energy
sources. Based on these results we can recommend that the drivers of electricity production
from RES should increase economic growth.

The installations in RES are developing well but the pace is not sufficient to cover the
deficit in electricity production. RESs can fill in production deficiencies but the pace of their
development should be faster. The investment in installations using the energy of solar
radiation and installations using wind energy should be increased.

Our research also has implications for policy makers. For example, the photovoltaic
installation obstacles should be eliminated. Next, a cost reduction should be implemented.
The installation of a 10 MW system for household use is about PLN 40,000. This is too large
a cost for the average family, which struggles with economic crisis. The next challenge to
be solved with policy changes is energy storage from photovoltaics. The energy system is
not prepared for storage, and energy is currently gathered by a national company. A policy
promoting the local storage of energy from PV and other RES should be established.

This work analyses the impact of installations of RES on the production of electricity
from these sources. Our research proved that the investment in renewable energy power
installations helped to increase electricity production. Hypothesis 1, assuming that the
share of renewable energy sources production in Poland have improved after accession to
the EU, has been positively verified. Poland and other countries of the EU were obliged to
increase the share of electricity production from RES. Until 2020, Poland had to reach 15%
of renewable energy use in total energy. Poland fulfilled its obligations and reached the
level of 16%.

Hypothesis 2, assuming that the EU policies support the development of renewable
energy sources in Poland, which has a positive impact on clean energy production, has
been verified. The EU and the national government of Poland is providing support for
renewable sources installation, which creates demand for these energy sources.

This research also has limitations. The most important is the problem with access to
the newest statistical data. The problem with access decreases the efficiency of this research
and limits the possibility of other discoveries. Other limitations can be the problems with
COVID-19 pandemic assessments. All the literature proves its negative impact on societal
health and the economy, but no current research directly examines the impact on the
energy sector.
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Abstract: The economic crisis caused by the COVID-19 pandemic reinforces the problem of rising
electricity prices, which mainly affects countries that are forced to pay ever-higher CO2 emission
allowance fees (e.g., Poland). In the light of signals confirming the need for intensive development
of the wind energy market in the Baltic Sea region, the authors consider the need to examine this
issue concerning Poland and the Baltic States (i.e., Lithuania, Latvia and Estonia) as extremely
important and demanding. The development of the RES market is currently an absolute necessity.
The immediate neighbourhood and similar general social and economic conditions of Poland and the
Baltic States enable factual comparisons, reinforcing the rationale for choosing the adopted research
area. The main objective of the study was to assess the development of the wind energy market in
Poland in the background of the Baltic Sea bordering countries in the era of the COVID-19 pandemic,
in order to try to answer the question: what direction of wind energy development in Poland in the
realities of the COVID-19 pandemic is justified and may have an impact on limiting the increase
in electricity prices in this country? In this context, it turned out to be particularly interesting to
identify solutions practised in the wind energy market in the Baltic States with their potential to be
applied in Poland. The research instruments were drawn from an economic analysis and evaluation
of phenomena and supported by the results of our own research (questionnaire) conducted on the
Polish energy market, to substantiate the findings.

Keywords: energy market; renewable energy; wind energy; electricity prices

1. Introduction

Rising prices characterise today’s economic reality. Households, industry and services
are being charged more for their utility consumption, in particular electricity and gas bills.
The socio-economic situation has further been complicated by the coronavirus pandemic,
reinforcing the burden on state budgets to fight the spread of the virus and the wide-ranging
adverse effects of its effects. In addition, the unclear political situation in Eastern Europe
increases the uncertainty as to the future of the energy market in this region, which is
primarily powered by fossil fuels imported from the East—in the case of Poland [1], mainly
hard coal from Russia, with a very significant scale of imports, exceeding the average
annual amount of 8 million tonnes.

It must be emphasised that all fossil fuels are becoming scarce, thus their price on
global exchanges is constantly increasing, entailing an increase in production costs [2]
and, consequently, an increase in the sale price of electricity on the market. The scarcity
of fossil raw material deposits, especially high-calorific ones, does not ensure energy
security in the long term. Their processing generates pollution, mainly responsible for
increasing climate changes [3], with irreversible consequences. The above motivates the
world to tighten environmental policy in the area of energy production, increasing CO2
emission allowance fees, entailing a drastic increase in the cost of energy production, which
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has affected Poland in particular recently, amplifying the crisis caused by the COVID-
19 coronavirus pandemic through a significant increase in electricity prices. The above
(leading) justifies and motivates the exploration of renewable energy issues, outlining the
prospects of obtaining cheap, ecological electricity.

The renewable energy market is the most appropriate direction for developing the
energy market. Energy obtained from wind or solar radiation, geothermal energy or energy
obtained from currents, waves, tides, falling rivers or from biomass [4] is the most nature-
friendly (climate-saving [5]) and necessary [6] formula for equipping the modern world
with electric energy. As a rule, obtaining energy this way is free of the emission of harmful
substances, including greenhouse gases [7]. The above is an important motivation for
obtaining energy from alternative sources [8], creating a significant trend observed in the
world. However, this development is important in various countries [9], including North-
Eastern Europe. Different countries in this region implement solutions related to obtaining
“green energy” to a different extent. There may be many reasons for this, including:

− Environmental and geographic conditions that give rise to or limit the applicability of
a particular solution;

− The level of the greening of life and public education on the options available for
obtaining energy and reducing the cost of its acquisition;

− The degree of motivation to undertake activities oriented towards acquiring energy
from renewable sources, associated with clear and simple procedures for the construc-
tion of energy acquisition installations (the dimension of formal and legal regulations),
together with financial support for their implementation and maintenance (subsidies,
grants, tax exemptions, tax reliefs);

− Other.

The differences observed against this background are strongly marked globally, in-
cluding in the Baltic region. The presented context highlights the need to recognise the
current energy market situation in Poland and the Baltic States, as its stability determines
the reality of the functioning of social and economic entities [10,11] in this region. Hence,
the overall objective of the paper is to explore the progress of Poland and the Baltic States
in implementing solutions oriented at obtaining energy from renewable sources. The
immediate vicinity and similar geographical and environmental conditions of the countries
adopted for the analysis ensure their comparability, potentially drawing on the results of
the findings. The above justifies the outlined research context.

The main objective of the study was to assess the development of the wind energy
market in Poland in the background of the Baltic Sea bordering countries in the era of
the COVID-19 pandemic, in order to try to answer the question: what direction of wind
energy development in Poland in the realities of the COVID-19 pandemic is justified and
may have an impact on limiting the increase in electricity prices in this country? To this
end, it is necessary to diagnose the current energy market situation in the Baltic Sea basin
countries, with particular emphasis on wind energy as a potential for development of the
“green energy” market. At the same time, an interesting thread of research is whether
Poland—a country with a low level of drawing on RES solutions in the set of analysed
countries—develops the wind energy dimension as strongly as solar energy [12] and what
the prospects of its development in future periods are.

On a detailed level, the paper diagnoses the state of the electricity market in Poland
and the Baltic States in the current economic conditions (including the impact of the COVID-
19 pandemic on this market), outlines the essence of the wind energy process and exposes
the economic conditions of this process.

However, the main research objective of this study is to try to find out what kind
of renewable energy market development solutions—with particular emphasis on wind
energy—can be introduced in the Baltic States, especially in Poland, to strengthen the local
energy market and make a real contribution to lower electricity purchase prices.
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The configuration of countries defined for this research also provides the possibility of
multifaceted support for this research with published data available in industry reports
from numerous sources.

The structure of this study includes:

− Part 1—introduction;
− Part 2—a literature review related to the economic background of wind energy market

development worldwide;
− Part 3—research results in the area of the wind energy market in Poland and the Baltic

States, including an assessment of its current and potential development directions;
− Part 4—discussion and conclusions.

The findings of this study are a fundamental contribution to the attempt to solve the
problem of finding solutions for the development of the renewable energy market, with a
particular emphasis on wind energy, which may realistically contribute to lower electricity
purchase prices in Poland and the Baltic countries.

Despite the quantitative and spatial limitations of the study, the presented results give
a significant view on the possible development potential of a cheap wind energy market in
the studied area, providing a basis for further research and analysis.

2. Wind Energy in the Global Energy Market—Literature Review
2.1. Wind Energy as a Global Energy Market Direction—Empirical Findings

There are numerous publications in the literature on RES, but bibliometric research
has revealed that only 12.76% of them deal with wind energy [3].

Energy demand in the world is increasing, from the strong development of the infras-
tructure of cities, transport and broadly defined services [13–15]. The stability of the energy
market assumes an increasing importance for the undisturbed functioning of societies and
the continuous development of world economies [16]. It is worth noting that this trend
has been reinforced by the outbreak of the COVID-19 coronavirus pandemic, articulating
“remote working”, “remote teaching” and “remote consumer behaviour” and reinforcing
electricity consumption.

The literature provides many analyses on the issue of the influence of energy conditions
on the functioning and development of economies [17]. The cost of energy purchase plays
an important role in shaping the structure of household budgets and strongly influence
the cost of production of goods and provision of services, modelling the strength of the
economic cycle. The above motivates the search for solutions giving the possibility to obtain
cheap energy, stabilising the realities of functioning in the light of energy security [18].
In this regard, the RES market offers many solutions that constitute an alternative to the
perspective of capital-intensive energy import [19], the choice of which is conditioned by
the appropriate resources of renewable sources in the area creating the energy demand,
which is the key justification for undertaking specific challenges with economic effects.

The shift in consumer preferences towards “green energy” observed worldwide results
in a growing demand for it and an increasing trend in the development of the RES mar-
ket [20], as a widely recognised alternative to conventional sources of energy generation [21].
However, does the scale of this development match the degree of increasing demand for
energy from renewable sources? What economic aspects are associated with this course
of action? These issues are of particular importance in countries that are generally depen-
dent on energy generation based on classical solutions [22] (e.g., Poland [23]). The cost
of energy production based on traditional solutions is shaped not only by the increase
in the prices of energy-bearing fossil fuels and capital-intensive production technology,
but additionally burdened with significant (increasing) environmental charges, including,
among other things, the rights to emit carbon dioxide into the atmosphere in connection
with the production performed, which in Poland currently exceeds EUR 20 billion. The
above should also include the financial burden of damages caused by the implementation
of traditional manufacturing processes (e.g., EUR 45 million to the Czech Republic for the
operation of lignite mines and the Turów power plant in Poland, as compensation for the
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outflow of underground water from the national territory, air pollution, dust emissions and
noise). Efforts to reduce the negative effects of traditional electricity production, leading to
a strongly increasing market price of electricity per 1 kW, are determined by the adopted
direction of the energy policy of countries [24], which, to varying degrees, open themselves
to sustainable development [25,26] and follow the technological thought, in this field with
a strong environmental and economic justification.

The literature highlights the global development of the renewable energy market [22]
and the growing interest in RES solutions. Wind energy is particularly interesting [27],
and is recognised as an important energy source [3]. This position is supported by the fact
that wind energy reached 1590 TWh in 2020, accounting for 5.9% of the global electricity
demand. China was the leading producer of wind energy in 2021 (half of the global
capacity). Among European countries, Denmark (49.7%), Ireland (22.9%), Portugal (22.3%)
and Spain (17.7%) achieved the highest share of wind energy in their national energy
production [28]. The total global wind power capacity currently reaches 743 GW, affecting
the unit price of power purchase and reducing CO2 emissions to the atmosphere at the
level of 1.1 billion tonnes of CO2 [29]. The offshore wind energy market development is
particularly noteworthy in the global wind energy market, with its global active capacity
currently exceeding 50 GW, reaching a 0.3% share in the global energy supply.

The presented stage of the literature review confirms the strong development of the
wind energy market in the global energy market. World powers and European countries
are analysed and evaluated—in particular leaders in selected areas of the energy market or
selected performance of particular countries together—mainly to determine their places in
the ranking of results. In the authors’ opinion, insufficient research has been carried out on
Poland compared to other countries from its environment, i.e., Central and Eastern Europe,
hence the inspiration to take up the issue specified in the paper’s objective. The above is
particularly important as the analysis of solutions applied in the economic practice of the
Baltic countries may provide a stimulus for the development of the wind energy market in
Poland; on the other hand, the analysis of solutions applied in Poland may be useful for
modelling energy policy in the region.

The above reinforces the rationale for the analytical direction adopted in this study, fo-
cused on identifying this dimension of the energy market in the RES market, and this choice
is reinforced by the results of the Sustainable Development Report 2019, Transformations
to Achieve the Sustainable Development Goals [30], revealing the places of the analysed
countries in the ranking of 193 UN members on the implementation of the Sustainable
Development Goals by 2030 (including the green energy index), where Estonia is ranked
10th, Latvia 24th, Poland 29th and Lithuania 32nd (the authors were not able to determine
the ranking in this respect during the COVID-19 pandemic).

2.2. Economic Background of Wind Energy in the Global Energy Market—Theoretical Findings

The issue of substantive and economic justification for implementing wind power
projects is a constant point of analyses and discussions in the literature, as the primary
motivation for undertaking any investment activity is the widely considered issue of cost
optimization. The background of economic justification of investment activities undertaken
on the wind energy market determines the efforts focused on increasing the efficiency
of existing solutions in this area. Hence, this theme is present in the following part of
the literature review, the purpose of which is to outline the essence of wind energy and
articulate important determinants of wind installations, which in effect determine the cost
of access to cheap electricity from the source in question. This is a particularly important
consideration in the era of the COVID-19 pandemic.

2.3. Energy from Wind Is Created Based on the Wind Energy Conversion Factor (VSCF)

The most commonly used solution in this area is the use of a doubly fed induction
generator (DFIG) and permanent magnet synchronous direct-drive generators (PMSG) [27].
These are the most popular wind energy conversion systems, the essence of which is created
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by the process of converting mechanical power from the wind turbine to alternating electric
current, which, with the use of a converter (with a dc link), is converted to direct current,
which in turn, with the inclusion of an additional PMSG inverter, can generate direct
current with a voltage and frequency that allow the plugging into the grid [27]. However,
integrating wind power into the power system implies many challenges. These include
the problem of subsynchronous resonance (SSR), whose induction is derived from the
wind turbine being connected to a series-compensated transmission line, or the provision
of low-voltage ride-through (LVRT) [31]. Adaptability to wind speed is an important
aspect determining the cost of construction and maintenance of a wind installation (turbine
selection). The construction of transmission lines and energy storage facilities creates
the remaining main costs, giving an average investment per megawatt-hour of just over
EUR 40 [29]. However, attention should be drawn to the fact that the market turmoil caused
by the COVID-19 coronavirus pandemic may contribute to a correction of the indicated
price ranges.

Wind power is a key determinant of the efficiency of a wind installation. It is essential
to characterise its strength in the field (mapping the geographical distribution of the wind
resource potential [32]) in connection with the planned construction of a wind unit in
order to relate the actual wind resource conditions to the installation parameters (turbine
power [33]). This task is difficult, usually requiring many years of measurements and
analyses, often regarding probability density functions (PDFs) [34]. Improving NWP+ML
models for wind power prediction is becoming important [35–39]. The analysis of wind
speed and wind power density distributions provides a basis for determining indices for
selecting turbine power [40] under their planned performance. This is necessary to ensure
the output and high quality of the electricity [19] (e.g., without voltage fluctuations [41]).
At the same time, it is important to ensure a smooth operation of the system, minimis-
ing turbine outages and limiting the occurrence of mechanical stresses, which increase
maintenance costs. The above reveals the relation between the maximum energy obtained
from the wind and the cost of maintaining the installation [31]. Capital-intensive solutions
to the overproduction of electricity and the need to store or dispose of surpluses cannot
be ignored.

In order to maximise the use of energy obtained from wind and increase the economic
effect of projects related to wind installations, it is justified to monitor system power points
(MPPT) based on the control of the inverter connected to the generator. In this respect, the
literature points to several methods [27,42–44]:

− Power feedback control MPPT;
− Fuzzy-logic-based control MPPT;
− Optimum tip speed ratio control (TSR MPPT);
− Hill climb searching control (HCS MPPT);
− Other.

Through the prism of optimising the efficiency of wind power installations, the above
determines their effectiveness, increasing the economic justification of projects related to the
acquisition of energy from wind. However, at the basis of the efficiency of wind installations
lies the issue of the positioning of wind turbines strictly concerning wind resources and not
in relation to the aesthetic value of the installation’s setting in its surroundings [45], which is
all too often noted in practice (in particular in cities). In this respect, the level of knowledge
on available wind energy resources and their stability is important. Scientific positioning
of installations is an expensive undertaking, based on long-term and capital-intensive
tests [46]. It is crucial to reduce the capital-intensive failure rate of wind farms, subject to
the influence of highly turbulent flows from waves in the wind installation [47] or ambient
turbulence [48].

The choice of the right one out of the available directions for “green energy” is facili-
tated by energy research. It provides a basis for modelling sustainable energy generation
and energy management solutions, which, as a rule, involve a technological revolution re-
quiring significant capital expenditure to construct energy generation and storage facilities.
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The demanding area in this respect is the random energy carrier. The measurement and
proper selection of the parameters of a wind installation assume a critical importance for
its efficiency, determining the return on capital over the assumed period [49,50]. However,
the risk of estimation error here is significant due to the variable nature of the resource.
However, given the steady increase in conventional power generation costs, the economic
justification for undertaking wind energy production should be continuously increasing,
considering the risk dimension outlined.

The presented literature review outlines the economic background of wind energy in
the global energy market, indicating the importance of the problem for the cost potential
of wind energy. Only an economically viable solution in wind energy can contribute to
the cost-effective production of 1 kW of electricity through the conversion of wind kinetic
energy. A complete knowledge in this area will provide the fullest possible view of the
problem. It will provide the basis for reliable cost calculations, enabling the modelling
of the payback period for an investment in a wind energy installation, in line with the
profitability calculation model (rate of return), which assumes a particular importance in
times of crisis caused by the COVID-19 pandemic.

3. Materials and Methods

The search for answers within the scope of the defined theses required the observance
of the principles of comprehensibility of the research process and its relevance to informa-
tion needed to interpret the analysed phenomena and predict their development properly.
Hence, in the introduction to the paper, the conceptual dimension of the research was
defined—it assumed an empirical and analytical character. The core of the research is the
analysis of industry reports from the energy market in Poland and the Baltic Sea Region
countries (Lithuania, Latvia and Estonia) adopted for the analysis and statistical reports
and studies prepared at the level of individual countries and the European Union. At
the same time, methodological limitations should be mentioned, resulting from potential
differences in determining certain economic categories, which are the input data to the
analyses (e.g., source material in the form of reports). The study was also based on our
own research results concerning the diagnosis of wind energy development potential in the
Polish energy market. Due to the order of evaluation of the problem studied in the study,
the following methods were applied:

− Deductive (fragmentation), growing out of a thesis formula based on synthetic results,
allowing for a search for causes and effects in order to identify them in detail;

− Inductive (fusion), which allows the exploration of individual themes and their subse-
quent generalisation in the form of conclusions and evaluations.

The above simple methods of analytical procedure were applied to a number of
research dimensions undertaken in this study.

The research included situational and comparative analysis methods. In the analysis
of trends in the development of phenomena, techniques specific to the prediction of phe-
nomena were applied. The layout of the research was systematised in the algorithm below
(Figure 1):
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Figure 1. Research algorithm.

The literature research was based on numerous national and international industry
studies, considering the most recent research on the subject. Particular attention in the
world literature analysis was paid to considerations related to the wind energy market,
considering its current development trends. The content analysis was critical of current solu-
tions in increasing the operational efficiency of wind energy installations, which strengthen
the economic justification for their construction.

The literature on wind energy is quite extensive. It presents numerous solutions
concerning wind power installations’ technical and economic aspects. The importance
of the subject matter for the development of economies has been emphasised. There is,
however, a lack of appropriate studies at the level of individual countries, including a
significant topic for the authors, i.e., the assessment of development prospects of the wind
energy market in Poland in the realities of the global energy transformation. The above
justifies the choice of the topic and the instruments used to explore it. Hence, the research
was based on international professional literature comprising articles and scientific studies,
including international reports, forecasts and estimates.

The authors have dealt with the key trends and issues in the research, allowing the
analysis of experiences on a global scale, in comparison with the experiences of the Baltic
States and Poland, to answer the questions posed in the study. In this respect, a critical
analysis of the current situation was carried out, taking into account the findings of our own
research (interviews with selected companies from the energy sector—RES branch) to create
reliable conclusions. In order to reliably assess the prospects for the development of the
wind energy market in Poland, the results of our own research, “Effectiveness of offering—
RES” (analysis of questionnaires and opinions of customers and potential customers of a
major wind energy design company in Poland, November 2021) were used. Moreover, the
results of this research dimension made it possible to define recommendations that added
value to the findings.

The authors’ primary objective is to deepen the knowledge taking into account the
results in the field of green energy, to use it in the definition of a model for wind energy solu-
tions tailored to the realities of the Polish economy and the countries of the Baltic Sea basin.
The above serves as a basis for modelling wind energy development plans and further
research, broadening the spectrum of data and allowing for reliable modelling forecasts.
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4. Results
4.1. Determinants of Wind Energy Market Development in Poland and the Baltic States

The main justification for implementing renewable energy solutions is the rising cost
of conventionally produced electricity. This cost assumes a particular importance in the
economic dimension in the era of the COVID-19 pandemic, contributing to price increases
that financially hit society and business. At the same time, the social dimension is important,
in the form of a negative impact on the environment (emissions, discharges, noise) with
continuous deterioration of the quality of life in a polluted environment. Essential for
investment activities in the field of RES are economic conditions of the outlined phenomena,
directly related to the price of electricity, which, from 2019 through 2021 in specific tariff
groups, increased for Poland (+10.6%) and Lithuania (+3.1%), and was adjusted downwards
(reduction) for Latvia (−3.35%) and Estonia (−7.5%) [51].

The average purchase price of electricity of Poland and the Baltic States at the turn
of the year 2021 and 2022 reached an average level of EUR 0.145/kWh. The detailed
distribution of prices per 1 kWh from January 2019 to the beginning of January 2022 in
Poland and the Baltic States is presented in Table 1.

Table 1. Average electricity prices per kilowatt-hour from January 2019 to early January 2022 in
Poland and the Baltic States [52].

Average Electricity Price in the Period 2019–2022 EUR/kWh
(Month/Year)

January–December
2019

January–December
2020

January–June
2021

December
2021–January 2022

Poland 0.14 0.15 0.15 0.17

Lithuania 0.12 0.13 0.13 0.14

Latvia 0.16 0.14 0.14 0.14

Estonia 0.14 0.13 0.13 0.13

The above reveals higher electricity purchase prices in Poland than the Baltic States
analysed, by 17.2% on average. Hence, it is reasonable to carry out a more detailed analysis
of the burden structure of electricity price increases in Poland in the period 2019–2022
(Figure 2).
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The effects of the significant increase in electricity purchase prices in Poland from
January 2022 were amortised by a reduced value-added tax rate from 23% to 5% [53].

The analysis of detailed parameters of electricity price increases for end consumers,
by tariff group, carried out by the leading electricity supplier in Poland in February 2020–
February 2022, revealed the values shown in Table 2.

Table 2. Electricity price increases for end consumers of the leading electricity operator in Poland, by
tariff group, in the period February 2020–February 2022 [54–58].

Segment Tariff Group Tariff

24 h Gross Commercial Service Rate (EUR/MWh)

Value Change (Month/Year)

From From From From From

February 2020 July 2021 November 2021 January 2022 February 2022

EUR/MWh

BIG
BUSINESS

Mega business A21 90.3 99.4 114.2 140.5 189.7

Business B21 90.3 99.4 114.2 140.5 189.7

Standard B11 93.9 103.3 118.7 143.6 193.9

MEDIUM
BUSINESS Company C21 0.09 0.10 0.12 0.14 0.19

SMALL All day C11 0.09 0.10 0.21 0.14 0.20BUSINESS

Segment Tariff Group Tariff

24 h Rate for Commercial Service

Gross (EUR/MWh)

Dynamic of Price Changes (Month/Year)

February
2020–July 2021

July 2021–
November 2021

November
2021–January 2022 January 2022–February 2022

EUR/MWh

BIG
BUSINESS

Mega business A21 +9.09% +13.01% +18.70% +25.9%

Business B21 +9.09% +13.01% +18.70% +25.9%

Standard B11 +9.08% 13.01% 18.70% +25.9%

MEDIUM
BUSINESS Company C21 +6.86% +12.8% +17.60% +26.04%

SMALL All day C11 +16.8% +49.5% −43.24% 26%BUSINESS

The elements of the current price structure adopt the following relationships:

− Cost of electricity generation;
− Distribution cost;
− Cost of CO2 allowances: 22.61%, with calculations of 59% being encountered;
− Transition charge;
− Cogeneration charge;
− RES charge;
− Power fee;
− VAT.

The expiry of the Electricity Pricing Act, which was in force until the end of 2019,
contributed to a severe price increase from January 2020. During this period, the charges
for daily CO2 emissions started to increase dramatically from the previous level oscillating
around EUR 30/ton in January 2020, through a level in the range of EUR 60/ton in
December 2020, to a level exceeding EUR 85/ton in December 2021. This mechanism has
directly shaped the currently quoted electricity price level.

Against the background of the analysed group of countries, Poland had the highest
electricity price increase, although compared to the European average, this result did not
look too bad—Figure 3. Unfortunately, the Energy Regulatory Office forecasts in Poland
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do not reassure consumers. Further increases in energy production costs and distribution
prices are expected.
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Another factor contributing to the global increase in electricity prices is the random
factor of the COVID-19 coronavirus pandemic. The negative economic impact of this
condition can be attributed to temporary restrictions on the extraction of fossil fuels and
rising material costs, disrupted supply chains, production and shipping processes—due
to business restrictions, up to and including lockdowns. At the same time, the trend in
electricity demand continues. This background draws a strong demand for energy from
renewable sources, which takes the largest fixed share of the energy system with the lowest
variable costs, ahead of nuclear power plants, but above all of the least economically viable
coal-, oil- and gas-fired power plants. In modern energy policy, the share of the latter is
assumed to be complementary to the RES and fission energy base in production processes,
whereby high energy demand results in their continuous integration into production
processes. In this way, cheap energy from renewable sources is increased by the actual
cost of producing “expensive electricity”, shaping the current market price of purchasing
1 kW—Figure 4.
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Figure 4. Electricity price structure [59].

The analysed model of the energy system illustrates the necessity and economic
justification for taking actions aimed at strengthening the share of RES solutions in the
overall energy system, and the observed upward trend of components creating the structure
of electricity prices in Europe strongly motivates to take action.

Considering the discussed topic at the level of the Baltic Sea states adopted for the
study, a significant importance in the modelling of energy supply solutions can be attributed
to the uncertain policy of the East. It is worth noting that on 8 and 11 April 2021, Lithuania
was cut off from energy supply from Belarus, while Latvia stopped importing energy
from Russia. Hence, in December 2021, during the Baltic Council of Ministers with the
participation of the heads of government of Lithuania, Latvia and Estonia, the direction of
achieving energy independence and national security of the region by plugging into the
electricity system of the continental European grid in 2025 was confirmed, as well as the
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need to increase electricity production in order to reduce its prices. The argumentation cited
in the paper indicates that the most appropriate direction for strengthening the energy base
is the RES market, hence the expectation that the countries of the Baltic Sea Region will also
follow this direction. The above expectation has turned out to be fully justified, as the Baltic
Sea countries are strongly investing in a green energy industry strategy, including solutions
oriented towards the conversion of the kinetic energy of moving air masses into electricity,
using wind turbines. The benefits of these installations are tangible. According to the
latest reports (8 February 2022), the January wind contributed to lower electricity prices
in all the countries of the Baltic Sea basin, where wind installations are important in the
overall energy system. The above is expected to reduce electricity prices month-on-month
in Lithuania (−31%) and stabilise relatively favourable electricity prices in Latvia and
Estonia. This is an important argument confirming the rightness of making efforts for RES
development, with a particular emphasis on wind energy in the Baltic Sea region analysed.

4.2. Analysis of the Wind Energy Market in Poland and the Baltic States

The wind energy market in Poland and in the countries around the Baltic Sea is
developing rapidly. In Poland, where the dominant power sources in the energy mix
are coal and lignite, the capacity of installed onshore wind installations in 2020 reached
6.35 GW, and in 2021, the electricity production from renewable RES sources were nearly
28 TWh, where almost 16 TWh (57.14%) came from wind energy [29] (the share of RES in the
total electricity production in Poland in November 2021 was 15%). The above indicates that
wind energy may be an important link in transforming Polish conventional energy into an
environmentally friendly (clean) and attractive (cheap) one for consumers. The restriction in
the development of wind farms in the period 2017–2019 (with 2017 dynamics to 2018: 0.7%,
2018 to 2019: 1.01%, 2019 to 2020: 6.77%) was triggered by unfavourable formal and legal
regulations (“Distance Law”), defining minimum distances from buildings (10 times the
height of the installation), which the wind energy sector expects to be liberalised (abolition
of the 10H rig), in order to enable the implementation of projects related to its development
in Poland, through the construction of technologically advanced, economically efficient
farms. With the revision of the regulations announced for this year, the construction of new
onshore installations could be launched as early as 2024. The current regulations encourage
the search for solutions in offshore wind farms. The potential of the Baltic waters in this
respect is immense, as the farms currently operating in this territory provide only 2.6 GW,
with a diagnosed potential by 2050 of 90 GW [60]. According to “Poland’s Energy Policy
until 2040”, in 2030, Polish wind energy will continuously increase its capacity and, through
investment, the first offshore wind farms are to be commissioned in 2024. The year 2040 is
to be characterised by 11 GW [60] of capacity. Such a strong development must be ensured
by basing the domestic RES energy market on wind energy [61]. The resilient development
of this energy sector in Poland attracts the attention of neighbouring countries as more and
more countries in the Baltic Sea region are interested in Polish wind energy companies,
particularly Lithuania.

Lithuania’s share of renewable energy production in the energy balance of the Euro-
pean Union already reached an impressive 80% in 2019. Lithuania’s further efforts in the
sphere of RES strengthening are evident. The development of wind energy is progressing
gradually. The total capacity of wind power plants has reached 400 MW, of which 25% is
the power generated from the installations put into operation during the pandemic (2021).

In Lithuania, similarly to Poland, a significant attention has been focused on offshore
wind energy. Analyses of the potential of offshore wind farms in the Baltic Sea are being
carried out, and their capacity is estimated to be 700 MW, which from the supply side
gives 2.4–3 TWh of energy potential, with the capacity to secure at least 25% of Lithuania’s
electricity demand. Importantly, offshore wind farms are expected to power Lithuania’s
grid by 2030.
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Wind energy development is currently a priority in Lithuania, related to strengthening
energy independence. This is a very important topic, as 60% of the energy needs in
Lithuania are secured through imports.

The Latvian RES market is created by hydropower and biomass plants and a wide
potential of wind energy, creating the share of renewable energy in the EU balance at the
level of 35.2%, giving it the third position among the EU countries. Riga decision makers
plan to gradually expand the share of wind technologies in the adopted energy policy
and gradually move away from basing electricity production on firewood. According to
Latvia’s assumptions and climate aspirations, the share of RES in the total national energy
market is to reach a level of up to 55% by 2030. In order to realise the above, Latvia has
limited the financing of investments based on fossil fuels or natural gas, while introducing
an attractive system of tax incentives, orienting the development of the sector towards clean
energy. Wind energy plays a particularly important role in this sphere, with a potential
demand for about 500 MW of generating capacity, in order to achieve the assumed goals of
improving energy efficiency in this country.

The RES market has been strongly established in Estonia. The raw material most
heavily used in energy production there is high-carbon bituminous shale, whose energy
production, as recently as 2018, accounted for 70% of the market share, overtaking the
energy supply of biomass resources, where greenhouse gas emissions from shale energy
production took 90% of Estonia’s total emissions volume. The above has prompted the
search for alternative energy sources.

In 2018, 1665 GWh of electricity was obtained from renewable sources in Estonia,
which represented a 17% share in the energy mix. In 2020, the level of RES in the total gross
consumption had already reached 30%. Perhaps the resilient development of this market is
determined by the essential participation of the Estonian State Treasury companies in the
structure of the sector’s entities, together with the system of incentives in connection with
offering certified ecological packages.

An increased demand for green energy results in increased RES activities in the studied
region. The above results in interest in wind energy potential obtained at sea [62–64] (the
Baltic Sea), a strongly growing source of renewable energy [65,66]. This creates opportu-
nities for an intensive development of Poland and the Baltic States in wind technologies,
contributing to the planned reduction of greenhouse gas emissions and increasing the
economics of wind power generation, determining the market price of electricity. Dynamic
wind energy development is hampered by current, often underdeveloped, formal and legal
regulations. The above refers in particular to innovative solutions undertaken for the first
time at the level of individual economies, such as challenges in the sphere of innovative
offshore wind farms in Poland.

The capacity of the energy systems of individual states is in the interest of neighbouring
countries. The degree of energy security of the region is determined by the dimension of
international cooperation on the issue of connection to general wind systems and cross-
border cooperation in the sphere of energy exchange and supply. In this respect, the
strongest field of cooperation is seen in the wind energy of the Baltic Sea states.

Latvia and Estonia cooperate on offshore wind energy by working on wind solutions
in the Gulf of Riga. More intensive wind energy development in the region calls for
cooperation between Poland, Lithuania, Latvia and Estonia [67]. In the total offshore wind
potential of the Baltic Sea (93.5 GW), Latvia has the highest share of 15.50% with 14.5 GW
of installed capacity and Lithuania has the lowest share with 4.8% and 4.5 GW [68]. The
detailed distribution of shares in the potential in question is presented in Figure 5.
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Figure 5. Share of Poland and the Baltic States in the potential of wind farms in the Baltic Sea [68].

This requires investment in the infrastructure necessary for the production and trade of
energy, which is nowadays connected with a system of efficient, intelligent and cyber-secure
networks. This dimension of investments is to be substantially fuelled by the European
Union, focusing on the development of infrastructure for network connections between
countries across the Baltic Sea. The potential of the sea is a key instrument in reducing CO2
emissions, according to the European Green Deal [69]. Importantly, these tasks are carried
out in the reality of the COVID-19 pandemic, taking into account the risk of changing unit
prices for the implementation of activities

4.3. Analysis of Wind Energy Market Development Potential

Wind energy is a source of cheap, clean energy, whose share in the energy mix con-
tributes significantly to reducing electricity purchase prices. As a rule, wind power plants
are technologically advanced and costly solutions, most often with significant connection
capacities, referred to as investment projects undertaken by market players. However, wind
power plants, similarly to photovoltaic installations, may have a diversified character deter-
mined by their energy potential, and their application may be practised both at the level of
strategic units and institutional or individual consumers. A literature review on the subject
reveals scarce discussions on small wind installations dedicated to individual consumers.
The results of our research, “Effectiveness of offering—RES” (an analysis of questionnaires
and opinions of customers and potential customers of a major company designing wind
installations in Poland, November 2021), confirm a significant lack of knowledge about the
possibilities of using small wind power installations (48% of respondents) and about the
types of solutions available on the Polish market (73% of respondents), while revealing a
potential interest in the subject (93% of respondents).

Therefore, it is worth noting that several photovoltaic solutions are of different capaci-
ties, dedicated to individual consumers and companies. Among them, the following ones
stand out:

(a) Advanced solutions, with connection powers from 8 kW to 30 kW:

− Fully automated in controlling the operation of the wind generator;
− To support the supply of power to the facilities;
− With the possibility of connection to the power grid.

(b) Small domestic solutions of 0.5–5 kW:

− To support the supply of power to installations, consumers;
− With the possibility of backing up with mains power on windless days to ensure

continuity of the energy supply (minimum power).

(c) Small wind power installations of 0.1–1 kW:

− To complement the energy potential of the facility;
− For the point supply of selected consumers.
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These installations are in the form of classical windmills, horizontally—horizontal axis
wind turbines (HAWT), or in turbines with a vertical, noiseless axis of rotation—vertical
axis wind turbines (VAWT)—Świder, drum and other. The type and size of the installation
is determined by its power and the requirements for the foundation (permanently fixed
to the ground on a foundation footing, on a free-standing mast, on the roof of a building).
Large installations in this category of wind turbines have a rotor diameter greater than 3 m,
a power output greater than 2000 W and a generator weight greater than 200 kg. Small
installations belong to the solutions group with parameters lower than those mentioned
above. Small wind installations are also equipped with batteries with a dc/ac converter,
heaters with a controller (water, central heating), an on-grid converter giving the possibility
of electricity resale to the power grid, integration with mobile communication devices for
analytical purposes, etc., therefore increasing their functionality, which creates their market
attractiveness.

It is estimated that small wind installations are two to three times more efficient than
photovoltaics—the average annual electricity production from a 15 kW turbine is about
31,000 kWh. The most popular installations in Poland are microinstallations with a capacity
of 3–5 kW. The installation on a residential building does not require any permits (apart from
a height restriction of 3 m relative to the roofline), which provides considerable freedom
of operation. However, it should be noted that free-standing installations are subject to
certain restrictions. The cost of a wind installation depends on the connection capacity. The
solutions adopted currently vary between about EUR 5000 for a 3 kW installation, about
EUR 8800 for a 5 kW installation, and about EUR 1700 for a 10 kW wind installation.

By mid-2021, below 80 micro wind installations with a total capacity not exceeding
0.4 MW had been built in Poland, representing only 0.05% of all RES microinstallations.
The availability of information in relation to the development of micro wind power plants
in the Baltic States is negligible, which may mean that, as in Poland, their installation is
not very popular. This situation may change with the development of commercial wind
farm installations and information on their performance. Polish companies operating in the
wind energy sector have announced the promotion and sale of Polish micro wind products
in Lithuania and Estonia. The micro wind market is still the future, both in Poland and in
the Baltic States, although the above may herald an increased interest in developing the
small wind market. The lack of an appropriate information and promotion campaign and a
support programme motivating to invest may directly cause the observed state of affairs.

Wind conditions in Poland anchor the potential for developing this wind energy
direction and in the Baltic States provide a good potential for the development of projects
of this type. In Poland, most areas have relatively favourable wind conditions. An average
of 250 windy days per year is recorded with an average annual wind speed of 2.8–3.5 m/s,
which creates conditions for good performance of wind power installations. This potential
must be exploited. This is an important direction of action to reduce the purchase price of
electricity by individual consumers or small businesses.

The appropriateness of micro wind development is further confirmed by the results of
the referred studies, which show that:

(a) Around 71% of consumers who purchased micro photovoltaic installations were
interested in extending them with wind installations;

(b) Around 47% of the potential consumers, responding to a market survey of the RES
microinstallation market, indicated wind microinstallation as a potential direction of
their future choices, with the majority of respondents indicating wind energy (at the
discussed level) as a complementary source of electricity, i.e., in combination with
other RES installations—photovoltaics, heat pumps, recuperation);

(c) In terms of interest in the type of wind installation, respondents interested in wind
energy indicated:

− Small microinstallations 3–5 W, with an option to install them on building struc-
ture: 53%;

− Stand-alone solutions not exceeding 10 kW: 11%;
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− No choice was indicated for 36% of respondents.

(d) Around 14% of respondents were willing to consider investing in a wind installation
in the near future,

(e) Around 32% of respondents had no opinion on the possible need for investment in
wind energy,

(f) Around 7% of respondents were not interested in a wind installation.

The presented research results indicate a significant potential for developing the
wind microinstallation market in Poland. In this regard, it seems necessary to undertake
actions towards:

(a) The promotion of knowledge about wind installations in the subject:

− Types, power, purpose, functionality, etc.
− The impact of wind turbines on the surrounding area, as concerns about general

safety have been revealed (research results), the impact of magnetic fields on
users and their surroundings, noise emissions—including reference to acceptable
standards—other potential nuisances in connection with the installation;

− Maintenance of installations in the long term, combined with efforts to provide
professional advice.

(b) To improve the range of available products due to the visual aspect of solutions,
allowing the installation to be integrated into an attractive building envelope or
stylish backyard garden.

When considering the above, one cannot forget about the key determinant—the finan-
cial incentive to undertake such challenges, adequately communicated to the recipients’
potential. Although this theme was not revealed in the study, in the opinion of the study’s
authors, it cannot be omitted in any way.

The interest in micro wind installations is a very good sign. The development of
wind energy may contribute to the expected improvement of financial conditions for the
purchase of electricity on the market and climate impact parameters in connection with the
ambitious global goal of achieving climate neutrality. Implementing mass green solutions,
including micro wind power installations, is an excellent step towards strengthening proen-
vironmental measures [70] and making long-term environmental goals more credible [71].

5. Discussion

The results of the considerations presented in this paper indicate that the development
of wind energy in Poland and the Baltic States is the right direction to strengthen the
RES sector.

The main conclusion from the conducted research confirms the validity of the adopted
direction of development of the RES market in Poland and the Baltic States, taking into
account arguments of social and economic nature. A socio-economic justification for the
development of the wind power sector emerges against the background of the EU energy
policy, coupled with the conditions for the possible development of individual economies
and the costs of achieving the adopted targets.

Summarising the findings, it should be pointed out that the initial data from the
analysis of the wind energy sector in Poland and the Baltic Countries confirmed the
observed general trend of development of the market in question towards offshore wind
farms. An analysis of socio-economic conditions leads to believe that the adopted direction
of actions will be successful in terms of RES strengthening in the studied area. It has
been revealed that spectacular investments in terms of technological advancement and
costs have overshadowed the promotion of simple wind solutions (microinstallations),
the launch of which, e.g., in a number analogous to that of photovoltaic installations,
would provide effective support for the implementation of the EU Green Deal policy and
would significantly reduce the cost of 1 kW of energy for end consumers. The above
may serve as an inspiration for strengthening activities to promote the (informational and
financial) energy generation from wind. The above refers particularly to the Polish market,
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where the share of RES in the national energy system is the lowest among the analysed
countries, which results in higher electricity prices expressed in the growing market price
per 1 kW of electricity. The analysis of the results of our own mentioned research confirmed
the existing potential for developing the mini wind energy market in Poland (93% of
the respondents), together with the arrangement of the basic activities expected by the
market in this respect. Therefore, investments in micro wind installations, carried out
on a broad scale, may contribute to a real reduction in the cost of electricity for domestic
consumers. Rapid implementation of the above is possible in the light of favourable aid
solutions, which should be correlated with the adopted environmental policy. The system of
incentives (subsidies or tax deductions) has created the strong development of photovoltaic
installations in Poland and in the Baltic Sea countries studied. It is worth paying attention
to this dimension of support in order to repeat this success.

Public support for wind farm development in Poland is very important. This is
confirmed by the results of the conducted surveys. Therefore, the expectation of wind
farm development in Poland may be associated with an urgent need to amend the ex-
isting distance law (10 H), which significantly limits the development of onshore wind
energy in Poland. The above constitutes an important conclusion and recommendation of
this research.

The area of the formal and legal framework and possible sources of support for
the implementation of investment activities in wind installations is a research topic that
requires a separate study. The justification for the above are, among others, the revisions
of existing regulations in this area announced this year. The above creates an important
research problem that provides a basis for revising the potential of formal, legal and
financial limitations related to the findings of the conducted research. This is an important
future research direction for the development and verification of theses on the possible
development of the wind energy market in Poland, determining access to cheap electricity,
especially needed in the era of the COVID-19 coronavirus pandemic.

It is worth pointing out that in the area of the countries accepted for the study, there
were no studies devoted to analysing the prospects for the domestic wind energy industry
from the perspective of the global energy transformation. Therefore, the research was based
mainly on foreign scientific articles, studies, international reports, forecasts, prognostic
estimates and statistical data. On their basis, the authors tried to grasp the main trends
and issues related to the explored issues to consistently move from the global experience
to the Polish and the Baltic countries’ experience to answer the explored question. A
critical analysis of the current situation was carried out and conclusions were drawn
from an analysis of end consumer behaviour surveys and interviews conducted among
representatives of companies active in the field of energy transformation were presented
in order to work out a position regarding the intentions for the development of the wind
energy market. All this was conducted to develop an up-to-date vision of plans and
intentions (reliable forecast estimates).

The worldwide opening of environmental [72] protection and green energy [73–75]
gives grounds to expect that the demand for green energy from wind will function on a
large scale in Poland and the Baltic States. This is an important direction for developing
investments in RES, giving a wide range of potential consumers the benefits of clean and
cheap energy.

The reality of the COVID-19 coronavirus pandemic may affect the financial and
organizational aspects of implementing activities and undertakings in the field of the
implementation of climate policy assumptions of individual countries and the related
transformation of energy sectors at the level of individual economies. The main problems
in this regard arise from the lack or limited availability of production components, delays
in the supply of materials and longer lead times for investments. Hence, the impact of
COVID-19 on wind energy development in Poland and the Baltic States is mainly due to
supply chain disruptions and delays in investment execution due to labour shortages. The
above contributed to several months of delays in investment implementation. The current
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increase in prices of goods and services—also affecting the RES industry—is also partly a
result of the weakening of the economy as a result of COVID-19.

The experience to date, related to implementing the projects discussed in this paper in
the realities of the COVID-19 coronavirus pandemic, is optimistic. Contrary to the liquidity
constraints, investments in the sphere of wind energy have reached a record level of EUR
26.3 billion in 2020, due to the implementation of offshore wind installations, which enables
the continuation of efforts to acquire 7.1 GW of new connection capacities [76]. The above
is promising and gives rise to predictions that the development of the wind energy market
in Poland and the Baltic States will continue, enabling compliance with environmental
requirements for the EU member states.

The findings of this study are a contribution to the problem of finding solutions for the
development of the renewable energy market, with a particular emphasis on wind energy,
which may realistically contribute to lower electricity purchase prices in Poland and the
Baltic countries.

Despite the quantitative and spatial limitations of the study, the presented results give
a significant view on the possible development potential of a cheap wind energy market in
the studied area, providing a basis for further research and analysis in this area, with the
use of more advanced instruments.
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Abstract: A demonstration of the relationship between the share of renewables in gross marginal
energy and selected countries’ economic growth is the basis of this research. The paper seeks to
investigate mutual correlations between renewable energy sources and economic growth for two EU
economies and how it influences their fluctuations (increase and decrease). The comparative analysis
of results was carried out for less-income Polish and high-income Swedish economies. This research
used a regression model to answer the research questions examining the presence of correlations
between renewable energy sources in gross marginal energy consumption and economic growth.
This study analyzes data starting from 1991 to 2022. The results indicated a positive correlation
(statistical significance) between Gross Domestic Product and Gross National Income variables for
Sweden (84.6% and 83.7%, respectively) and Poland (79.9% and 79.2%, respectively), which influence
the use of renewable energy sources. The findings also reveal that the higher economic growth caused
by the use of renewables is observed for the leading countries but at the same time the risk of a
greater recession is much more likely than in other countries. These findings would help government
officials and policymakers to better understand the role of renewable energy in the economic growth
of these countries. This study has contributed to the literature on renewable energy sources and
statistical reports under the EU energy sector framework.

Keywords: economic growth; renewable energy sources (RES); Gross Domestic Product (GDP); Gross
National Income (GNI); regression model; Poland; Sweden; COVID-19

1. Introduction

The growing “green” paradigm to minimalize energy use and its effect on climate
change highlights the necessity for shifting from a fossil-based economy to renewables-
based economy or bio-based economy [1]. However, the transformation process might
go well delivering regular statistical data collection if not for unexpected events such as
COVID-19, which disturbs and causes uncertainty in the evaluation of a factor’s impact on
the economic growth of both developing and developed countries.

The main motivation for writing the paper is to analyze the impact of three key
issues regarding renewable energy sources (RES) and its influence on two coefficients,
Gross Domestic Product (GDP) and Gross National Income (GNI), of Poland and Sweden.
Moreover, because of existing unpredictable phenomena that are called “Black Swans” in
the economy, the issues were examined considering the COVID-19 (perceived as the “Black
Swan”) era. The paper aims to examine correlations between renewable and economic
growth in Poland and Sweden, improving the quality of the debate about RES and their
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influence on GDP and GNI from a COVID-19 perspective. The authors stated that the
higher the share of RES, the better the economic growth and higher the GDP and GNI
indicators. This choice of countries was made due to the existence of significant differences
between them, not only economically but also related to renewable energy sources; this
being the reason why the research concerning Sweden and Poland (no other well-developed
and developed countries) is a randomized trial conducted among well-developed and
developed European countries. To back the choice up, it is worth underlining that, in
Sweden, the share of renewable energy in the gross marginal energy consumption in 2020
was over 92%. In turn, over 82% of the energy production in Poland is the energy obtained
from non-renewable sources [2]. Additionally, another reason for choosing these two
countries is a similar situation regarding economic growth, as the GDP ratio in 2015–2019
was at the given level. We also selected a variety of methods and research, performed to
analyze the relationship between these countries, but mainly to investigate the impact of
economic growth on the creation of power plants powered by renewable energy sources.

Over the years, several studies have been undertaken to investigate the correlations
between RES and economic growth formulated in GDP and GNI indicators. The intercon-
nections were mostly found as positive relations [3–10], and supported by technological
innovations [11].

Similar research was carried out in various countries in terms of economy and pol-
icy [12–18], but the problem of influencing RES on the less-income Polish and high-income
Swedish economies has not yet been addressed in this considered area. Hence, the authors
of the paper tried to formulate a research gap, which is the lack of a casual interconnection
between the energy-based economic factors (energy-GDP and energy-GNI) impacting
the economic growth of these countries. Then, the relations are compared to each other
to reveal the economic welfare gap with emphasis on COVID-19. In this study, the two
variables considered are interdependent, but the research was carried out under various
configurations of the variables (as per the level of dependency). To extend the current
research in the field of RES, the authors put the main research questions as follows: (1) Is
there a relationship between the share of RES in gross marginal energy consumption and
economic growth? (2) Do the identified variables interact with each other using a regression
model? These research questions were determined in relation to the research gap defining
the problem statement.

The goal of the study is to examine the impact of the energy-related variables (GDI
and GNI) on the level of economic growth in Poland and Sweden. Through the regression
model, this research is intended to demonstrate an impact of renewable energy sources
on the economic development through countries’ economic factor structures. The selec-
tion of countries was based on data availability in EUROSTAT, World Bank and Internet
reports, to provide a balanced sample and specifically for the environmental and political
conditions and their successful establishment in the national markets. In addition, the
selected countries to be analyzed should also outline the importance of RES, which is dis-
tributed unequally across the European Union countries (Sweden and Poland). According
to the ranking of the Responsible Development Index and the 2019 Sustainable Develop-
ment Report [19,20], Sweden was rated very highly amongst the world’s most developed
economies. Poland occupies a stagnating position regarding affordable and clean energy,
thus not meeting the Sustainable Development Goals from the 2030 Agenda [21].

This article presents a linkage between the significant energy-related factors influenc-
ing the economic growth of Poland and Sweden—two distinct countries in terms of econ-
omy, policy, tradition, culture, location, etc. The current state of the research conducted in
different parts of the world and in various countries has been carefully reviewed [17,22–26].
In the light of the reviewed literature, the authors of this paper derived the inspiration and
need to treat/consider the research from a COVID-19 perspective. The perspective seems to
be very important because it influenced all the spheres of our lives and made a contribution
to decrease the GDP and GNI in all the countries. The paper is an attempt to disseminate
the effects on the structure of the energy sector across the last 20 years, also considering the
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COVID-19 pandemic, with a particular emphasis on the use of renewable energy sources.
To meet the goal set out in the literature review, a regression model was used.

The paper is structured as follows: Section 1 includes introduction, Section 2 outlines
the literature review, which explains the relations between the components of energy-based
economic growth under constraints such as COVID-19. Section 3 covers the conceptual
framework that defines the impact of RES on the economic growth of Poland and Sweden.
Section 4 presents the research outcomes, followed by the recommendations implied by
these results and the energy policy implication for economic growth. Section 5 states the
discussion and Section 6 covers conclusions.

2. COVID-19 and Renewable Energy Sources—Literature Review

The crisis changed consumer behavior, which resulted in a reduction in the level of
fossil fuel consumption in favor of an increase in demand for renewable energy. Regarding
the energy sector, the impact of the crisis and the associated policy responses are rein-
forcing the existing trends in renewable energy, with leaders continuing to use renewable
energy, while countries heavily dependent on the fossil fuel industry spend government
spending on supporting these sectors, which additionally slows down the clean energy
transition [27]. Pandemic restrictions in many countries did not affect electricity production
from renewable sources. Global renewable energy consumption in all sectors increased by
1.5%, while renewable electricity production increased by almost 3% in the first quarter
of 2020 compared to the same period in 2019. It resulted from new wind and solar PV
projects completed within the last year and the fact that renewable energy sources have low
marginal operating costs. As a result, the share of RES in electricity demand has increased
in many regions affected by the pandemic blockade, including parts of Europe and the
USA [28]. With the COVID-19 pandemic starting in 2020, RES accounted for as much as
90% of the added energy in the energy sector. The most significant contribution to such a
large increase was made by photovoltaics and hydro and wind energy. According to the
International Energy Agency (IEA) report [29], if the current trends continue until 2025,
renewable energy will become the most significant energy source. It will meet a third
of the global energy demand. Moreover, most of the shares of companies related to the
sector doubled in value compared to December 2019. However, the COVID-19 pandemic
provides unique information on how different societies are coping with emergencies and
how the higher share of RES compared to traditional fuels will affect grid infrastructure,
energy markets, and related investments [30–32]. Indeed, the lessons learned from the crisis
will shape new policies and determine the long-term consequences for a more sustainable
future. Achievements in industrial production have contributed to the increased use of
fossil fuels on a large scale, making the energy sector a vital sector of most economies in
the world. A disturbing phenomenon is the rapid depletion of oil, gas, and coal resources,
which has significantly contributed to by the increase in the world’s population, which,
according to the United Nations forecasts, will reach the level of 10.9 billion by 2100. More-
over, the extraction of these raw materials becomes more complex and requires advanced
technological solutions, which translates into an increase in costs and prices. Thanks to
the growing awareness of the dangers of a fossil fuel-based energy, humanity has once
again turned to solutions that use renewable energy. Extensive analysis of the literature
concerning correlations between renewable energy sources and the economic growth of var-
ious countries is presented in this paper. Many countries (including Sweden, Finland, and
Denmark [33], Bulgaria [34], Croatia [35], Estonia [36], the Czech Republic [37], Greece [18],
and others) are changing their energy policy [2] because it has occurred to them that the
renewables may (among others) constitute a way to strike a balance between economic
growth and the quality of the environment. It is confirmed, among others, by EUROSTAT
data, according to which the share of renewable energy sources in the energy policy of most
countries from 28 countries has increased, and 12 European Union members have already
achieved the target of a 20% share of energy from renewable sources in the gross final
energy consumption in the community in 2020. With the growing level of RES use by Euro-
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pean countries, an in-depth analysis of the impact of various factors on this phenomenon is
present in numerous publications [38–40]. In the group of factors there are listed increases
in oil prices caused by geopolitical threats, the necessity of climate changes mitigations,
increase in energy security, GDP, and elimination of carbon-intensive fuels. Peculiarly high
carbon dioxide (CO2) emissivity as a result of using traditional energy sources as well as
economic growth measured in GDP are the main reasons why separate countries change
their energy policy and use RES [41–43]. Moreover, the empirical findings show that an
ever-greater use of renewable energies may sustain the economic growth process and have
a positive significant impact on GDP improvement and economic development, not only
in European and well-developed countries, but [44–46] also in SAARC countries (South
Asian Association for Regional Cooperation) [47] and Latin American countries [48,49].
This novel empirical research resulted in creating a new energy policy to reach goals in
the area of sustainable economic growth in many countries, especially in EU countries.
Therefore, RES consumption plays a determining role in improving economic growth in
numerous European and non-European countries. Scientists confirm that the exploitation
of renewable energy sources brings many benefits, such as reducing environmental pollu-
tion, reducing the consumption of fossil fuels, and reducing the costs of energy production
and supply [50–52]. In view of the foregoing, Europe is gradually moving away from
non-renewable energy sources in favor of “green energy”, the share of which in Europe’s
energy sector is increasing even in the face of the crisis caused by the COVID-19 pandemic.
Mandatory quarantine contributed to a significant decrease in environmental pollution by
reducing the consumption of fossil fuels in favor of increasing the demand for renewable
energy sources [53–56]. The research undertaken by scientists allowed to assess the impact
of the coronavirus pandemic on the energy sector, also in terms of investment and use of
renewable energy [46–48]. Such an acceleration of activities can offset the harmful effects of
the COVID-19 global pandemic. Despite the crisis caused by the COVID-19 pandemic in
2020, which affected many industries, including the energy sector, the increase in renewable
energy was observed, especially wind and solar energy [27]. Global power of RES (that
constitute almost 30% in all the energy mixture) increased to about 260 GW [57]. The Inter-
national Energy Agency (IEA) [17] also reports on the excellent condition of RES. Despite
the disturbances in the energy sector due to the pandemic, in the first quarter of 2020
(i.e., in the conditions of the ongoing pandemic), only renewable energy sources recorded
a 1.5% increase in demand with a parallel decrease in demand for coal, oil, and natural
gas. Many authors [57–59] wrote about the essential maintenance of the growth in demand
for renewable energy in the conditions of lockdown and pandemic constraints. The most
significant decrease in demand by approx. 15% concerned electricity, especially in countries
where strict health restrictions were introduced. Forecasts indicate that the demand for
fossil fuel sources will continue to decline. Only the demand for renewable energy sources
will increase, which means a favorable prognosis for this energy field [19]. The coronavirus
pandemic and the global crisis it causes, combined with climate threats, made it necessary
to adjust the energy policy to include renewable sources of electricity. The introduction of
renewable energy sources into the energy sector by many countries has become a priority
in their policy of building energy security. When comparing Poland and Sweden with
respect to energy policy, one has to emphasize that Sweden is the undisputed leader in
the energy transformation rankings [60]. Unfortunately, Poland is placed 69th (between
Bolivia and Indonesia). Sweden was using RES in 33% of its total energy production in
1990, and the aim of using “green energy” in 50% (planned for 2020) was achieved in 2012.
Sweden aims to support domestic energy use by total use of RES, and they want to achieve
the goal in 2040. The importance and the growing share of renewable energy sources is
also one of the sustainable targets for Poland within its energy policy [61]. As an EU target,
the energy policy assumes a 21–23% increase in the share of renewable energy sources in
the energy mix by 2030 [20]. Additionally, the report addresses the carbon share in energy
production (it is going to be decreased up to 60% whereas today it is 80%), and the RES
share in the oil and energy sector will equal 28.5% in 2040 [62]. The relationships between
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the components of energy-based economic growth under constraints such as COVID-19 is
outlined in Figure 1.
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The foregoing literature review concerning correlations between the renewable energy
sources and economic growth of various countries regarding the COVID-19 pandemic
constitutes a background for the research analyzing two different countries with various
energy resource sharing coefficients in their final use of gross energy (Poland and Sweden).
These countries were selected considering a highly developed economy against a less-
developed one to identify the gross energy consumption disparities between them. Usually,
these analyses are being carried out to compare extremely developed countries (with
less-income vs. high-income economy) or for developing countries [54]. Data analyses
through the use of a regression model will allow solving the problem of an “asymmetrical
distribution” of renewable energy sources between both countries.

3. Materials and Methods

The study uses the data from EUROSTAT and the World Bank selected by the re-
searchers. The idea is to show to which extent the impact of RES occurs in developed coun-
tries, which are characterized mostly by Gross Domestic Product and Gross National Income.

In this paper, the authors used a conceptual framework for defining the impact of RES
on the economic growth of Poland and Sweden, as presented in Figure 2. It consists of the
following stages:

1. Problem statement based on the literature review and observations of the economic
situation in Europe.

2. Selection of countries using a randomized trial performed by the authors of the paper.
3. Analysis of the energy-related economic variables based on available reports, scientific

papers, and statistical data from EUROSTAT and the World Bank, which was a basis
for the calculation of a correlation coefficient. For the analysis, GDP, GNI, and RES
were taken to calculate the correlation coefficients considering the impact of RES on the

102



Energies 2022, 15, 332

economic growth for the variables for Poland and Sweden. Fundamental indicators,
such as standard deviation and coefficient of determination, were also analyzed.

4. Building a regression model, we find the relations between the economic variables,
with the use of the time series method. Moreover, to analyze the economic variables
in a proper way, the authors have divided the variables into endogenous (RES)
and exogenous (GDP, GNI) ones. STASTISTICA 13.1 software was used to obtain
the research results. The steps required to carry out and validate the variables are
as follows:

4.1. Analysis of various regression models in the literature on the considered
topic [16,63,64];

4.2. Linear regression model was applied to find correlations between the analyzed
economic variables;

4.3. The regression model used in the study is a kind of panel data fixed-effects
regression model denoting the GDP, GNI, and RES variables;

4.4. Responsiveness to changes of the variables’ creation was obtained in the final
step of analysis.

5. Comparative analysis of the results in terms of the three selected economic variables’
correlations for both countries.

6. Results discussion.
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Figure 2. The proposed conceptual framework for determining the impact of RES on the
economic growth.

Having this schematic structure of the study, a correlation coefficient between the
renewables and economic growth for Sweden and Poland can be investigated. The research
uses time interval series data starting from 1991 to 2022.

Having the linear regression model built, the authors could identify the relations
between the variables to carry out and validate them. The authors of the paper referred
to other works that used similar regression models with a fixed-effects approach in the
context of renewables use and its impact on economic growth [16,63,64].
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4. Results

The researchers focused their analysis on the relations between three variables (GDP,
GNI, and RES), which means that it was investigated whether the changes in the shaping
of the X variables (GDP and GNI) influenced the changes in the Y variable (RES).

Table 1 shows the results of the correlation coefficients between the variables GDP,
GNI, and RES and gross final energy consumption in Poland and Sweden from 1991 to
2020, as well as the prognosis made for 2021 and 2022.

Table 1. Coefficients of the Gross Domestic Product (GDP), Gross National Income (GNI), and
renewable energy resources (RES) share in the final use of gross energy.

% Share of Renewable Energy in
Gross Final Energy Consumption Gross Domestic Product (GDP) Gross National Income (GNI)

Years Poland Sweden Years Poland (Billion
Dollars)

Sweden (Billion
Dollars) Years Poland (Billion

Dollars)
Sweden (Billion

Dollars)

1991 2.06 32.46 1991 85.50 271.98 1991 82.65 265.72

1992 2.3 33.23 1992 94.34 281.99 1992 90.34 272.06

1993 6.13 34.39 1993 96.05 211.21 1993 92.55 202.59

1994 6.19 31.35 1994 110.80 227.27 1994 109.81 221.47

1995 6.33 33.91 1995 142.14 265.39 1995 140.14 259.83

1996 5.86 31.36 1996 159.94 289.76 1996 158.87 283.99

1997 5.98 35.62 1997 159.12 266.38 1997 157.99 261.16

1998 6.54 35.66 1998 174.39 268.92 1998 173.20 265.02

1999 6.41 34.79 1999 169.72 272.29 1999 168.71 271.86

2000 6.93 40.01 2000 171.89 261.34 2000 171.16 261.50

2001 7.21 37.66 2001 190.52 241.02 2001 189.91 241.20

2002 7.49 36.15 2002 198.68 265.34 2002 198.01 266.10

2003 7.29 34.91 2003 217.51 332.27 2003 215.41 337.90

2004 6.914 38.677 2004 255.10 382.62 2004 246.98 384.80

2005 6.9 40.72 2005 306.12 389.75 2005 300.78 395.09

2006 6.888 42.447 2006 344.75 420,22 2006 337.48 431.20

2007 6.93 43.929 2007 429.06 487.97 2007 414.66 502.69

2008 7.713 44.666 2008 533.82 515.41 2008 524.47 533.27

2009 8.661 47.88 2009 439.80 435.11 2009 426.59 445.35

2010 9.253 46.958 2010 479.32 495.33 2010 462.20 508.80

2011 10.295 48.245 2011 528.83 572.74 2011 509.76 584.48

2012 10.897 50.23 2012 500.36 550.93 2012 481.70 563.58

2013 11.68 50.8 2013 524.23 584.64 2013 506.69 597.82

2014 11.495 51.874 2014 545.39 580.25 2014 525.24 592.53

2015 11.743 53.009 2015 477.58 503.65 2015 460.25 508.19

2016 11.267 53.371 2016 472.03 515.74 2016 453.44 519.29

2017 10.964 54.201 2017 526.22 540.54 2017 504.58 548.71

2018 11.284 54.645 2018 585.66 556.09 2018 560.91 564.72

2019 12.164 56.391 2019 570.78 551.03 2019 546.84 559.08

2020 11.69 59.48 2020 570.04 566.25 2020 531.51 570.64

2021 12.34 61.05 2021 587.16 576.51 2021 548.44 584.42

2022 12.61 61.66 2022 604.27 586.76 2022 565.37 598.20

Source: Own elaboration on the basis of EUROSTAT and World Bank data.

An increasing tendency has been observed in both countries but it is worth it to
underline that the share is much higher in Sweden than in Poland. Moreover, the increase

104



Energies 2022, 15, 332

in Poland is not regular and some decreases are noticed (within the period of 2015 to 2020).
The correlation between the use of RES, GDP, and GNI show the well-developed country is
more advanced in using RES. The forecasts are also optimistic because the use of RES is
increasing but the pace of the increase is higher in Sweden again.

Figure 3 presents the correlation between GDP, GNI, and RES for Poland and Sweden
within the period of 1991–2022 (with extrapolation).
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Figure 3. Correlations between GDP, GNI (in billion USD), and RES for Poland and Sweden.

Correlations between GDP, GNI, and RES for both Poland and Sweden are very high.
Relations between RES and GDP for Poland and Sweden (79.9% and 84.6%, respectively)
indicate a good fit between the analyzed variables. The standard deviation for Poland and
Sweden (S = 1.29549 and S = 3.79750, respectively) shows that GDP values are not dispersed
widely around its average. Correlations between RES and GNI for Poland and Sweden
(79.2% and 83.7% respectively) also point at an accurate fit between the variables. The GNI
values for Poland and Sweden are not so dispersed around its average (S = 1.31521 and
S = 3.89659, respectively), as is shown in Figure 3.

Figure 4 depicts high values of the coefficient of determination (R-Sq = 84.3%), which
means that the model provides a good fit and the authors of the paper can have confidence
in its ability to predict the future share of RES for both analyzed countries. It determines the
independent variable (RES), which means that the data fit well the regression model. The
standard deviation (S) equals 1.14516, which means that the RES values are not dispersed
widely around its average. Nevertheless, if R-Sq is high, there is still ambiguity in how
large the percentage needs to be in order to be considered a good fit. Based on the statistics
generated, linear regression is still an optimal forecasting method. Viewed in terms of
prediction, the estimated trend is increasing because a part of the extrapolated series give
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the clearest indication of the future movements in the series. Thereupon, the forecast
presented in Figure 4 estimates the best fit regression line for the given data.
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4.1. Regression Model Based on Variable Y (Renewable) and Variable X (GDP) for Poland

The dependent Y variable (RES) is the share of renewable energy sources in gross
energy consumption. In turn, the variables GDP and GNI are the explanatory X variables.
The variables are opposite—GDP and GNI are dependent variables, whereas RES is an
explanatory variable. The results of modeling the GDP influencing the share of RES in
gross marginal energy consumption in Poland within 1991–2022 are presented in Table 2.

Table 2. Results of modeling the share of renewable energy sources in gross marginal energy
consumption in Poland in 1991–2022 using a linear econometric model of one variable.

N = 32

R = 0.89383973, R2 = 0.79894947, Corr. R2 = 0.79224778
F(1.30) = 119.22, p < 0.00000, Std Error of Estim. 1.2892

Coefficients Standard Error t-Stat p Value

Absolute term 3.589947 0.494204 7.26410 0.00000004

GDP (X1) 0.013618 0.001247 10.91862 0.00000000

The model of the share of renewable energy sources in gross marginal energy con-
sumption in Poland (GDP) is outlined in Equation (1):

Ŷt = 3.58995 + 0.013618 X1 (1)

The estimated model shows that if the X1 variable denoting the amount of GDP
expressed in USD billion increases by one whole unit (USD 1 billion), the share of renewable
energy sources in gross marginal energy consumption will also increase by 13.618%. The
intercept is the data that determines the magnitude of the value of Y for the period preceding
the analyzed phenomenon. It is a constant and independent value, and its positive value,
in this case, means that with each successive period, the variable Y will increase.

The estimated econometric model is relatively well-adjusted to the empirical data and
reflects the changes of this phenomenon over time in 79.89%. It is evidenced by the value of
the R2 coefficient = 0.7989. The actual values of the share of renewable energy sources in the
gross marginal energy consumption in subsequent years deviate from the estimated model
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by 1.2892% on average. On the other hand, the residual deviation, speaking about the
average deviation of the theoretical values from the arithmetic mean of empirical values, is
Se = 1.299%.

The last phenomenon presented is the importance of the structural parameters. The
hypotheses can be presented as follows: the hypothesis H0 applies to the situation where
it = 0, and the parameter is statistically insignificant. On the other hand, there is the H1
hypothesis, where it 6= 0 and the parameter is statistically significant. Satisfying the p-value
inequality implies the rejection of the H0 hypothesis in favor of the H1 alternative. In the
tested example, α = 0.05, and the value p, as shown in Table 2, is a minimal value, and its
first number is at the 8th decimal place. This relationship shows that the H0 hypothesis
was rejected, favoring the H1 alternative, which means that the structural parameter
is statistically significant. The variable X1 has a significant impact on the dependent
variable Y.

Another model that concerns the data was developed for Poland, as outlined in Table 3.
However, as the previous GDP was used, this section focuses on Gross National Income,
as the X1 variable influences the share of renewable energy sources in the gross marginal
energy consumption as the Y variable.

Table 3. Results of modeling the share of renewable energy sources in gross marginal energy
consumption in Poland in 1991–2022 using a linear econometric model of one variable.

N = 32

R = 0.89027206, R2 = 0.79258435, Corr. R2 = 0.78567049
F(1.30) = 114.64, p < 0.00000, Std Error of Estim. 1.3094

Coefficients Standard Error t-Stat p Value

Absolute term 3.504782 0.510628 6.86367 0.00000013

GNI (X1) 0.014364 0.001342 10.70687 0.00000000

The estimated model shows that if the X1 variable denoting the value of GNI expressed
in USD billion increases by one whole unit (USD 1 billion), the share of renewable energy
sources in the gross marginal energy consumption will also increase by 14.36%. The esti-
mated econometric model is exceptionally well suited to the empirical data and reflects
the changes in this phenomenon over time to be 79.26%. In this case, the H0 hypothesis
also was rejected in favor of the alternative hypothesis H1, which means that the structural
parameter is statistically significant. The variable X1 has a significant impact on the depen-
dent variable Y. Completing the regression analysis, the model of the share of renewable
energy sources in the gross marginal energy consumption in Poland (GNI) is presented
below in Equation (2):

Ŷt = 3.5048 + 0.01436 X1 (2)

4.2. Regression Model Based on Variable Y (Renewable) and Variable X (GDP) for Sweden

The following two regression models were developed for Sweden. To create the
current model, Sweden’s GDP was used as variable X1, influencing the share of renewable
energy sources in the gross marginal energy consumption as variable Y (Table 4).

Table 4. Results of modeling the share of renewable energy sources in gross marginal energy
consumption in Sweden in 1991–2022 using a linear econometric model of one variable.

N = 32

R = 0.91952560, R2 = 0.84552732, Corr. R2 = 0.84037824
F(1.30) = 164.21, p < 0.00000, Std Error of Estim. 3.7974

Coefficients Standard Error t-Stat p Value

Absolute term 17.48746 2.183803 8.00780 0.00000001
GDP (X1) 0.06423 0.005012 12.81441 0.00000000
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The estimated model shows that if the variable X1, denoting the amount of GDP
expressed in USD billion, increases by one whole unit (USD 1 billion), the share of renewable
energy sources in gross marginal energy consumption in Sweden would also increase by
64.2%. Such a considerable increase is no longer possible in this country due to the current
share of renewable energy sources. Still, it shows how quickly the share of renewable energy
in the gross marginal energy consumption grew there. The estimated econometric model is
well suited to the empirical data and reflects 84.55% of the changes in this phenomenon
over time. It is evidenced by the value of the coefficient R2 = 0.8455. The actual values
of the share of renewable energy sources in the gross marginal energy consumption in
the following years deviate from the estimated model by 3.797% on average. In turn,
the residual deviation, indicating the average deviation of the theoretical values from the
arithmetic mean of empirical values, is Se = 3.799%.

The last phenomenon presented is the importance of the structural parameters. The
H0 hypothesis was rejected in favor of the alternative H1 hypothesis, which means that the
structural parameter is statistically significant. The variable X1 has a significant impact on
the dependent variable Y. Completing the regression analysis, the model of the share of
renewable energy sources in the gross marginal energy consumption in Sweden (GDP) is
presented below:

Ŷt = 17.4875 + 0.06423 X1 (3)

The second of the Swedish regression models was created using the GNI of Sweden as
the variable X1, influencing the share of renewable energy sources in the gross marginal
energy consumption as variable Y (Table 5).

Table 5. Results of modeling the share of renewable energy sources in gross marginal energy
consumption in Sweden in 1991–2022 using a linear econometric model of one variable.

N = 32

R = 0.91507404, R2 = 0.83736051, Corr. R2 = 0.83193919
F(1.30) = 154.46, p < 0.00000, Std Error of Estim. 3.8965

Coefficients Standard Error t-Stat p Value

Absolute term 18.57016 2.167887 8.56602 0.00000001
GNI (X1) 0.06099 0.004908 12.42807 0.00000000

The estimated model shows that if the X1 variable denoting the value of GNI expressed
in a billion USD increases by one whole unit (USD 1 billion), the share of renewable energy
sources in gross marginal energy consumption in Sweden will also increase by 61%. The
estimated econometric model is well suited to the empirical data and reflects 83.74% of
the changes in this phenomenon over time. The last phenomenon presented shows the
importance of the structural parameter αi. In the tested example, α = 0.05, the p value,
as shown in Table 5, is a minimal value, and its first number is at the 9th decimal place.
This dependence shows that the H0 hypothesis was rejected, favoring the H1 alternative
hypothesis, which means that the structural parameter is statistically significant. The
variable X1 has a significant impact on the dependent variable Y. Completing the regression
analysis, the model of the share of renewable energy sources in gross marginal energy
consumption in Sweden (GNI) is presented below:

Ŷt = 18.5702 + 0.06099 X1 (4)

4.3. Regression Model Based on GDP (Variable Y) and Renewable (Variable X1) for Poland
and Sweden

The last analyzed dependence is the opposite situation to the previous two items.
The current model was created using the share of renewable energy sources in the gross
marginal energy consumption as the X1 variable influencing the size of the Gross Domestic
Product as the dependent variable Y. The model illustrating this situation in both Poland
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and Sweden is detailed below. In the analyzed example, all the necessary data for Poland
is presented in Table 6 and for Sweden in Table 7.

Table 6. The results of modeling the Gross Domestic Product in Poland in 1991–2022 using a linear
econometric model of one variable.

N = 32

R = 0.89383973, R2 = 0.79894947, Corr. R2 = 0.79224778
F(1.30) = 119.22, p < 0.00000, Std Error of Estim. 84.617

Coefficients Standard Error t-Stat p Value

Absolute term −139.929 47.43734 −2.94976 0.006114

RES share (X1) 58.669 5.37327 10.91862 0.000000

Table 7. The results of modeling the Gross Domestic Product in Sweden in 1991–2022 using a linear
econometric model of one variable.

N = 32

R = 0.91952560, R2 = 0.84552732, Corr. R2 = 0.84037824
F(1.30) = 164.21, p < 0.00000, Std Error of Estim. 54.363

Coefficients Standard Error t-Stat p Value

Absolute term −166.160 46.32738 −3.58665 0.001172

RES share (X1) 13.164 1.02727 12.81441 0.000000

The estimated model shows that if the variable X1, denoting the share of renewable
energy sources in Poland’s gross marginal energy consumption expressed in %, increases
by one whole unit (1%), GDP will increase by USD 58.67 billion. The estimated econometric
model is exceptionally well suited to the empirical data, and at 79.89%, it reflects the
change in this phenomenon over time as in the inverse case where GDP was the variable
Y. On the other hand, the residual deviation, representing the average deviation of the
theoretical values from the arithmetic mean of empirical values, was Se = USD 84.62 billion.
The last phenomenon presented is the importance of the structural parameter αi. The H0
hypothesis was rejected in favor of the alternative H1 hypothesis, which means that the
structural parameter is statistically significant. The variable X1 has a significant impact on
the dependent variable Y. Complementing the regression analysis below, the model of the
Gross Domestic Product in Poland, depending on the share of renewable energy sources, is
presented in the gross marginal energy consumption (see Equation (5)):

Ŷt = −139.93 + 58.669 X1 (5)

In turn, the situation in Sweden is mentioned in Table 7.
The estimated model shows that if the variable X1 representing the share of renewable

energy sources in Sweden’s gross marginal energy consumption expressed in % increases by
one whole unit (1%), GDP would increase by USD 13.16 billion. The estimated econometric
model is exceptionally well suited to the empirical data and at 84.55% reflects the change
of this phenomenon over time as in the inverse case where GDP was the variable Y. The
H0 hypothesis was rejected in favor of the H1 alternative hypothesis, which means that
the structural parameter is statistically significant and the variable X1 has a significant
impact on the dependent variable Y. Completing the regression analysis, the model of Gross
Domestic Product in Sweden, depending on the share of renewable energy sources in gross
marginal energy consumption, is formulated using Equation (6):

Ŷt = −166.16 + 13.164 X1 (6)
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To sum up, positive correlation between GDP and GNI variables (which is statistically
significant) for Sweden (84.6% and 83.7%, respectively) and Poland (79.9% and 79.2%, re-
spectively) influences the use of renewable energy sources. The findings of the study reveal
the importance of RES use in the leading countries but simultaneously the paper points that
the risk of recession is higher in these economies in comparison to less-income countries.

5. Discussion

The results of this research fill in the research gap concerning the renewables share
in highly developed and developed countries. The comparative analysis made it possible
to compare the fundamental indicators of economic growth (GDP, GNI) with the use of a
regression model. The research conducted by the authors of the paper confirm the need of
disseminating the knowledge about RES and its use by different economies. The current
state of research concerning the problem still seems to be verified in order to provide evi-
dence on the importance of the problem and correlations between the analyzed coefficients.
The research conducted by the authors partially confirm the positive and dynamic impact
of renewables on the GDP and GNI of the countries. Additionally, economic recession can
constitute a danger for well-developed countries [33]. The higher economic growth caused
by the use of renewables is possible but in time the risk of a greater recession is much more
possible than in other countries simultaneously.

Answering the first research question, there is a positive relationship between the
share of RES in gross marginal energy consumption and economic growth. The higher
the economic growth, the more often renewables are used in the countries because they
play a significant role in building the economic growth of their economies. In the situation
when the GDP and GNI are lower, renewable energy sources are less often used by the
government of the country. Another relationship (second question) was to investigate
whether the variables interact with each other in the regression model. A critical issue that
has been concluded from the analysis of the regression model used in the research is that
the more RES-addicted the economy, the worse the situation of the country (in case of any
economic crisis and fluctuations). In the situation of economic recession, the country feels
the effects of the RES share decrease more often than other less RES-addicted countries. It
can be confirmed by the research because it was observed in the results and correlations.
Because the study is an attempt to disseminate effects on the structure of the energy sector
data, the regression models are presented in a comparative form in Table 8. The bold
text indicates the most favorable values. For example, the model for Poland, where the
dependent Y variable (RES) distinguished the share of renewable energy sources in gross
marginal energy consumption, was compared using the explanatory variable. Concerning
GDP (X1), the model was better adjusted to empirical data, and the reflection of the change
of this phenomenon overtime was more favorable. The situation with the standard error of
estimation was similarly more favorable because the value was lower than when explaining
RES using GNI, which meant that the actual values deviated from the estimated model. On
the other hand, in the case of estimating the Y variable with the GNI variable (X1), there was
a higher increase in the Y variable when the X1 variable increased by one unit (USD billion).
However, based on available information, the regression model exhibiting the modeling of
the share of renewable energy sources in gross marginal energy consumption in Poland
in 1991–2022, with the use of the linear econometric model, is accurately estimated by the
Gross Domestic Product due to the lower error.
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Table 8. Summary of the regression models.

Summary

Poland

Increase of the X1
Variable by One Unit

Causes an Increase in the
Dependent Variable by:

R2 Standard Error
of Estimation:

Significance of
the F Statistics

The Importance
of Structural
Parameters

Correlation

RES (Y), GDP (X1) 13.618% 0.798949 1.2892% 5.86 × 10−12 0.00000004 0.8938

RES (Y), GNI (X1) 14.364% 0.792584 1.3094% 9.11 × 10−12 0.00000013 0.8903

GDP (Y), RES (X1) 58.669 billion USD 0.798949 84.617 billion
USD 5.86 × 10−12 0.00611400 0.8938

GNI (Y), RES (X1) 55.179 billion USD 0.792584 82.763 billion
USD 9.11 × 10−12 0.01117993 0.8903

Summary

Sweden

Increase of the X1
Variable by One Unit

Causes an Increase in the
Dependent Variable by:

R2 Standard Error
of Estimation:

Significance of
the F Statistics

The Importance
of Structural
Parameters

Correlation

RES (Y), GDP (X1) 64.23% 0.845527 3.7974% 2.69 × 10−13 0.00000001 0.9195

RES (Y), GNI (X1) 60.99% 0.837360 3.8965% 2.31 × 10−13 0.000000001 0.9151

GDP (Y), RES (X1) 13.164 billion USD 0.845527 54.363 billion
USD 2.69 × 10−13 0.001172 0.9195

GNI (Y), RES (X1) 13.729 billion USD 0.837360 58.897 billion
USD 2.31 × 10−13 0.00075493 0.9151

Source: Own study based on EUROSTAT and World Bank data.

Figure 5 depicts the comparison in trend analyses for both countries in terms of the
economic indicators, showing their tendency to grow in the next few years. The prognosis
of GDP and GNI fluctuations are positive concerning both countries. The regression model
is more accurately illustrated when the dependent variable is the GDP indicator than the
GNI. The model (linear econometric model of one variable) represents the creation of
economic growth and development in Poland within 1991–2022 using the share of RES in
the gross marginal energy consumption. The regression that models the share of renewable
energy sources in the gross marginal energy consumption in Sweden in 1991–2022 through
the application of a linear econometric model of one variable is also better estimated by the
GDP. It is argued that there is a minor error and an adjustment of the model to the data,
but also the fact that an increase in GDP by one unit (USD billion) causes a greater increase
in the share of RES compared to GNI The regression model (linear econometric model of
one variable) presenting the creation of economic growth and development in Sweden,
with the use of renewable energy sources in the gross marginal energy consumption, is
better illustrated when the dependent variable is GDP than GNI. However, despite the
above selection between GDP and GNI, both variables affect the RES variable to a similar
extent, and RES describe both similarly. The RES variable is statistically significant for
the regression model. The positive correlation between the share of renewable energy
sources in the gross final energy consumption and GDP in Poland was 0.89384, whereas
in Sweden the correlation equaled 0.91953. Considering the correlation between the share
of renewable energy sources in the gross final energy consumption and GNI, the research
shown that it was a positive correlation in Poland (0.89027) and in Sweden (0.91507). The
variable determining the share of renewable energy sources significantly influences the
shaping of the variable denoting economic growth (GDP and GNI) in Poland and Sweden.
Considering the lower ex-ante error, a better fit is characteristic for the model with the
GDP variable. The variable determining economic growth (GDP and GNI) significantly
influences the shape of the variable determining the share of renewable energy sources
in Poland and Sweden. These results are consistent with the data presented in the Global
Renewables Outlook report, which emphasizes that the increase in expenditure on “green”
transformation leads to faster global GDP growth—by 2.4% more than with the current

111



Energies 2022, 15, 332

plans (IRENA 2020). Investments in renewable energy sources should increase economic
growth and the number of jobs.
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The analysis of linear regression made it possible to predict the value of one variable
(GDP, GNI) on the basis of the other variable (RES). Thanks to this method, the analyzed
countries may make optimal decisions concerning RES use and how it influences their
economic growth. Moreover, thanks to data analysis and with the use of a linear regression
model, the decision-makers of the countries now have an in-depth analysis and presentation
of the new models and relations between coefficients.

Energy Policy Implication and Future Agenda for Economic Growth

The statistical differences between countries should be on display by the governments’
decision-makers to mainstream this into energy policy within the EU. It should help align
these differences in economic values between less-income Polish and high-income Swedish
economies. Moreover, those issues will be most significant for small and medium enter-
prises, which account for the generation for 29% of the added values in Poland [65] versus
more than 61% in the Swedish “non-financial business economy” [66]. The consequences
of lack of coherence and unified EU energy policy leads to a gap in the relevant literature
and prompts to examine forecasting models or tools for applying energy policy in practice.
A discussion on energy policy research cannot be separated from the macroeconomic deter-
minants. Therefore, research must be addressed to the factors of unified energy policy to
set energy targets for European countries, and then make interventions in order to meet the
goals and targets that influence the nation’s energy demand. In this context, it would be
a crucial agenda of the EU governments by restructuring the content of the current, inco-
herent energy policy. Element such as economic impact of energy prices and cost-effective
investment in RES should be supported adequately by politicians and decision-makers,
thereby becoming competitive [67].

In line with the abovementioned finding, some energy policy implications can be
recommended for managing the RES energy demand:

- Energy efficiency improvements in the EU countries by implementation of technologi-
cal innovations. Thanks to that, a balance in the macroeconomic factors between these
countries could be maintained.

- Supportive initiatives to promote the reduction dependency on fossil fuels, especially
in Poland, and permanent diversification its energy mix by augmenting renewable
energy resources.

- Fiscal and tax policies make them particularly essential to examine the negative or
positive impact of macroeconomic factors.

- Research models and methods towards facilitating management and evaluation
should be able to use existing energy data to generate statistical reports available
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for the public institutions. They might be necessary to analyze energy-related trends
and provide sufficient indicators for newest technological initiatives.

A transformation into sustainable energy and infrastructure in the post-COVID-19
time through different models is needed in the next few years to provide sustainable
economies while ensuring equitable energy planning for economic growth [68].

6. Conclusions

The goal of the study was achieved by depicting the positive correlations between
energy-related variables on the level of economic growth in Poland and Sweden. Eco-
nomic growth and development as well as the share of renewable energy sources in gross
marginal energy consumption [69] are the variables between which mutual interaction
occurs both these countries. The positive correlations observed between these variables
were characterized by the fact that the increase in gross marginal energy consumption
contributes to the increase in economic growth. The share of RES could be increased
drastically by taking actions to accelerate the economic growth in less-developed countries
and promoting national initiatives. The calculation of correlations revealed that in Sweden
there was the largest gap (0.44%) between its GDP and GNI compared to Poland (0.35%).
In general, in Sweden the impact of RES on GDP is higher by about 2.57% in comparison to
Poland, and greater by 2.48% given the RES–GNI analysis.

The results confirm also that the long-term perspective of the economic growth of those
developed countries in terms of GDP depends on energy consumption from renewables.
The results achieved do not support the research done in [38]. Therefore, developing
countries are making more efforts to replace fossil fuels and reduce their dependence by
investing in renewable energy resources [6]. The pandemic could change the values of
the economic variables only temporarily and in the long run shift to focus on the growth
relationship (energy-GDP and energy-GNI). Therefore, the pandemic might result in a
significant decrease in all the parameters. The study seems to be unique through mapping of
the correlation effects on the structure of the energy sector across the last 20 years, shifting
from a traditional fossil-based economy into a renewables-based economy. It, in turn,
makes this research different from other studies and fill a gap in the present literature and
statistical reports. This paper provides new insight for further research on other countries
that are differentiated in terms of economic growth, income, and use of RES. The in-depth
analysis could focus on renewable energy sources that impact not only on GDP and GNI
but also on other economic quantitative (Net National Income—NNI, inflation rate, GDP
per capita, budget deficit, etc.) and qualitative (Human Development Index—HDI, Human
Poverty Index—HPI, extent of investments, etc.) indicators.

Moreover, this paper highlights the fundamentals for further research in the area of us-
ing renewable energy sources in all European Union countries, taking the abovementioned
economic indicators into account.
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† Following the World Health Organization, we assume that the term “epidemic” means the occurrence of a

much higher number of infectious diseases in an area, than in the previous period, or the sudden outbreak of
an infectious disease that has never occurred. The occurrence of an epidemic at a certain point given time,
caused by the same pathogen, is called a pandemic in many countries and even on continents. Therefore, it
makes sense to use both terms in COVID-19, and this is the solution we used in our study. However, if the
conditions are international (which is often the case in the energy sector), then we use the term pandemic,
which is a common solution.

Abstract: The aim of this paper was to examine whether the COVID-19 epidemic has slowed the
fulfilment of one of the core tasks of the energy sector “Ensure Access to Affordable, Reliable,
Sustainable and Modern Energy for All” (SDG7) taking into account corporate social responsibility.
Four research questions and hypotheses were posed, relating to the perspectives of local authorities,
the activities of large energy companies, the impact of the epidemic on the implementation of the
SDG7 and, in addition, to the understanding of CSR principles from the point of view of ordinary
entrepreneurs. A qualitative descriptive analysis based on two reliable databases and a survey
procedure (Question 4) was used to answer the research questions posed. The goal was achieved by
positively confirming three hypotheses and testing one negatively, relating to COVID-19’s slowing
role in SDG7 implementation. The analysis showed that the 2020–2021 epidemic in Poland has led to
more initiatives in this area, contrary to expectations. However, they were linked to the simultaneous
implementation of other SDGs, which distorted their importance for achieving Goal 7. In summary,
although energy companies were more active than expected during the epidemic, they had a low
contribution to SDG 7. This also applies to local authorities. An analysis of the knowledge about CSR
in a group of entrepreneurs from the Lublin district (case study) confirmed the opinion appearing in
the literature about the lack of understanding of the concept and the need for its application.

Keywords: COVID-19; renewable energy; energy efficiency; corporate social responsibility; CSR;
sustainable development goals; SDG; Poland

1. Introduction

Over the past 25 years, the realities of the energy sector have changed in response to
new market, geopolitical, social, technical, environmental and lastly health conditions [1].
With demographic pressures, a culture of overproduction and the short-term sustainability
of products encouraging increased consumerism, many environmental and social indicators
have been adversely affected to an alarming degree. Hence, the necessity to protect the
climate and the environment, including by striving for the widespread use of low- and
zero-emission sources. The Kyoto Protocol, and then the Paris Agreement, gave the
European Union impetus and direction in shaping its climate and energy policy. Initially,
the EU took on the challenge of meeting the so-called 3 × 20 targets, under which the EU
committed to achieving a 20% share of renewables in gross final energy consumption, a
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20% improvement in energy efficiency and a 20% reduction in greenhouse gas emissions.
In 2014, the European Council continued its efforts to combat climate change and approved
further targets for 2030, which, after revisions in 2018 and 2020, committed the EU as a
whole to reduce greenhouse gas emissions by at least 55% from 1990 emissions; increase
the share of renewable sources in gross final energy consumption to at least 32%, a 32.5%
increase in energy efficiency; and the completion of the EU’s internal energy market. In
December 2020, the EU declared intent to achieve climate neutrality by 2050. However,
Poland has pledged to achieve at least a 23% share of energy from renewable energy sources
(RES) in gross final energy consumption by 2030, a 23% improvement in energy efficiency
(as a reduction in primary energy consumption compared to PRIMES2007 projections) and
a 30% reduction in greenhouse gas emissions compared to 1990. In 2021, negotiations
began on the “Fit for 55” legislative package, which will make the 55% greenhouse gas
emissions reduction target for 2030 more operational by accelerating the development
of renewable energy sources and increasing energy efficiency. On 2 February 2021, the
Council of Ministers adopted the landmark Energy Policy of Poland until 2040 (PEP2040).
For the first time in a long-term government strategy for the energy sector, a path to a
zero-carbon energy system has appeared. PEP2040 is also the first government document
to record a date for closing coal until 2049 [2]. As late as 2019, Gawlik and Mokrzycki
criticised Poland’s preparations for the necessary change in the energy structure as one
of the arguments, citing the statement that “in contrast to many European countries, the
Polish government is not considering coal phase-out” [1,3]. The situation in this respect is
changing rapidly not exceptionally in Poland and not only because of the implementation
of the planned changes initiated by the European Union. The COVID-19 outbreak, which
began in Poland on 4 March 2020 with the first case of the disease proved to be a distraction
to the planned changes, including in the energy sector. The crises have had an impact both
in the private and in the entrepreneurial sphere. The COVID-19 pandemic is considered a
case of cumulative risk with far-reaching consequences [4], both as a natural disaster and
as a financial crisis combined into one [5]. The response of financial markets to COVID-19
was shown to resemble the response to the previous financial crisis, rather than previous
pandemics [6].

Without going into the biological nature of the disease-causing, ever-changing virus
SARS-CoV-2, and given the topic of this paper, it is worth noting there were six apparent
epidemic waves in Poland. The most dramatic were the first two: the world’s surprising
first wave from March to summer 2020 and the second wave from September 2020 to
January 2021, when almost 1,422,000 people fell ill with COVID-19, and 35,135 died. The
third wave began on 10 February 2021 (while the revival of cases began), and by the end of
May, there were 1,315,000 coronavirus cases with a mortality rate of 34,333. This wave was
much more violent—it lasted for a shorter period of time but collected a similar number
of fatalities. The record day in terms of the number of daily COVID-19 cases was 1 April
2021, when 35,251 people became ill. A week later, a record number of deaths during
the entire epidemic was recorded—954. The fourth wave, like the second, had a slower
progression after the vaccinations, and before it expired for good, a new variant of the
Omicron coronavirus appeared and the number of cases began to rapidly rise, creating a
fifth active wave by June 2022 [7]. The sixth epidemic wave started at the end of July 2022.
For entrepreneurs and businesses, this wave was associated with a previously unknown
threat, both to the individual and to the economy (those who remembered previous major
epidemics, such as the Spanish flu after the First World War, have already died). The
rapid introduction of severe economic restrictions slowed the epidemic; it has also severely
constrained economic activity and overestimated the country’s physical and infrastructural
goals and needs. In view of the organisational shortcomings at State level, citizens and
especially large companies participated in the aid, offering mainly material and material
aid [8]. In terms of citizens’ health, the country’s second-largest epidemic was worse due to
the conflict between health and economic protection (in terms of reintroducing restrictions
on business activity). Other waves accompanied by a high number of deaths occurred
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when vaccination against COVID-19 was already available. The high number of deaths
affected people who refused vaccination, but also the limited human resources of hospitals
and the availability of medical care for diseases other than SARS-CoV-2 [9,10]. While the
media in the first wave cited numerous examples of support for hospitals and medical staff
by organisations, there was only sporadic information in the second wave. However, that
does not mean that this help did not exist; it was not driven as it was at the beginning of
the pandemic.

For energy companies, active participation in the fight against the COVID-19 epidemic
in the country is not a statutory activity but can take place within the framework of the
pillars of corporate social responsibility and also in the context of the implementation of
the Sustainable Development Goals, in particular SDG 3 “good health and wellbeing”.
However, it must be emphasised that each of the 17 SDG targets includes practices that
contribute to improving people’s quality of life through direct or indirect impact on our
health. In the first year of the 2020 pandemic, Poland recorded a 40% increase in voluntarily
reported good practices in the area of CSR, many of which related to the implementation of
SDG 3. The financial, trade and energy sectors were the most active [8].

The paper is structured as follows: First, the authors present the situation of the Polish
energy sector in the context of adaptation to the latest challenges of the climate neutrality
policy in the EU and describe the main features of the COVID-19 epidemic in Poland.
We formulate research goals, questions and hypotheses and show how the analysis fits
into the collection of existing studies. We also explain the choice of the topic of corporate
social responsibility in the energy sector. We would like to underline the need for such
studies in connection with Poland’s obligations in the EU and towards the world. The next
step is the definition of the research method, followed by definitions and circumstances
of the introduction and popularisation of concepts such as CSR and SDG, with sources of
information on the activities of companies in this field in Poland. The data and results of
the analysis of the four research questions are then presented. In the following sections, the
authors discuss and analyse the results.

1.1. Research Goals and Questions

The analysis of the impact of the epidemic on best practices and good governance in
the energy sector was based on the belief that investors consider tourism, oil and gas and
the financial sector to be the most affected by COVID-19 [11].

The research goals. Bearing in mind that the outbreak of the COVID-19 pandemic
could change the plans (priorities) regarding the fulfilment of corporate social responsibility
tasks or slow them or delay, it seems interesting to look at CSR in the energy sector in the
implementation of statutory activities of companies relating strictly to the energy sector,
whose activity is included in (SDG) 7: “Ensure Access to Affordable, Reliable, Sustainable
and Modern Energy for All” [12]. It is logical that in the implementation of this noble
objective, the principles and rights of people and workers must be respected, and that
is why we have decided to combine the “sustainable energy” plan (expressed in SDG)
with the corresponding implementation of the measures taken for that purpose (good CSR
practices). Broadly speaking, this can only mean the energy sector, which we want to look
at from a dual perspective: the local authorities and the companies operating in the sector.

Against this background, it is useful to answer the following research questions:

1. To what extent are local authorities involved in the implementation of CSR good
practices in the field of energy efficiency?

2. To what extent does the energy sector contribute to the implementation of CSR good
practices for “access to affordable, reliable, sustainable and modern energy” (SDG 7)?

3. Has the COVID-19 outbreak reduced the involvement of companies in the implemen-
tation of SDG7?

Based on our current knowledge, we assume that:
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Hypothesis 1 (H1): Local authorities support the concept of energy efficiency, which can benefit
both authorities and citizens. Implementation, however, requires considerable financial resources,
which is why the measures are small steps, small initiatives.

Hypothesis 2 (H2): As the participation of Polish entrepreneurs in CSR is still relatively low, the
involvement of the energy sector (in particular due to the difficulty in adapting to the EU’s 2050
climate neutrality policy) is also expected to be low, although it refers to its priority activity in the
area of affordable, clean energy. However, we have no doubt about the pro bono participation of
companies in this sector.

Hypothesis 3 (H3): We, therefore, assume that the outbreak of the epidemic in Poland has lim-
ited the commitment to “affordable, reliable, sustainable and modern energy for all” to other ad
hoc initiatives.

Any findings confirming or disproving the low level of activity in good CSR practices
can be partially commented on by answering the following question:

4. Do entrepreneurs (regardless of the sector) understand the concept of corporate social
responsibility?—using the example of local companies from Lublin district (own
research).

Hypothesis 4 (H4): Given the lack of a uniform definition and the complexity of the concept [13],
we assume that it may be difficult to develop a deeper understanding of the objectives and the way in
which the popular concept of CSR is pursued.

This choice of questions has, of course, its limits. First, the set does not complete
the theme; second, it relies on information provided voluntarily (and, therefore, more
subjectively) by organisations; and third, information on the understanding of CSR is more
or less local (question 4). In addition, both the concept of corporate social responsibility
and the Sustainable Development Goals are general in nature, and CSR is interpreted in
different cultural contexts, both in terms of national and corporate culture. Finally, the
proposed topic is highly actual, the data collected at the end of May 2022 and the connection
between CSR and SDG tasks are hardly visible in the literature. This is the first empirical
study on the impact of the COVID-19 epidemic on very modern concepts of responsiveness
in the economic conditions of the Polish energy sector.

1.2. Selected Literature

In contrast, the COVID-19 pandemic is probably the most popular research topic in
many contexts. In addition to medical research, it acts as an umbrella over place and time,
activities, and interactions in other disciplines. It can be said that in many cases it is a
symbol of time. That is why we have, therefore, decided not to carry out studies on many
subjects under the umbrella of COVID-19 in order not to lose sight of this work. However,
it is worth mentioning some of the thematically related issues, such as:

“COVID-19: What it means for the energy industry” on the PwC platform [14]—The
outbreak has contributed to a decline in oil demand, resulting in plummeting oil prices and
production declines, especially in the wake of the Russia–OPEC price war.

Prepared by Lu et al. [15], “Impacts of the COVID-19 epidemic on the energy sector”
on the example of energy companies from the USA and China has shown that although the
epidemic negatively affected many aspects of the energy industry, the pace of transition to
clean energy has not stopped. However, some energy companies went bankrupt during
this time.

Olabi et al. [16] “Impact of COVID-19 on the Renewable Energy Sector and Mitigation
Strategies”. This report examines the impact of the COVID-19 epidemic on the renewable
energy (RE) sector, particularly in countries with the largest renewable electricity capacity,
such as the United States, China, India and the EU. The start of renewable energy projects
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was interrupted due to lack of funding allocation and disruptions in the supply of equip-
ment and components due to blocking measures. “The RE sector was [ . . . ] significantly
impacted by the COVID-19 epidemic, but interestingly in a unique way. The power supply
from REs was not affected similar to those for coal- and natural gas-fired power plants that
have ceased operation or reduced operational capacity due to reduced power demand and
limited fuel supply with the drop in maritime trade. The RE sector was affected mainly due
to lack of capital investment and supply chain disruption, along with lockdown measures
and hence reduced workforce. The COVID-19 pandemic has demanded additional budget
from many governmental entities to manage such crisis and save peoples’ lives; hence, less
budget for capital expenditure or subsidy was available for execution of RE projects. The
disruption in the supply chain has resulted in the unavailability of RE components, more
specifically PV modules, either due to lockdown measures at manufacturing facilities or
cessation of transportation operations, which has led to the deferral of many REs projects
along with increased cost. Additionally, the lockdown measures have resulted in ceased
construction work in many RE projects. [ . . . ] Nevertheless, the pandemic can present
some opportunities once proper mitigation strategies and policy recommendations are
considered for the post-COVID-19 era.” (p. 569).

Werth et al. [17] in “Impact analysis of COVID-19 responses on energy grid dynamics
in Europe” performed an analysis in sixteen countries. They provided results that the
restrictions caused the load drop, and energy generation was affected in most countries.
The results also showed that energy generation from nuclear, coal and gas sources decreased
significantly, while penetration of renewables is increasing.

Siksnelyte-Butkiene [18] in “Impact of the COVID-19 Pandemic to the Sustainability
of the Energy Sector” provided the systematic literature review performed in the Web
of Science (WoS) database, where a total of 113 relevant articles were selected for the
analysis. The five main impact areas of the COVID-19 pandemic to the sustainability of the
energy sector were found: consumption and energy demand; air pollution; investments in
renewable energy; energy poverty; and energy system flexibility.

About Poland “The Economic Effect of the Pandemic in the Energy Sector on the
Example of Listed Energy Companies.” [19] The capital groups selected for the study
were: Polska Grupa Energetyczna (PGE), Tauron, Enea and Zespół Elektrowni Pątnów-
Adamów-Konin (ZE PAK). These capital groups are the largest electricity producers in
Poland, as they own at least one of the ten largest power plants in Poland and are listed on
the stock exchange. To examine the energy effectiveness, the authors used ratio analysis
tools, i.e., financial ratios, liquidity, debt, profitability and efficiency. According to the
conclusions, the level of industrial production and investment declined, contributing to a
decrease in domestic electricity consumption and, thus, affecting the reduction in electricity
production. However, the decline in production in power plants by about 4% compared
to the same period of the previous year is not significant. The pandemic accelerated the
introduction of activities related to preparing entire organisations for changes to meet the
challenges posed to energy companies related to decarbonisation. However, Rutkowska-
Tomaszewska et al., the authors of this article, were not able to verify the actual share of
RES in energy production due to the lack of figures on energy consumption by prosumers
(they are not recorded).

Other works dealing with Poland and the impact of COVID-19 pandemic on se-
lected economic aspects (other than energy) are, of course, widely represented, both as
articles [20,21] and as topics of dissertations [22–24].

Of the few articles on the conjunction of CSR and SDG, the paper “Sustainable De-
velopment Goals (SDGs) as a Framework for Corporate Social Responsibility (CSR)” [25]
should be highlighted, in which these two concepts were scientifically linked. Of course, we
consider that the value of these ideas lies in putting them into practice. In a sense, however,
there is a surplus of texts urging organisations to use them, and an excess generally leads
to trivialisation. For this reason, our study focused on a database that shows already
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implemented good CSR practices related to the Sustainable Development Goals, not only
the declared ones.

It should be emphasised that there are more scientific studies that cover only some
aspects examined by our study (defined by two or three keywords). A systematic literature
review performed by Stuss et al. [26] using the keywords “CSR + Poland + Energy Sector”
showed 32 publications in the ProQuest database in 2011–2021, in Emerald—10 publications,
and in SCOPUS—4 publications. The search in the ProQuest database (August 2022) with
the phrase “COVID-19 in Poland” leads to 321 records and “CSR in Poland” to 73. There is
no article that summarises all the keywords in this work.

2. Corporate Social Responsibility (CSR) and Sustainable Development Concepts

There is no one specific definition of CSR [13]. Rather, the concept is defined by the
context in which the term is used. CSR is a process in which business show their concern
about the welfare of the environment and for people. The concept varies between society,
and it is likely to change constantly according to the circumstances of each company [27].
The three pillars of CSR are: environment, society and economy [28]. In the International
Organization for Standardization (ISO) conceptualisation, CSR is the method by which
enterprises can adapt and manage economic, social and environmental issues for the benefit
of communities, as well as measures in the field of social inclusion and human rights [29].

The reporting of corporate social responsibility (CSR) after the first years of chaos
(especially now, due to appearing epidemic consequences), the so far widespread use of
avoidance by companies or the presentation of facade solutions (stigmatised as part of
greenwashing or latest warwashing) becomes increasingly honest and forward-looking,
although still uncomplete. It is based both on voluntary commitments and actions by
companies and on mandatory standards (in terms of transparency in reporting non-financial
data) introduced by stock exchanges and state governments or institutions, such as the
European Union. In fact, the documents prepared by the European Commission were of
key importance for the development of CSR, especially:

1. Green Paper: Promoting a European framework for Corporate Social Responsibility
(2001) [30];

2. White Paper: Communication from the Commission concerning CSR: A business
contribution to Sustainable Development (2002) [31];

3. “A renewed EU strategy 2011-14 for Corporate Social Responsibility” (European
Commission, 2011) [32].

The last document stresses that “that the economic crisis and its social consequences
have to some extent damaged consumer confidence and levels of trust in business. They
have focused public attention on the social and ethical performance of enterprises. By
renewing efforts to promote CSR now, the Commission aims to create conditions favourable
to sustainable growth, responsible business behaviour and durable employment generation
in the medium and long term” (p. 2). These words about the financial crisis at the end of
the first decade of the 21st century, began to come true unexpectedly a decade later in 2020s
when the COVID-19 pandemic broke out, which changed economic activity in almost all
parts of the world. It is this sudden change that we can call global, while the 2008 financial
crisis had “only” an international dimension.

In the case of Poland, information about CSR practices by institutions is now available
thanks to the Directive 2014/95/EU (relating to disclosure of non-financial information by
companies) [33]. It was implemented into Polish law in January 2017. Furthermore, 2018
Polish companies are obliged to report on non-financial information in a free access [34].
However, despite the lack of obligation, the number of published non-financial reports
continued to increase from one in 2005, with as much as a 50% increase compared to the
previous year in 2010 (39 reports). Most non-financial reports in 2005–2016 were published
(in order) by the fuel sector, banks, food and energy sectors [35].

In Poland, corporate social responsibility is a concept whose origins are seen in the
economic practices of the country’s companies in the 1990s. Although there were earlier
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publications about CSR in the field of economic activity (especially on the ethics of action),
the dynamic diffusion of this idea took place only in the years 2006–2007 due to the massive
influx of foreign investors to Poland [36]. However, already in 1999, the Council of Ministers
adopted the document “Poland 2025-Long-term Sustainable Development Strategy” [37].

The first years of CSR in Poland are divided as follows [38,39]:

1. The first stage of CSR development in Poland (1989–1999)—phase of silence and lack
of interest;

2. The second stage (2000–2002), CSR raised dislike and sometimes even opposition from
many business leaders and economists, overwhelmed by the idea of “the invisible
hand of the market” as a cure;

3. The third stage (2003–2004) brought interest in declaring recognition of ethics and
social responsibility as a foundation of a company’s conduct;

4. The fourth stage (2004–2005)—development of specific, albeit partial, projects,
5. involving certain significant areas of a company’s functioning;
6. The fifth stage (2006–2007)—an attempt to link CSR with other strategies imple-

mented in a company, i.e., communications, personnel, marketing or corporate gover-
nance strategy;

7. The sixth stage (2007–now) is of advanced implementation when managers of large
and medium companies try to adapt their activities to standards seen in
western practices.

Stakeholder expectations and a good image of the company, exchange of best practices,
dissemination of CSR knowledge in the media and compliance with European requirements
are factors influencing the development of CSR in Poland [40]. In the next segment, we will
deal with the SDGs. These goals were set by the United Nations General Assembly in 2015
and included in the UN Agenda Resolution 2030 as a blueprint for the continuation of the
Millennium Development Goals (MDGs). The SDGs are as follows [41]:

1. No poverty: End poverty in all its forms everywhere.
2. Zero hunger: End hunger, achieve food security and improved nutrition and promote

sustainable agriculture.
3. Good health and well-being: Ensure healthy lives and promote well-being for all at

all ages.
4. Quality education: Ensure inclusive and equitable quality education and promote

lifelong learning opportunities for all.
5. Gender equality: Achieve gender equality and empower all women and girls.
6. Clean water and sanitation: Ensure availability and sustainable management of water

and sanitation for all.
7. Affordable and clean energy: Ensure access to affordable, reliable, sustainable and

modern energy for all.
8. Decent work and economic growth: Promote sustained, inclusive and sustainable

economic growth, full and productive employment and decent work for all.
9. Industry, Innovation and Infrastructure: Build resilient infrastructure, promote inclu-

sive and sustainable industrialisation and foster innovation.
10. Reduced inequalities: Reduce inequality within and among countries.
11. Sustainable cities and communities: Make cities and human settlements inclusive,

safe, resilient and sustainable.
12. Responsible consumption and production: Ensure sustainable consumption and

production patterns.
13. Climate Action: Take urgent action to combat climate change and its impacts.
14. Life below water: Conserve and sustainably use the oceans, seas and marine resources

for sustainable development.
15. Life on land: Protect, restore and promote sustainable use of terrestrial ecosystems,

sustainably manage forests, combat desertification, and halt and reverse land degra-
dation and halt biodiversity loss.
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16. Peace justice and strong institutions: Promote peaceful and inclusive societies for sus-
tainable development, provide access to justice for all and build effective, accountable
and inclusive institutions at all levels.

17. Partnership for the goals: Strengthen the means of implementation and revitalise the
global partnership for sustainable development.

SDG7 is an objective directly related to the tasks of the energy sector. We can as-
sume, that 8 out of 17 goals may relate also to this goal: (3) good health and well-being,
(4) quality education, (8) decent work and economic growth, (9) industry, innovation and
infrastructure, (11) sustainable cities and communities, (12) responsible consumption and
production, (13) climate action and (17) partnerships for the goals.

Unfortunately, COVID-19 has slowed down the implementation of the increasingly
efficient objectives of sustainable development. The World Bank points to “The 2022 edition
of Tracking SDG 7” [42]: “The Energy Progress Report shows that the impacts of the
pandemic, including lockdowns, disruptions to global supply chains, and diversion of
fiscal resources to keep food and fuel prices affordable, have affected the pace of progress
toward the Sustainable Development Goal (SDG 7) of ensuring access to affordable, reliable,
sustainable and modern energy by 2030. Advances were impeded particularly in the most
vulnerable countries and those already lagging in energy access. [ . . . ] The impact of
the COVID-19 crisis on energy was compounded in the last few months by the Russian
invasion of Ukraine, which has led to uncertainty in global oil and gas markets and has
sent energy prices soaring”. Since the authors in the previous work deplored the fall in fuel
prices, which exacerbated economic and employment problems [14–16], it is necessary to
highlight the extraordinary unpredictability of the energy market in recent years, not only
due to the pandemic but also due to numerous political turbulence, without climate policy
to forget.

Although much is said about sustainability issues, there is no theoretical or practical
consensus about what CSR is and how it relates to sustainable development and business
sustainability. However, international organisations believe that both CSR concepts and the
SDGs are consciously and organisationally linked [9]. The Sustainable Development Goals
are changing the debate on corporate social responsibility. The SDGs are the roadmap
to a more sustainable future, and CSR is the first step. Companies have the necessary
resources, manpower and technology to achieve the SDGs. The SDGs are much broader
and more forward-looking than individual corporations, making the economy more social
and sustainable [11,25]. CSR is also a key to promoting the SDGs [43].

CSR is popular in the energy sector. Companies promote renewable energy sources
“and invest in improving their energy security and efficiency, updating their technology
and procedures, and minimising the negative effects of energy storage and transport. Sus-
tainable Energy Development (SED) (Sustainable energy development, recognized since
1987, is a complex multi-dimensional concept that can vary in meaning based on the con-
text it is applied in and the perspective of the user [44].) goals aim to reduce pollution,
increase efficiency, enhance alternative energy resources and utilize new technologies. In
the meanwhile, energy supply sustainability is the guide to protect future needs while
satisfying current requirements. CSR activities may lower the costs for consumers and
encourage renewable energy and energy-saving technologies. [ . . . ] CSR elevates com-
panies’ non-financial performance such as carbon footprint mitigation” [25]. According
to Tiep [45], the role of corporate social responsibility in achieving sustainable energy
is positive.

Nair et al. [46] point out that the concepts of changing the role of SDGs after the
pandemic suggest contradictory views in the literature. Some authors explain the growing
importance of SDGs for the environment after COVID-19, while others discuss the pos-
sibility that COVID-19 may hinder the implementation of the SDGs. Authors “suggest
that, in the new normal (post-pandemic), the SDGs within those principles ought to be
re-prioritized and better integrated with CSR strategies and actions [ . . . ] and propose
that corporate entities assume a more proactive role in reorienting their CSR initiatives

124



Energies 2022, 15, 7057

to-wards achieving the SDG targets in the post-pandemic global context”. The findings of
ElAlfy et al. [15,47] “affirm the need to understand the environmental and social impacts
of CSR activities on sustainable development and how current CSR performance can be
improved and redirected to have long-term sustainable benefits on companies and society
at large”.

The flagship source of information on Poland’s progress in the field of CSR and SDG
are the reports by the Central Statistical Office [48,49]. “Poland on the path of sustainable
development. Report 2020” was prepared on the 5th anniversary of signing the Agenda
2030 by Poland. The next 2021 Report was focused on selected threads of economic
inclusiveness. Its leading topic was inclusive economic growth, emphasising the drop in
regional and social inequalities since 2015.

Other information about CSR practices in Poland is available in numerous companies’
reports [50], regional self-government [51], as well as nationwide [52]. Descriptions of
good practices identified in local government competitions, including, in particular, the
“Local Government Leader of Management” as part of the work of experience sharing
groups and identified independently by the offices of local government organisations, by
local government media and recommended by other local governments, were entered into
regional self-government databases [51].

Apart from the above-mentioned databases, the most important source of information
presenting CSR practices in Poland in the context of SDGs implementation is annual report
“Responsible Business in Poland. Best practices” [53] published by the largest Polish NGO,
named the Responsible Business Forum. The Forum is an expert organisation with the
longest tradition in Poland, running since 2000, that initiates and partners in key activities
for the Polish CSR. It presents the data in a comprehensive manner, dividing activities into
seven areas, according to the ISO 26000 standard.

The report, which has been published since 2001, provides an overview of the activities
of companies that have notified their CSR activities. Each year, it summarises the most
critical issues of a responsible business in Poland, based on voluntary CSR reports from
organisations (up to 10 practices per year per company can be submitted), and since 2016,
it also includes information on good practices contributing to the achievement of the UN
Sustainable Development Goal.

3. Materials and Methods

In order to obtain relevant information and maximally unbiased observations, a
qualitative approach and individual interviews were chosen. To realise the objective of the
study, the following measures were taken:

1. The research framework was defined.
2. In order to show the responsible and sustainable work of local authorities in im-

plementing the strict policy of the next steps towards climate neutrality in the EU
countries by 2050, data on good practices of local authorities were collected in the
categories “Energy Efficiency” (the only category in the CSR database that directly
addresses the energy dimension) and in two local initiatives (case studies for urban
and rural areas).

The data are taken from the database of the nationwide local governments. It contains
information on the energy practices of local administrative units. Its name is The Base
of Good Practices, and it was launched in 2007 by nationwide self-government organisa-
tions. It collects descriptions of good and proven solutions in the field of improving the
management of public services and the development of local government units, including
institutional development, and since 2013, it also contains inter-government cooperation.
At present, this database contains more than 500 standardised descriptions of practices,
consistent with the adopted methodology. They are divided into several sections: Social
services, technical services, institutional development, energy efficiency and others [52].

1. To demonstrate a similarly responsible approach by energy companies to the same
ambitious goal of climate neutrality, the data were taken from the nationwide database
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The Responsible Business Forum, which combines CSR practices with sustainability
goals. Currently (data for the end of 2021), this database contains 7772 examples
of good practices from Poland, 783 companies involved in CSR, 28 industries and
20 reports of Good Practice [54]. This is a record growth in reported practices over the
year (by 1664 examples), and it is still the epidemic period (but with less restrictions
and mass vaccinations against COVID-19). The companies engaged a report on a
maximum of 10 best practices. Qualifying a good practice requires its compliance
with the concept of corporate social responsibility. The final evaluation is carried
out by the qualifying committee, which includes representatives of the Responsible
Business Forum. The data collected allow us to link the good CSR practices with
Goal 7: affordable and clean energy, which is of interest to us in this case. The analysis
of changes in CSR practices in the energy sector during the COVID-19 epidemic was
based on data from the following years:

• since 2016 but before the epidemic outbreak (that is, since both categories: CSR
and SDG appear in the reports)

• and in the first epidemic year 2020 (before vaccination against COVID-19) as well
as in the second year 2021 (with vaccination against COVID-19).

2. In order to assess the companies’ understanding of the CSR objectives and the degree
of implementation of the measures (usually not only in the energy sector), the results
of a sample of more than 400 companies from the Lublin district in south-eastern
Poland were presented. A preliminary questionnaire was introduced in 2018 and
updated in 2021.

A descriptive qualitative analysis was used to answer the research questions. This
method makes it possible to collect and combine systematic, objective, and repeatable
research information. The empirical basis of the study is the cross-sectional time series
contained in the annual reports. These databases have a good reputation and are used
in several domestic [55,56] and foreign [57–60] publications, including some published in
Energies [26,61–63].

With such vague concepts as CSR and the implementation of SDG, the use of statistical
analysis is not justified. “Numbers are not inherently superior to sound judgments” [64].
It should be noted that all subjective data provided by companies are available online
in free access. Companies are prepared to publish information on their best practices in
order to disseminate them while strengthening the company’s image [65]. When actions
are reported not as a whole but as several separate tasks, which statistically increases the
number of remarkable achievements, it can be an advantage of the prepared databases, as
well as its disadvantage. Such an assumption discourages the use of statistical methods all
the more.

4. Results

In answer to research question 1: To what extent are local authorities involved
in the implementation of CSR good practices in the field of energy efficiency?
In Sections 4.1 and 4.2, we focus on CSR initiatives that are voluntarily submitted by local
authorities to the nationwide Good Practice Database [52]. This section discusses the initia-
tives taken but also highlights two examples of such activities, one in the urban areas and
one in the rural areas.

To answer research question 2: To what extent does the energy sector contribute to the
implementation of CSR good practices for “access to affordable, reliable, sustainable and
modern energy” (SDG 7)? We used data extracted from the database Responsible Business
Forum [54]. We were looking for data sets that met the following requirements: thematic
area (multiple according to CSR dimensions1), industry (we chose the Energy sector),
source of good practice (reports 2016–2021), selected from the Sustainable Development
Goal (SDG7) list.
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The next step was to search the records by the name of the organisation (company)
and the following years (by entering the report for the corresponding year in the source of
good practice window). The results are presented in Section 4.3.

This section also contains the information required to answer question 3: Has the
COVID-19 outbreak reduced the involvement of energy companies in the implementation
of SDG7? All data for answers to question 2 and 3 are arranged by years, i.e., before the
pandemic (2016–2019) and during the pandemic (2020–2021).

Section 4.4 presents the results of the survey in response to research question 4:
Do entrepreneurs (regardless of the sector) understand the concept of corporate social
responsibility?—using the example of local companies from the Lublin district.

4.1. Energy Efficiency in a Common Base of Good Practices of Local Government Units

Data on good practices used here are provided by the energy efficiency section up to
the end of May 2022. The “Energy Efficiency” category has significantly less good practice
than the “Social Services”, “Technical Services” and “Institutional Development of CSR”
categories. In the energy efficiency category, 41 practices were registered, of which 4 were
in rural communes, 7 were at subdistrict (poviat) level and 30 were in urban communes
(the most in Bielsko-Biała, Częstochowa and Poznań, respectively) [52].

The activities in rural communities included:

• Comprehensive activities increasing energy efficiency, improving the ecological effect
based on investments using renewable energy sources in Gierałtowice;

• An initiative to increase the use of renewable energy sources (Kobylnica);
• Comprehensive use of renewable energy sources as one of the pillars of the sustainable

development of the rural commune of Słupsk;
• Reduction in pollutant emissions using renewable energy sources in a rural Mazurian

commune (Stare Juchy).

At the subdistrict (poviat) level, in fact, most of the “city” problems were implemented,
such as:

• Center for Renewable Energy Sources in Bielawa;
• Comprehensive program of atmospheric air protection in the scope of limiting the

emission of pollutants into the atmosphere of the city of Bielsko-Biała from residen-
tial buildings;

• Improving air quality and increasing the use of renewable energy sources by mod-
ernising the heat source and installing solar collectors for SPZOZ County Hospital
in Bochnia;

• Optimisation of energy and environmental management in public buildings of the city
of Częstochowa;

• Cooperation of the poviat self-government with non-governmental organisations
in the effective use of renewable energy sources in the nursing home for children
“Rainbow House” in Ełk;

• Renewable energy sources as the basis for the modernisation of the school
heating system;

• Comprehensive modernisation of thermal energy installations based on renewable
energy sources in the nursing home.

In addition, many varieties of the city energy programs were reported directly at
city level as one of the pillars of effective city management, solar roofs, changes in street
lighting, educational programs, etc:

The activities in city communities included (location and name of the project):
Northern Poland:
Dzierzgoń (33 th. inh.)—Sunny roofs for the Dzierzgoń commune.
Dzierżoniów–Energy management in a small town—a model proposal
Kępice (69 th. inh.)—Cooperation of the municipal government with the state forests

and other entities in the use of renewable energy sources.
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Central Poland:
Głowno (14,5 th. inh.)—Modernisation of street lighting in the city of Głowno.
Płońsk (22,55 th. inh)–Modernisation of the district heating system of the city

of Płońsk.
Poddębice (7,5 th. inh.)—CITY OF THE SUN—the use of renewable energy sources

for heating purposes in the strategic promotion of the Poddębice commune.
Uniejów (3 th. inh.)—The only geothermal heating system in Poland without the use

of conventional heat sources as a supporting system.
Western Poland:
Gniezno (69 th. inh.)—Gniezno Poviat—Biofuels.
Poznań (540 th. inh.)—The use of biogas from municipal waste for combined energy

production as an element of comprehensive waste management in the Poznań agglomeration.
Poznań—“Keep warm” 2010/2011—a program for free thermal imaging of buildings.
Poznań—EcoDriving of safe Poznań—the local government promotes driver educa-

tion, serving the safety of city traffic and environmental protection.
Eastern Poland:
Ełk (61,5 th. inh.)—Investments in renewable energy sources as an element of the

integrated eco-development policy of the city—“Renewable Energy Master”.
Ełk—CITY ENERGY PROGRAM as one of the pillars of effective city management.
South Poland:
Bielawa (30 th. inh.)—Environmental education in Bielawa from kindergarten

to university.
Bielsko Biała (530 th. inh.)—Educational and promotional campaign ”Bielsko-Biała

protects the climate.”
Bielsko-Biała—Energy management system in Bielsko-Biała.
Bielsko-Biała—Renewable Energy Sources (RES)—an innovative concept for training

future staff in Bielsko-Biała.
Bielsko-Biała—Monitoring of the energy market in Bielsko-Biała.
Bielsko-Biała—Low emission reduction program in Podbeskidzie—a successful exam-

ple of replicating the experiences of the Tychy local government in Bielsko-Biała.
Częstochowa (225 th. inh.)—A tender for the purchase of electricity is one of the

elements of cost optimisation for local governments.
Częstochowa—Council for Sustainable Development of the Energy Economy of the

City of Częstochowa as a platform for cooperation between entities shaping and imple-
menting the local energy policy.

Częstochowa—City of Sustainable Energy—Częstochowa local government is the
promoter of the exemplary local energy efficiency action plan.

Częstochowa—Energy and environmental management in public buildings of the City
of Częstochowa.

Radlin (17,8 th. inh.)—The use of solar collectors (RES) as part of the modernisation
programs of heat sources implemented by the commune.

Radlin—Low Emission Reduction Program.
Kluczbork (24 th. inh.)—Cooperation of the municipalities of Opole Silesia in effective

energy management on the example of the negotiation process with an energy concern.
Kraków (768 th. inh.)—Comprehensive action of the Municipality of Kraków for

energy efficiency.
Nowa Dęba (11 th. inh.)—Effective use of biomass energy in combination with sewage

waste for ecological city heating.
Świdnica (57 th. inh.), Lubin (71 th. inh.)—Reduction in electricity purchase costs

through cooperation of local governments within the purchasing group.
Tychy (127 th. inh.)—Effective and environmentally friendly heat sources—the Ty-

chy program for reducing low emissions (PONE).
To sum up, the basic objectives for renewable energy provision are included in all

good practices reported by rural authorities, almost all by subdistrict (poviat) authorities
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and only in some cities. Good practices for cities (Bielsko-Biała, Czestochowa, Poznań,
Dzierżoniow, Ełk, Radlin) were submitted extensively and some cities have reported several
(sometimes they are related, such as the reported practices in the energy dimension in
Częstochowa city). Most cities participating in the CSR good practices in energy efficiency
are small towns (up to 70,000 inhabitants), mainly in the south of Poland. From cities with
more than half a million inhabitants, only initiatives from Krakow and Poznan are reported.
Unexpectedly, Warsaw (capital) and the three-city (Gdańsk-Gdynia-Sopot) are missing. In
each of the five zones of Poland (North, West, East, Central and South), there are renewable
energy supply initiatives, but the number of notifications is low. Best practice reports from
southern Poland focus on the modernisation of heating systems. These are areas with high
air pollution in the country [66], and the municipalities are striving to reduce low emissions
(smog). Since 2022, the oldest solid fuel boilers have been banned in two districts of
southern Poland (Silesia and the Subcarpathian). Both resolutions concern boilers in service
more than 10 years after their manufacture and boilers without a nameplate. From 2023,
the oldest boilers in the capital region and in south-eastern Poland will also be banned [67]

4.2. CSR Local Practices in the Energy Sector–Case Illustration
4.2.1. Township Scale

The example chosen to illustrate measures to implement the Sustainable Development
Goals correlated with CSR relates to a project to modernise street lighting in the town
of Głowno in central Poland. It is a small town with about 5000 inhabitants. Until the
modernisation project, more than 1500 light points were installed in the urban area, most
of them mercury lamps. The old lighting system had an output of 280 kW. Mercury lamps
produced copious amounts of hazardous waste and were less efficient. The aim of the
modernisation was to illuminate streets and public spaces in compliance with current
standards while reducing the so far installed capacity. After replacing the lighting, the total
installed capacity dropped to about 155 kW. The estimated cost of the luminaires to be
replaced was about 500 thousand PLN (around 106 thousand euro). The financial effects
show the difference in the cost to the city budget in the winter months before and after
the modernisation of the system, which decreased by more than 30%. Account should be
also taken of the shadow prices associated with mercury-containing waste, which is no
longer present in the system. Other benefits have to do with improved social security, as
the lighting system is now more efficient. The project started before the epidemic and was
completed in 2020–2021 [52].

4.2.2. The Case of City Rural Surroundings

This is the case of the rural surroundings of Słupsk city located at the Baltic Sea. This
area is known for its project to install the American missile shield, but here, the main point
of our interest is its very intensive local government’s environmental policy. Through a
dynamic investment policy for the efficient use of renewable energy sources, the small
municipality is one of the leaders in the use of renewable energy, not only in rural commu-
nities but also in many much larger and more prosperous municipalities. In this context, a
gradual thermo-modernisation of the buildings has been carried out since 2001, and in 2004,
the modernisation of school boilers was completed, leading to the commissioning of five
independent biomass boilers. In 2005, own energy pasture plantations were set up for the
heating cellar, and two years later, the municipal biomass heating plant was established. In
2009, the municipality implemented the “Solar Installations in the Municipality of Słupsk”
program under which individuals and small businesses could apply for a partial grant for
the purchase and installation of solar collectors. The collectors were also installed in the
buildings of the municipal water park in Redzikovo. In the same year, a street lighting
system with LED lamps and solar panels was installed. All these measures led to signifi-
cant savings in electricity consumption and a significant reduction in air pollution in the
municipality. As a result, the inhabitants of nearby Slupsk city prefer to move to the area of
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the village Słupsk and increase their budget by increasing tax revenues. The brand “I fly
for the city” promoted in this way has become the calling card of this corner of Poland [52].

4.3. CSR Practices in the Energy Industry in Conjunction with the Sustainable Development Goals

Good CSR practices in the Energy sector were reported 63 times in total in the analysed
years 2016–2021, including 19 in 2021 and 14 in 2020, which means 33 in both years of the
epidemic (2020–2021) (Table 1).

Table 1. CSR good practices in the energy sector in Poland in a framework SDG 7 by core subjects of
ISO 26000 (in 2016–2021).

7 Core Subjects
of ISO 26000 2021 2020 2019 2016–2021 CSR Activities by Type

2016–2021

Organisational
governance 1 0 0 1 Management (1)

Human rights 0 0 0 0

Labour practices 0 0 0 0

Environment 16 10 4 40

Certification (2)
Ecological education (6)

Eco-office (1)
Eco-construction (2)
Eco-efficiency (13)
Eco-products (2)

Circular economy (2)
Renewable energy sources (8)

Pro-environmental programs (3)
Sustainable transport (1)

Fair operating
practices 1 3 0 5

Market education (3)
Relationships with suppliers (1)

Relationships with stakeholders (1)

Consumer issues 0 1 0 13
Availability of products and services (2)

Consumer education (8)
Facilitation for customers (3)

Community
Involvement

and development
1 0 1 4

Good neighbour (1)
Charity and philanthropic activities (0)

Education of children and youth (2)
Sustainable cities (1)

TOTAL 19 14 5 63 20 types

Source: own selection [54].

This means that most good practices were reported in epidemic years, and by far
the most in 2021, when anyone wanting to vaccinate against COVID-19 was able to do so
because a number of vaccines were available. As a result, the year 2021 was not dominated
by charities for medical infrastructure, as was the case in the first year of the 2020 pandemic.
However, it should be noted that most deaths in Poland occurred in 2021 (15 April), and
then on 1 January 2022 [20]. It is, therefore, difficult to say whether conditions in Poland
were safe enough to forget about the pandemic and focus on different CSR activities and the
achievement of SD goals outside of health. Without the pandemic, the interest of the energy
sector in achieving the European Union’s “Fit for 55” targets probably could increase. In the
years of the 2020–2021 pandemic, the energy sector reported 22 charitable and philanthropic
practices, including 17 in the first year of the 2020 pandemic. Only one non-profit project
listed in Table (Table 1) means that only that project was notified for the achievement of
SDG7. In total, the energy sector reported 44 best practices under philanthropy over the
period 2016–2021, which shows that the energy sector increased its philanthropic activities
in the field of charity and philanthropy in 2020, compared to other years [54].
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However, when assessing the level of interest of the energy sector in the implementa-
tion of the environmental policy prepared and subsequently adopted by Poland, the interest
was relatively low compared to expectations and overall objectives. In 2016–2021, 194 good
practices from all sectors listed in the database were reported (including 30 under the
renewable energy category) to implement SDG 7 (affordable and clean energy). However,
it represents only 2.5% of the total number of good practices included in the database in
those years. Only one third of the 2.5% was proposed by energy companies. In addition,
the practices reported by energy companies (usually large and state-owned), were more
than 12.5% (63 out of 504 reported), and thus, the proportion of these practices among
energy companies was higher than in other sectors of the national economy. Which should
not be surprising.

In the epidemic years 2020–2021, energy companies returned 16% of the reported
SDG 7 good practices. Before the pandemic, 2016–2019, it was only 10%, and if one
looks at just one year before the pandemic, it is even less than 7% of all reported good
practices (affordable and clean energy). Therefore, it can be assumed that the outbreak of
the epidemic and achievement of other objectives by companies, such as philanthropic
or public health objectives [8], did not change (or stop) the achievement of SDG7 in their
routine activities. This can probably be explained by the low level of commitment on the
part of companies that are predisposed to these activities. If so, we have to ask why?

Some of the companies running in the energy market and reporting CSR practices
did not have activities related to the provision of affordable and clean energy at all.
For example:

• Veolia Energia Polska, which notified four practices (SDG 4 and 11), but none in the
energy sector;

• Poland Energy, 14 practices, none related to SDG 7;
• Tauron Poland Energy, 62 practices (20 in 2020–2021), of which only 9 are linked to

SDG 7, while 21 are linked to SDG 3 (health and quality of life improvement), and
20 are linked to SDG 4—good education. In the pandemic years 2020–2021, Tauron
carried out such practices as: Video cabin with an advisor, Feel the magic of Christmas,
Don’t lose shape, Train at home!, Plant Experimental Area, Great Joy on Two Wheels,
MegaPower of Christmas Carols, etc. The few that relate to SDG7 and renewable
energies are: new sources in the “TAURON virtual power plant”, Take no smog, Take
a breath, EKO Premium product, Electricity and heat from methane, Photovoltaic
farm on the site of a former coal-fired power plant, eco-competition “Subsidy for
the house”;

• PGNiG, 32 practices (18 in pandemic years, 10 in 2020 and 8 in 2021). Only 4 practices
were related to SDG 7 (of which 3 were in 2020): RIPEE—Register of Energy Efficiency
Initiatives, Energy from the Sun, ISO 50 001 certified—Energy Management System,
PGNiG Thanksgiving Account;

• PKP Energetyka, 16 practices, including one linked to the achievement of SDG 7:
Traction energy storage system PKP Energetyka;

• ENEA, 62 good practices, including 6 related to SDG7 in the areas of consumers’, chil-
dren and young people education; there is no connection to renewable
energy sources;

• PKN Orlen, 60 practices, including one in the eco-efficiency category under SDG 7
Investment projects with innovation, innovation and R&D components of the 2021
Decarbonisation Programme;

• Energa ORLEN Group, 29 practices, including 6 related to SDG7, in the category of
sustainable cities, eco-efficiency, environmental programmes, consumer education,
certification; no connection to renewable energy sources;

• Veolia Group, 32 practices, but only 6 related to SDG7: Innovative Energy Installation—
Heat Recovery from Waste Water (Szlachęcin), Energy Efficiency of Buildings—
Competition at Veolia Group in Poland, Transformation2050. pl, Veolia Group’s
Intelligent Heat Network in Poland and two in the Circular Economy category: Ob-
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taining heat production from industrial processes for district heating and the use of
waste gas for heat generation;

• Polsat Plus Group (Cyfrowy Polsat, TV Polsat), 22 good practices, 2 of which are
related to SDG7, including 1 on renewable energy: the Polsat Plus Group on Green
Energy from the Sun;

• Columbus Energy, 9 Best Practices (all from 2021), of which 3 are related to SDG 7, in
the categories “eco-products”, “eco-office” and “environmental education”.

In 2016–2021, only 6 good practices met SDG7 exclusively, in the categories of con-
sumer education, market education or children and young people education (mainly in
2016). In other cases, several SDGs (two to five) were achieved simultaneously and within
the same project. In these cases, SDG7 was in first place only four times. The most fre-
quent combinations with SDG 9: industry, innovation and infrastructure (27 times) and
SDG 13: climate action (27 times) as well as SDG11: sustainable cities and communities
(19 times) and SDG12: responsible consumption and production (18 times). In addition, it
was combined with SDG 4 (7 times), SDG 8 (2 times) and once with SDG 14, 15 and 17.

4.4. The Problem of Understanding CSR and Raising Awareness of Sustainable Development Goals
among Companies’ Leaders

The problem of understanding CSR and raising awareness of the Sustainable Develop-
ment Goals is of particular concern to companies. The same was noticed in the Stawicka
and Paliszkiewicz paper based on a statistical database [65]. Grass root level research
shows this question in detail. A survey of the local economic activity in the Lublin district
made in 2018–2020 included the sample of 448 companies. Students from the University of
Economics and Innovation in Lublin, who are members of the Student Scientific Circle, took
part as interviewers. They approached this task very responsibly by adding information
from the supplementary interviews to the printed questionnaires. The students live in
different localities of the Lublin district, so the geographical scope of the research was
broad and involved companies of varied sizes and activities. Out of a total of 448 surveys,
162 were conducted in Lublin city, 103 in other major towns of the district (Zamość, Chełm,
Puławy, Kraśnik) and 183 in smaller settlements. The various locations of the companies
were an additional factor taken into account in the analysis [68].

The objective was to assess the extent to which entrepreneurs in local markets un-
derstand the challenges of CSR implementation and whether CSR practices improve com-
petitiveness. The project covered several aspects of corporate social responsibility. The
first question was whether the operators were aware of the CSR and then whether they
applied measures in favour of the CSR. It was only then that the qualitative question arose
of what a company implements in this area, how it does it and what impact it has. For
formal reasons and in order not to discourage respondents unnecessarily, the benchmark
for gender, age, education, etc. used in research was omitted.

The questionnaire included five questions, namely:

1. Are you familiar with the concept of corporate social responsibility?
2. How can this concept be defined?
3. What activities do you associate with corporate social responsibility?

a. Charitable purposes (social assistance)
b. Emergency assistance
c. Protection of the environment
d. Other?

4. Does your company meet the objectives of CSR in the above-mentioned area? How?
5. What are the benefits for your company of implementing CSR?

The starting point of the discussion on the application of CSR principles at the local
level was the entrepreneur’s approach to the concept. Question 1 “Are you familiar with
the concept of corporate social responsibility?”; approximately two thirds of respondents
answered yes. Is it a high percentage? Apparently no, which was also confirmed by the
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answers to the following questions in the survey, which means that the idea of CSR needs
to be popularised. There were fewer respondents, as only about 50% of respondents from
Lublin city and the larger cities in the region reported using CSR (question 4) and even
fewer (42%) in small towns and rural areas. Therefore, there were hardly any differences
in the responses according to the location of the company. These results cannot, of course,
be regarded as highly representative, but the quantitative survey suggests a trend even if
the companies are randomly selected. Incidentally, it should be noted that corporate social
responsibility was earlier promoted in Lublin city under the Swiss–Polish Cooperation
Program, although this action concerned recycling.

Qualitative research leads to more interesting conclusions. There were several. In
the beginning, it was an intellectual task to define the concept of CSR (question 2). It was
shown that fewer people are able to deal with this issue than those familiar with the term
“CSR”, although these figures roughly corresponded to the number of companies applying
CSR principles (see the Table 2). The review, therefore, confirms that local entrepreneurs
are generally unaware of CSR.

Table 2. CSR knowledge, ability to define and apply (% of respondents).

Location Knowledge of CSR (%) Ability to Define (%) Applying CSR (%)

Lublin city 69 43 46

Towns 62 52 56

Other settlements 66 38 42

Total number of
respondents 448

Source: [58].

This project has shown that there is still little awareness of CSR objectives at the
company level. The majority of respondents saw CSR as support for the people in need
but felt that this should be provided by the state and NGOs. For some respondents, CSR
is associated with charity, especially in crisis situations, and with the involvement of the
company’s employees in solving problems in the local community and in solving problems
related to workers’ rights. Unfortunately, the topic of sustainability was secondary in the
interviews (recycling, energy saving). The results show that education needs to be fully
supported if CSR is to become ubiquitous and even mandatory.

5. Discussion

Renewable energy plays a strategic role in the decarbonisation process to combat
climate change, as it plays an increasingly important role in electricity markets. When
assessing what Poland has achieved in order to provide affordable and accessible clean
energy for all, it should be noted that the changes that need to take place in the Polish
economy are incomparably greater than in other EU countries. Achieving these objectives
requires not only substantial financial resources but also responsible decisions, because
changes affect many citizens (especially coal workers), as well, six regions are linked to coal.
It is estimated that, by 2030, approximately PLN 300 billion could be made available for
national transformation and approximately PLN 60 billion for coal conversion. EU funds,
from the Just Transition Fund, Cohesion Policy, and the Facility for Reconstruction and
Resilience, can play an important role. National funds are also to be involved, and a special
role in this area is already played by programs implemented by the National Fund for
Environmental Protection and Water Management and district funds, the Modernization
Fund and the Energy Transformation Fund [2].

We are currently in a difficult time in which we have to counteract both the risks of
negative climate change (long-term objective) and the protection of citizens’ health (short-
term objective COVID-19 goal). Although we know little about the post-pandemic period,
this will certainly be a shorter episode in world history than the reversal of the negative
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climate change we are already witnessing. However, with the rapidly increasing number
of illnesses and deaths, it is difficult to imagine that we would wait (at individual and
company level) without doing anything but calmly pursuing our statutory goals. Therefore,
the involvement of energy companies in the activities during the COVID-19 pandemic,
particularly in the field of material aid to hospitals, local communities or philanthropic
activities, was very clear [8,69]. However, it must be emphasised that policies to pro-
mote affordable and clean energy (SDG 7) do not differ significantly before and during
the pandemic.

Perhaps it is because this is still a margin of activity for companies whose main task
is to supply energy. Another reason is the different approach (lack of standardisation) of
Polish energy companies to the implementation of good CSR practices, unless they refrain
from reporting on good practices, even though they are being applied by them. However,
studies carried out by Stuss et al. on the example of the largest Polish energy companies
with international status show that there is a standard approach to CSR in all Polish energy
companies. The three largest energy companies (Enea Group, Tauron and PGE) assessed
that the way they build their CSR strategies is based on: formalised CSR concept, published
CSR reports, disclosure of CSR information on the company’s website, CSR activities for
stakeholders, content of CSR certificates and CSR awards [26].

The question arises as to why affordable and clean energy (SDG 7) stands for only
a small proportion of CSR activities of energy companies (10–12%) as an objective of
good practice. To demonstrate good CSR practices, they combine SDG7 with different
objectives. Why? Is it just a marketing measure? To answer this question, it is worth
looking deeper. However, it seems that: CSR “concept is still understood by many as
sponsorship and philanthropy. The main barriers to CSR development in Poland include
lack of qualified staff, inability to see the direct effects for business, poor incentives from
the state administration, insufficient time, and limited financial resources” [2,36]. Tylec’s
study [40] shows that the exchange of good practices, the expectations of stakeholders (in
line with the expected image effects) and the dissemination of CSR through the media
are the three most important factors for the development of CSR engagement in Poland,
bearing in mind the need to follow Directive 2014/95/EU [34]. The factors hampering the
development of CSR in Poland are repeated statements in another study that it is a lack of
knowledge and funding [40]. Based on the surveys carried out in the Lublin district, we
believe that the lack of knowledge and capital is the main obstacle to the development of
CSR in Poland for small and medium-sized enterprises. Similar to Witek-Crabb [38], we
do not believe that large publicly owned listed companies (and most of those who enter
good practices in the energy sector into the Responsible Business database) have a problem
with lack of knowledge [70], perhaps with a lack of capital, which is worth checking in
future studies. Tylec’s study [40], pp. 269–270, based on surveys among entrepreneurs
in the period 2016–2020 reporting good practices to the Responsible Business Database
(the same used in this study), shows that “some entrepreneurs/managers are aware of the
importance of socially responsible activities, their impact on business performance and
their impact on business performance integrates them into management strategies. At
the same time, there are companies and managers who come closer to Milton Friedman’s
statement that the company is primarily responsible for achieving economic objectives.
Contrary to literature studies, the surveys (which target a selected group of entrepreneurs)
in Poland do not confirm that CSR is generally recognised as a concept of governance,
is strategically important or has been given even more prominence in recent years”. It
is important that in 2020, only 4% of respondents believed the company benefitted from
CSR, compared to 17% in 2018. The lack of a budget for socially responsible measures was
confirmed by 8% of respondents in 2017, 21% in 2019 and 11% in 2020. At the same time,
40% of respondents were unable to estimate the value of the CSR budget [40], pp. 268–269.
Has the pandemic affected the financial problems of non-financial bravery? In view of the
existing ambiguities, the investigations should be continued.
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Regarding the impact of CSR on a company’s finances, there is an interesting work
by Chodnicka-Jaworska [71] that is based on data from 9521 European companies and
examines the impact of ESG (environmental, social and corporate governance (ESG)) on
corporate returns during the COVID-19 pandemic. It was shown that prior to the out-
break of the pandemic, more attention was paid to ESG factors, and during this crisis,
investors often viewed investing in ESG as being at risk of losing money. In the sub-
sectors, the factors from groups E and S showed the greatest significance. At the same
time “sectors react differently to ESG scores. The most sensitive are the energy, industrial
(on social responsibility), materials, and utility sectors. This is strictly connected to regu-
lations related to pollution reduction as well as energy and water conservation” [19,71].
Boldeanu et al. [72] demonstrated, that the pandemic had a significant negative impact
on European electricity companies (in terms of abnormal returns) but the impact was
more pronounced for renewable electricity companies than for traditional ones. However,
contrary to the results of Chodnicka-Jaworska [73], which confirmed the impact of ESG
measures on energy sector credit ratings and confirmed a significant impact of ESG on
energy sector credit ratings during COVID-19, these authors obtained different results.
After the World Health Organization (WHO) declared COVID-19 a global pandemic on
March 11, 2020, they investigated which pillars influence the company’s performance. They
also showed that it is consistent with the current literature, which states that ESG factors
were irrelevant during the pandemic on stock returns. This relationship is, therefore, to
be regarded as unclear and requires further investigation and the application of different
assessment methods, from quantitative to qualitative.

Particularly “in the case of the Polish energy sector, the expectations that the decla-
ration of compliance with CSR rules will translate into an improvement in the level and
stability of profitability and stock market quotations of companies are not confirmed. In
the case of this sector, changes in the strategic conditions of its functioning play a more
important role than social responsibility” [19,74]. These may be factors influencing the
decisions of large energy companies to reduce their participation in CSR good practices.
Although the number of initiatives proposed is no fewer or even greater than before the
epidemic (chapter 3), the financial cost and commitment of employees is not in line with
the fundamental changes expected in the European decarbonisation policy.

Codogni [75] distinguished four levels of commitment, attitudes of enterprises, and
issues related to corporate social responsibility, with Polish participation in types 2 and 3:

1. Obstructionism—enterprises do as little as possible to solve ecological and
social problems.

2. Defensive attitude—the organisation respects only the applicable law but otherwise
does nothing for the local community or the natural environment.

3. Adjustment attitude—regarding CSR, the organisation fulfils its basic legal and ethical
duties and, in some cases, goes beyond those duties.

4. Active attitude—the organisation perceives itself as a citizen and actively seeks ways
to contribute to the social good.

Witek-Crabb [38], based on the analysis of the content of the website, carried out a
comprehensive diagnosis of the CSR maturity of Polish companies based on the conceptual
model of CSR maturity, which consists of three perspectives: process maturity of CSR,
formal maturity of CSR and development maturity of CSR. Between 2016 and 2017, the CSR
practices of 93 listed companies from nine industries were analysed. The main finding was
that the CSR practices of Poland are still quite low: 47% of companies implement incidental
CSR, 30% tactical CSR and 23% apply strategic CSR. She found that the CSR maturity level
is company-size- and industry-dependent. “The most mature CSR practices in the studied
sample were implemented by the banking and energy sector companies. Average results of
companies in these industries place them on or close to the strategic level. [ . . . ] In these
enterprises, CSR is a part of the business strategy and daily operations. CSR activities are
planned, and their results are monitored and measured” [18,38].

135



Energies 2022, 15, 7057

However, it should be emphasised that in the field of environmental CSR in Poland,
there was more intensive activity than the database of good practices suggests. Stud-
ies based on annual reports of leading oil, gas and mining companies (PKN ORLEN,
PGNiG-Polskie Górnictwo Naftowe i Gazowe and KGHM Polska Miedz) show their strong
commitment to environmental CSR: environmentally friendly initiatives and projects. areas
for the environmental protection were as follows [76]:

• application of environmentally friendly technologies and techniques to reduce the
negative environmental footprint;

• reducing the emissions of greenhouse gases (decarbonisation);
• regularly monitoring and reporting the outcomes of the environmental activities,
• including the use of natural resources, the level of emissions and waste;
• aiming at the achievement of the maximal ecological neutrality, including the use

of water;
• increasing the involvement in the area of the closed circle economy, the development

of distributing infrastructure for alternative fuels (e.g., electrical energy, bio-fuels
and hydrogen);

• conducting and participation in R&D projects in terms of new technologies;
• identification and fulfilment of legal requirements and other regulations, undertaking

remediation and reclamation measures.

It seems that these are main activities aimed at eliminating or minimising the negative
impact of the company’s activities on the natural environment. Initiatives to change the
company’s strategy for affordable and clean energy play only a minor role at present.

The strategic challenge for Poland (as mentioned before) is to abandon coal as an
energy source and replace it with renewable energy sources, nuclear energy, hydrogen, etc.
These first—renewable energy sources—now account for almost a third of the total installed
capacity of all energy sources. Currently, the sun is the largest renewable energy source in
Poland [77]. Photovoltaics are the most popular on a smaller, even individual scale, such
as in households, schools, nursing homes, medical clinics, which significantly affects the
dispersion of energy sources in Poland. This preference is reflected in the analysis of the
local initiatives taken (Sections 4.1 and 4.2). Essentially, local energy independence will
reduce energy costs and ease of access.

This is beneficial not only because of the need for renewable energy but also for un-
foreseen phenomena such as epidemics (with disruption of the supply chain) or impending
political conflicts [78].

The main obstacles to the development of renewable energy are limited opportunities
for companies to finance investments, legal support schemes, administrative and procedu-
ral difficulties and problems in the operation of transmission networks. In some cases, the
current regulation hampers the development of renewable energy sources, as evidenced
by wind energy. Wind energy can become a leading renewable energy source in the short
term and provide more energy than photovoltaics. However, the obstacle is the so-called
distance law, which affects the development of new wind farms. This is a consequence
of the application of the “10H” rule, i.e., the possibility of setting up wind turbines at a
distance of at least 10 times the height of the power plant at maximum rotor height. It is
easy to calculate that with a wind turbine of 150 m, the minimum distance from residential
buildings is 1500 m. This barrier will be removed by an amendment to the law that provides
for a minimum distance between the windmill and the buildings of only 500 m.

Another important requirement for increasing the share of renewable energy sources
is cable pooling, i.e., the possibility to share the energy infrastructure between different
generation sources, e.g., integrating photovoltaics to a wind farm. Additionally, the idea of
industry with its own renewable energy sources, without the transmission grids (which in
Poland are congested and need to be modernised) is also examined. This would eliminate
state intermediaries, which in practice, leads to lower costs for industry [78].
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6. Conclusions

The authors have focused on the energy sector, represented in Poland mainly by large
companies with state capital listed on the Warsaw Stock Exchange. The companies face the
far-reaching goals to change the energy profile of Poland into a more pro-environmental
one, moving away from coal towards clean, easily accessible and, ultimately, cheaper
energy sources. These targets are set for all EU countries for the coming years and decades,
as Europe is the first continent in the world to have declared itself climate neutral by 2050.
The transition to a climate-neutral economy is both an urgent challenge and an opportunity
to ensure a better future for all. In this context, it became necessary to analyse the progress
made by the Polish energy sector towards achieving the Sustainable Development Goals 7,
i.e., securing energy through the application of good business practices. As the plans
may have changed or slowed down due to the urgent risks of the COVID-19 pandemic,
supplementing the analysis with a more detailed analysis of the situation over the period
2020–2021 has led to cautious conclusions.

In answering the first research question, we found that the number of good local
practices reported is very low. As of 1 January 2022, the administrative structure of Poland
consisted of 16 districts, 314 counties and 66 county-level towns, 2477 municipalities
(including 302 urban municipalities, 662 urban–rural municipalities and 1513 rural munici-
palities) [79]. The fact that only 41 good practices were reported is a symbol of this state
of matters. This means that municipalities do not have such plans or do not report such
practices. The information obtained from databases allows us, on the one hand, to monitor
the activity of energy companies on their territory. It is interesting to see whether the
wishes of local authorities are in any way compatible with the sustainable and responsible
management of energy companies. After compiling the data from the two databases [52,54],
it seems that there is a discrepancy between the plans of local governments and large en-
ergy companies. Local government officials plan infrastructural investments in renewable
energy sources or energy efficiency, as they serve the residents of the administrative unit.
The aim of energy companies is to improve the image of the company or, more generally, to
fulfil the task of adapting the country to international climate policy. Although these goals
can be achieved, they rarely are. CSR activities are more closely correlated with public
relation, as other authors have already mentioned [80].

In the search for an answer to the second research question, we have noted the
important philanthropic activity of energy companies, but unfortunately, many good
practices in the field of clean and accessible renewable energy are not impressive and
insufficient to meet the objectives of EU climate policy. Despite the increasing number of
reports and good practices reported, the phenomenon is unsatisfactory.

However, the impact of the pandemic on the implementation of Sustainable Devel-
opment Goals 7 in the area of CSR is not a hindrance. It is even possible to speak of
some intensification of efforts to close this gap during the pandemic. Combining SDG7
with many other SD targets in a project, however, implies an image rather than an actual
activity. Or, according to the results of the attempt to answer the fourth research question,
the entrepreneur does not have the knowledge to integrate himself into the concept of
corporate social responsibility. This is also confirmed by the literature. A certain facilitation
is the dependence of CSR in Poland on the European Union guidelines and legislative
solutions. Moreover, Tylec’s study [35] shows that the least barrier to the implementation of
socially responsible business (and of constantly decreasing importance) is legal regulations.

Hypotheses 1, 2 and 4 were confirmed in the work. The hypothesis 3, stating that the
role of the epidemic in the work on the responsible approach to the implementation of SDG
7 in Poland, remains unconfirmed.

The current COVID-19 pandemic still is in progress and continues despite the govern-
ment replacing the epidemic in Poland on 1 April 2022 with an epidemic emergency. The
consequences cannot be predicted reliably. In the case of the Polish energy sector, however,
the impact of the epidemic was overshadowed by other events, the most important of
which was the outbreak of the war in Ukraine. This is, of course, a problem not only for the
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Polish energy sector but also for the global one. This is just one of many pieces of evidence
of the strategic importance of the energy sector in the broadest sense, and there are still
many uncertainties worth constantly examining. For this sector, the studies must be made
available as soon as the analytical data are available. In our case, updated information
for 2021 was published in the second database released at the end of May 2022 and was
immediately incorporated into our analysis.

However, the conducted analysis has its limitations. First, it is based on good practices
declared voluntarily by companies. Of course, the validity of the statements is verified by
the appropriate authority. Still, it can be assumed that some good practices are not reported
by companies. Presumably, however, this applies to a small extent to large companies in
the energy sector, for which it is in a good interest to demonstrate such practices.

The subject of this analysis is currently undergoing major changes due to the simul-
taneous occurrence of many modifying factors (epidemic, war, the fight against global
warming and environmental pollution). Therefore, it is worth continuing research on good
practices related to the energy sector in conditions of rapid changes. Another issue worth
attention is the circular economy, an increasingly topical subject both in the world and in
the European Union, undertaken in analyses concerning many sectors [81,82], including
energy. In a circular economy, it is necessary to focus on the use of renewable energy
sources that do not contribute to increasing environmental pollution. Our further research
steps go deeper in this direction.
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Abstract: Employment and the competencies of employees in the energy sector are coming into
particular prominence in economies around the world. It is one of the few sectors positively affected
by the COVID-19 pandemic. As a result, a significant global change in the awareness of society
occurred in favor of increasing pro-health and pro-environmental activities, which can be seen in
the green transformation. Poland can also boast such changes in recent years, as evidenced by the
dynamic development of renewable energy sources (boom for photovoltaics) and the increase in
prosumption. Correlated with this is the increase in demand for employees with specific competencies,
the so-called multi-competencies that are a compilation of technical, business, and soft and hard
competencies, as well as interdisciplinary ones. The paper emphasizes the need to better adjust the
education system to the real needs of the labor market in a turbulent environment with the use of the
Sectoral Qualifications Framework in Energy, developed in cooperation with stakeholders from the
industry. Therefore, the authors analyzed the employment structure in the energy sector in Poland,
with particular emphasis on the factors and conditions of this structure and made an attempt to
identify and create a competency profile of employees in this area. For the purposes of this article,
two key research problems were formulated: What are the key competencies of employees in the
energy sector? How is employment changing in this area? The following research hypothesis was
also put forward: The transformation of the energy sector towards green energy affects the increase
in employment in this area and the increase in the demand for soft competencies. The analysis was
based on statistical data, reports, job advertisements, and a review of the results of empirical research
to date.

Keywords: energy; green transformation; green energy; energy transformation; low-carbon economy;
competencies; sectoral qualifications framework for energy; employment; labor market in Poland

1. Introduction

Energy shapes all economic and living activities of all humankind. Nature provides
inexhaustible energy resources, such as water, wind, solar radiation, geothermal energy,
biomass, biogas, and biofuels, which constitute ecologically beneficial alternatives to the
ever-exploited resources of coal, oil, or gas [1].

The energy sector is one of those few “immune” to the effects of the COVID-19
pandemic. As shown by statistics and scientific research, employment in this area is
systematically increasing all over the world. The pandemic significantly changed and
increased social awareness and increased empathy and sensitivity to both health and the
natural environment.
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Therefore, the development of the energy sector and the ensuing increase in employ-
ment result mainly from the green transformation and are related to the development
of such energy branches as solar energy (photovoltaic installations, solar collectors, heat
pumps) and an increase in the use of biogas, hydropower, wind energy, or biomass. The
support offered by the European Union for green energy is also crucial. It has already
contributed to the accelerated modernization of the existing energy systems in Europe as
well as the emergence of new products and services in this area.

The changes in employment caused by technological and technical changes triggered
by the necessity to transform the energy system (particularly the electricity sector) into a
post-coal one remain the focus of many studies. However, only a handful of the researchers
work with forecasts or provide detailed information at the country or sector level while
reporting the results broken down by competency level and capital expenditure. It must
be noted that it is worth distinguishing between these categories in order to obtain a
more differentiated picture of the demand for labor in various stages of transformation.
This approach to the problem enables an early and appropriate response to future labor
demand. Therefore, an attempt can be made to rationally plan appropriate expenditure for
a given phase with the help and characteristic intensity of appropriate measures related
to employment, retraining, education, and vocational training. This helps to address
persisting or potentially worsening labor market imbalances and inequalities and to create
a post-carbon transformation in line with the principles of fair transition [2].

The development of the energy market is associated not only with the aforemen-
tioned increase in employment (creation of new positions and jobs) but primarily with the
formation of new employee competencies in the labor market. These currently include mul-
tidimensional, interdisciplinary, and specialist competencies as well as soft competencies.

The aim of this article is to analyze the employment structure of employees in the
energy sector in Poland, allowing for the factors and conditions of this structure, and
to attempt to identify and create a competency profile of employees in this area. The
authors have formulated the following research inquiries: What are the key competencies
of employees in the energy sector? How is employment changing in this area? A research
hypothesis was formulated: The transformation of the energy sector towards green energy
affects the increase in employment in this area and the increase in the demand for soft
competencies. The analysis was based on statistical data, reports, job advertisements, and a
review of the results of empirical research to date.

2. Energy in Poland

One of the principal problems for the countries of the European Union and the world
is climate change and the deteriorating condition of the natural environment. In order
for technological progress not to endanger the health and life of the population, it has
become necessary to pursue an appropriate environmental policy [3]. The action plan
called “The European Green Deal” is intended to make Europe a neutral continent in
terms of greenhouse gas emissions by 2050 while maintaining a competitive, modern,
and sustainable economy. The possibilities of implementing this new strategy in the
European community are being awaited in all economic and social areas, including the
energy sector [4,5]. This sector plays an important role in the economy, and energy and its
resources are becoming strategic products that have a real impact on almost all elements of
the proper functioning of the state [6].

Energy is currently considered to be one of the key industries all over the world. It
covers the production and distribution of both electrical and heat energy. There are two
key types of energy production, i.e., conventional energy, C.E. (fuel combustion), and
non-conventional energy, N.C.E. (alternative sources), which are presented in Figure 1.

Compared to traditional (fossil) sources, obtaining energy from renewable sources
is more environmentally friendly. The escalation of the use of renewable energy sources
reduces the harmful impact of energy on the natural environment, mainly by reducing the
emission of harmful substances, particularly greenhouse gases [8].
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The “Polish Energy Foresight” report presents the results of the research based on the
Delphi method that is used to predict long-term processes and phenomena. The aim of
this research was to capture the way the energy transformation in Poland is shaping up.
Among the formulated theses, the researchers indicate the following four key ones, i.e.,

(1) Withdrawal from hard coal mining for energy purposes is of the greatest importance
for the energy transformation in Poland (93% of experts);

(2) A conducive factor for the development of the energy transformation in Poland is the
level of domestic and EU funding (73 points per 100);

(3) The key barrier to the development of the energy transformation in Poland is the
instability of its political situation and authority structures;

(4) The experts formulated the conclusion that the building of a nuclear power plant in
Poland and an increase in gas consumption are both very unlikely ever to happen
(26% of the experts) [9].

For several years now, the global economy has seen a steady increase in the use of
non-conventional energy. The precursors to the development of this energy sector are
mainly those European Union countries that first ratified the Kyoto Protocol—an interna-
tional treaty on an agreement to combat global warming [1]. Additionally, comprehensive
statistics in the field of renewable energy are systematically developed by the International
Renewable Energy Agency (IRENA). Globally, the share of renewable energy is growing
at an average of 7.6% per year, with the exception of Asia, where it has reached 54%. As
shown in IRENA reports, Poland follows global trends—solar and wind energies currently
take the strongest position [10].

A draft of Poland’s Energy Policy by 2040 was presented In September 2020 (PEP 2040).
The share of coal in the energy consumption structure will reach no more than 56% in

2030, and with increased prices of CO2 emission allowances, it may even drop to 37.5%. In
2040, the share of coal will drop to 28%. Currently, coal-fired power plants produce approx.
70% of electricity.

The share of renewable energy sources will inevitably increase in all sectors and
technologies (Figure 2), and in 2030 this share will amount to at least 23% of the gross final
energy consumption:

- not less than 32% in the power industry (mainly wind energy and photovoltaics);
- 28% in heating (increase by 1.1 percentage point, year to year);
- 14% in transport (with a large contribution of electromobility).
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In addition, there will be a significant increase in installed capacity in photovoltaics:
approx. 5–7 GW in 2030 and approx. 10–16 GW in 2040.

Offshore wind energy will be implemented from 2025, and the installed capacity will
reach approx. 5.9 GW in 2030 and approx. 8–11 GW in 2040. On the other hand, onshore
wind energy will reach approx. 8–10 GW in 2030.

In 2033, the first nuclear unit with a capacity of 1–1.6 GW will be launched, and the
following ones will be put into operation within 2–3 years—the entire nuclear program
assumes the construction of 6 units by 2043.

The most anticipated innovations in the energy sector include:

- energy storage technologies;
- smart measurement and energy management systems;
- electromobility and alternative fuels;
- hydrogen technologies [11].

Polska Grupa Energetyczna (PGE) is involved in investments and projects related to
the green transformation of the energy sector in Poland toward low-emission. Examples
include the construction of offshore wind farms in the Baltic Sea, two gas-and-steam units
at Dolna Odra Power Plant, and photovoltaic farms (currently, around 3000 ha of land have
been allocated for this purpose) [12].

The analysis of the Polish energy market, carried out by Forum Energii (Energy Forum)
and presented in the “Polish energy sector 2050. 4 scenarios” report, outlines four possible
paths of development of the sector in the context of EU obligations in the perspective of up
to 30 years, including the economic and environmental effects as well as the impact on the
national economy.

Scenario 1, “The Coal Scenario”, assumes the construction of new mines (predicted
RES share in 2050: 17%).

Scenario 2, “The Diversified Scenario With Nuclear Energy”, is a mix of energy tech-
nologies (predicted RES share in 2050: 38%).

Scenario 3, “The Diversified Scenario Without Nuclear Energy”, is an increased pro-
duction of natural gas and renewable energy sources (predicted RES share in 2050; 50%).

Scenario 4, “The Renewable Scenario”, is the withdrawal from coal energy (predicted
RES share 73%).
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Comparing the above scenarios, their total system costs are similar—approx. 6%. The
significant differences are in the level of CO2 emission reduction (scenario 1 by 7%, 2–65%,
3–68%, 4–84%), and the level of providing energy security (the renewable scenario has the
highest level of independence) [13].

3. Employment of Workers in the Energy Sector in Poland

The number of jobs in the broadly understood energy sector (electricity, heating, trans-
port, water desalination) is likely to increase worldwide to 134 million in 2050 (57 million
in 2020), assuming that 100% of the energy in the world will be obtained from renewable
sources by then, which is one of the goals of the Paris Agreement (a climate agreement,
which assumes that the European Union’s economy will become climate neutral by 2050).
Such a transformation of the energy market will definitely require more qualified and com-
petent employees, e.g., in the field of specialist servicing of renewable energy sources [14].

The changes brought about by individual countries’ efforts to achieve the climate
neutrality in question will have both positive and negative consequences. The first one will
be a decline in demand for high-carbon products and services and the related changes in
capital allocation, and the second key consequence will be changes in global labor markets.
On the one hand, there will be a decline in employment in sectors that are directly and
indirectly related to the extraction of fossil fuels, and on the other hand, an increase in
the demand for employees in sectors related to renewable energy, hydrogen, and biofuels.
According to forecasts, there will be an increase in the demand for around 200 million jobs
and a decline for around 185 million jobs worldwide [15].

Shifting resources from high-carbon to low-carbon activity, therefore, requires flexible
labor and product markets. Efficient financial markets that will support the withdrawal
from fossil fuel energy and the linking of physical capital with low-carbon products, as
well as restructuring and manufacturing processes, are also important. Additionally, an
effective framework, such as good research conditions, the adaptation of new skills in
the workforce, and a favorable environment for the construction and development of
new technologies (including through R&D subsidies), will facilitate the structural changes
required to implement green production practices [16] and creation of new jobs.

At present, when entering one of the largest advertising portals in Poland—www.
pracuj.pl (accessed on 2 April 2022) and searching for energy, there are nearly 600 job
offers for various positions in this area in companies throughout the country. These offers
include energy advisor, assistant designer, project manager, photovoltaics specialist, energy
documentation specialist, (energy) technological expert, renewable energy consultant, cost
estimator in the energy department, heat and process energy engineer, energy efficiency
manager, emission measurement coordinator, and many more. For example, Polska Grupa
Energetyczna PGE is currently looking for employees for 25 jobs (as of 2 April 2022).
Another large company, Tauron Polska Energia S.A., has as many as 147 job offers [17].

The increase in employment in the energy sector in Poland has been systematically
noticeable for several years. Admittedly, the employment structure is changing in connec-
tion with the green transformation and modernization of this area. The transition from a
coal-based economy to a low-carbon economy requires retraining employees and creating
new, green jobs.

The energy transformation in the world, including Poland, has become a fact. It has
and will continue to have a significant impact on the increase or decrease in employment
in particular sectors and groups of employees in the coming years. The modernization
of the energy sector in Poland, which is aimed at low-carbon emissions, is related to
the withdrawal from the coal economy, where employment in the country amounted to
77.7 thousand people as of the end of 2021, and at the end of June 2022, this number was
74.8 thousand [18].

The impact of the energy transformation on the increase or decrease in employment
in individual sectors and groups of employees in Poland is a dynamic phenomenon.
Currently, the energy market in Poland is experiencing a noticeable increase in the demand

146



Energies 2022, 15, 6941

for employees, for example, in the area of traditional energy sources. This is happening,
most of all, in connection with the need to modernize or replace the energy infrastructure.
On the other hand, there is a noticeable decrease in the demand for employees operating
energy installations based on mine raw materials, coal mining, and operating and servicing
mining machines. In addition, along with a significant reduction in coal extraction and
the liquidation of mines, specialists will be in demand, for example, in the rehabilitation
of post-mining areas or workers performing fieldwork. Focusing the energy policy on
low-carbon emissions is and will also be associated with the need to develop offshore
and onshore wind farms or photovoltaics, so designers, producers, installers, service
technicians, and advisers in this area will also be sought after. In connection with the
energy transformation, the construction sector will also look especially for manufacturers
of thermal insulation products, contractors, energy auditors, and energy advisors. On the
other hand, agriculture is gradually moving away from cattle breeding and feed production
in favor of plant cultivation, organic food production, nutritional consulting, dietetics, or
food processing. The impact of this energy transformation is also noticeable in the transport
sector. The departure from passenger cars and trucks with traditional drives in favor of
electric vehicles and the development of public transport will increase the demand for
specialists in this area, including specialists for the repair of electric passenger cars working
in the construction and operation of charging stations, battery disposal specialists and bus
drivers, tram drivers, train drivers, logisticians of journeys and parking systems, specialists
in servicing equipment and managing the placement of vehicles [19].

A great deal of recent research and reports on the performance of the energy sector
has focused on employment generated by investment. When planning their energy future,
governments are also interested in the benefits of job creation and the possible identification
of skill shortages that could arise from a large energy program. Employment created or
supported by the energy sector is often a problem when government support is considered
or provided [20]. The energy transformation affects the labor market not only directly in
the energy sector but also in other related sectors, such as the mining industry, transport,
construction, and agriculture. The increase in demand for employees is noticeable and
understandable, primarily in connection with the development and formation of new
offshore and onshore wind farms, photovoltaic farms, electrical vehicles, low-emission
machinery and equipment, or the production of ecological food. In turn, the decline in the
demand for employees mainly affects traditional power engineering based on fossil raw
materials or the coal mining sector and other branches of the economy based on it. On the
other hand, it stimulates an increase in the demand for employees, e.g., for reclamation
of post-mining sites, and creates considerable opportunities for retraining and changing
the employees’ professional profiles, which will, in turn, enable balancing the demand
and supply for employees on the labor market and minimizing the negative effects of the
energy transformation. The RES sector creates a variety of jobs in production, services, and
construction which require a range of qualifications and skills. Its development not only
increases the number of jobs but also improves their quality in the industry. The increase
in employment requires a new investment momentum, which will be determined by the
dynamics of jobs created by, e.g., the wind energy industry in the next decade; this dynamic
will largely be determined by the amount of expenditure for the building of offshore wind
farms [21].

Before 2016, the location of many wind farms was acceptable because these structures
were built prior to the adoption of the Act of 20 May 2016 On Investments In Wind
Farms [22]. The provisions of the introduced act stipulated that the distance of wind farms
from residential buildings and any forms of environmental protection may not be less than
“ten times the height of the wind farm measured from the ground level to the highest point
of the structure, including technical elements, in particular the rotor with blades”—the
so-called Rule 10H. Therefore, newly located windmills (or wind farms) should be located
at a distance of about 1.5–2 km from residential buildings and protected natural areas or
reserves. That rule basically limited or halted any investments in this area. The situation
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changed on 5 July 2022, when the Polish government adopted a bill that amended the
above-mentioned legal act. This was dictated by the state’s energy policy related to the
diversification of energy sources. Rule 10H is supposed to continue to maintain the basic
rule for locating a new wind farm (exclusively on the basis of the Local Zoning Plan—LZP).
Pursuant to this provision, the local zoning plan can determine a different distance of the
wind farm from residential buildings considering the range of the wind farm’s impact
while maintaining the absolute minimum safety distance specified in the draft amendment.
The removal of the 10H barrier for wind farms will contribute to “unblocking” the wind
industry and creating new jobs, but certain “support” in stopping such a strong dynamic
of energy price growth is also to be expected.

4. Competency Profile of Employees in the Energy Sector

Production of clean energy is expected to continue to grow in the coming years, but
it has been observed that the supply and demand for labor in the energy sector are not
consistent. According to estimates, there are and will be recorded surpluses and shortages
in certain important skills in the labor market in the energy sector. They are caused by
the lack of specialization in workers or the location of the available labor supply and
the required location of the labor demand. These situations often do not coincide [23].
Although the mobility of employees or the desire to retrain or acquire new skills is no
longer as significant a limitation as it was several years ago, due to wages, social, and
family conditions, it may regionally constitute a barrier to development.

The adjustment of the knowledge, skills, and competencies of employees in the context
of dynamic changes taking place in the labor market in a situation of uncertainty, e.g., the
current pandemic, poses a real challenge for the education system. The idea of lifelong
learning is also becoming more and more rooted in Poland’s and other countries’ realities.
This idea is related not only to the development and deepening of existing knowledge
and skills but also to the need to acquire and shape new competencies and even retrain
employees in accordance with market trends. In accordance with the Act of 22 December
2015 on the Integrated Qualifications System IQS (i.e., Journal of Laws 2020, item 226),
it is implemented in Poland, and its key tool is the Polish Qualifications Framework
(PQF), analogous to the European Qualifications Framework (EQF). Under PQF, first and
second-degree characteristics are in force, which are determinants of curricula that indicate
key qualifications obtained in general education, university education, and vocational
education and training. Additionally, in order to better allow for the specificity of a given
industry or sector, the Sectoral Qualification Framework (SQF) was introduced in Poland
as part of the characteristics of the second level PQF, and this is also the case in the energy
sector. Its essence comes down to allowing for industry-specific terminology and language,
which significantly improves communication with market entities. The great value of SQF
is that stakeholders from a given sector or industry participate in its creation (high level
of practice) [24]. Moreover, according to the authors, the analysis of competencies and
qualifications, as well as employment determinants in the energy sector, indicates several
key problems that are presented in Figure 3.

Summarizing the competency profile and factors determining employment in the
energy sector, the issues of gender equality and the remuneration system should also be
emphasized. Including the gender factor in personnel selection, employment, upgrading
qualifications, and employment restructuring would increase the level of women’s repre-
sentation in the energy sector [25]. With regard to remuneration for all employees, it would
be helpful to define a standard that should be subject to evaluation and result from the
current conditions of the company and employee development.
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5. The Use of SQFE

Sectoral Qualification Framework for Energy is a response to the needs reported by
the broadly understood participants of the energy market (from producers, through the
education system, to energy recipients). It concerns the identification and cataloging of
competencies and professional tasks in the areas of production (generation), conversion,
transmission, storage, and distribution of energy. These issues relate to energy obtained
using conventional methods and that from renewable sources

SQFE is used in four main areas and includes:

1. HR processes (job descriptions, recruitment process, selection, assessment and devel-
opment of competencies, relocation of employees within company structures);

2. education and training (diagnosis of competencies, better adjustment of curricula,
internships and courses to the expectations of the labor market, increased flexibility);

3. public orders (including competency requirements in administration);
4. balance of competencies.

According to SQFE, the competency profile of an employee in the energy sector in
Poland includes knowledge, skills, and competencies. They are used primarily in main
focus areas, i.e., design and planning, infrastructure building and maintenance, manufac-
turing, storage and delivery of energy, customer needs, energy carriers, and working media,
environment, and safety. Their importance is particularly emphasized in the areas of social
competencies such as communication, ethics, decision-making, responsibility for quality
and safety, and responsibility for the environment [24].

As pointed out by experts, professions that will emerge as new or those with increasing
popularity (hence the need to shape new competencies) will concern the employees in
the fields of green economy and green energy, the so-called ‘green jobs’. These include
the aforementioned renewable energy, nuclear energy, recycling and rational waste man-
agement, as well as the production of structurally new materials. Therefore, the need for
the creation of jobs and competencies in professions related to infrastructure investments
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and those in the construction sector, as well as urban planners, energy system strategists,
specialists in digital infrastructure, and geo-engineers [26], will also remain correlated.
Furthermore, it is estimated that the labor market (and even more so its individual sectors)
will see an increase in the importance of soft skills related to the creation of new services,
including creativity, communication skills, ability to work in a group, and self-awareness
of the impact of one’s actions on team performance as well as effective time management.
They are now gaining in importance, especially now that the organization of work after
the COVID-19 pandemic is different and will continue to evolve (increasing use of remote
work, data digitization, updating, and security).

The changes in the labor market caused by the COVID-19 pandemic were pointed
out by, e.g., Lu, Ma, and Ma [27], Adamowicz [28], Eichhorst, Marx, and Rinne [29],
and Ciołek [30]. When analyzing the aforementioned job offers in the energy sector on
www.pracuj.pl, several key competencies expected by employers from job candidates
can be noticed. These include technical secondary or university education, experience
in the industry, personal culture, communication skills, relationship building, teamwork,
including team management, design, planning, and good command of computer skills
and engineering programs. Additionally, hard and technical competencies are, of course,
expected, depending on the specifics of a given position. In conclusion, knowledge, skills,
and competencies have been included in the SQFE.

6. Conclusions

The energy sector in Poland can undoubtedly see visible changes related to the in-
evitable need to modernize its individual areas. The COVID-19 pandemic did not slow this
process down—quite the contrary. The public awareness of the need to undertake more
and more efforts for a healthy lifestyle and care for the natural environment has increased.
There is a development of areas related to pro-environmental activities, which is noticeable
in the domestic market, e.g., in recent years’ photovoltaic boom. Prosumption, the produc-
tion of electricity and its consumption by single-family households and farms, has gained
importance. The development of the energy sector is correlated with the growing demand
for employees with specific competencies. These include the so-called multi-competencies
that combine technical, business, soft and hard competencies, and also interdisciplinary
ones. Employees with expertise in investment, team management, and communication
are needed. Graduates of energy industry schools and technical secondary schools, as
well as specialists with higher education, including engineers, are highly sought-after.
In order to better adjust the education system to the real needs of the labor market in a
turbulent environment, the Sectoral Qualifications Framework in Energy was developed in
cooperation with stakeholders from the industry.
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22. Ustawa z Dnia 20 Maja 2016 r. o Inwestycjach w Zakresie Elektrowni Wiatrowych. Dz.U. 2016, poz. 961. Internetowy System

Aktów Prawnych. 2016. Available online: https://isap.sejm.gov.pl/isap.nsf/download.xsp/WDU20160000961/U/D20160961Lj.
pdf (accessed on 12 June 2022).

23. Martinez-Rodriguez, M.C.; Vera-Martinez, M.C. The clean energy economy: The labour market. Case study: Solae Energy. Rev.
Espac. 2020, 41, 336–350. [CrossRef]
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Abstract: The purpose of the following article is to present the situation of the energy market from
a household perspective between 2010 and 2020 in selected EU countries (the group of member
states which joined EU after 2004). The selected countries when joining the EU had similar economic
indicators and to some extent were similar in other macro-economic situations (personal income,
unemployment rate, GDP level and annual growth). This article analyzes the past and current
situation of the household ability expenditure on electricity and energy resources (petrol—eurosuper
95 and diesel and natural gas), taking into account price, tax conditions and the real possibility
to purchase the analyzed energy sources (based on annual net salaries). The paper includes the
conclusions and prospects for the future. The main objective of the study is to determine the ability
amount of expenditure on electricity, natural gas and liquid fuels by household in the countries that
joined the European Union after 2004. The specific objectives of the work include: the evolution
of retail prices of energy sources in those countries and prices of electricity, natural gas and liquid
fuels—petrol and diesel oil—in the research period from 2010 to 2020. The element that influences the
final price, as assessed in this paper, is the share of taxes and compulsory charges imposed by the EU
countries covered in this study. The result of the study presented inter alia that energy consumption
structure did not change significantly, electricity prices were steadily growing in the countries under
assessment, the use of liquid fuels—petrol and diesel oil—in the countries under study, grew over the
study period. Furthermore, prices of fuel fluctuated over the period from 2010 to 2020 and during the
COVID-19 pandemic, which broke out in March 2020, but did not cause any significant changes in
the prices of energy carriers in the analyzed period, apart from the declines in the prices of eurosuper
95 and diesel.

Keywords: household; expenditure; electricity; gas; oil; diesel; taxation; EU

1. Introduction

The European Community, established on 1 January 1958 and based on the Treaties of
Rome, has been joined by various European countries since its beginning. The first stage of
expansion took place in 1973 and included Denmark, Ireland and Great Britain. During
the second stage, in 1981, Greece joined the European Community, and during the third
stage, in 1986, Spain and Portugal joined. As soon as the existing Member States signed
the Treaty on European Union, more countries joined. Austria, Finland and Sweden joined
in 1995. In the history of the EU, there have been six stages of expansion, the largest of
which took place on 1 May 2004, when ten countries joined the EU: Cyprus, the Czech
Republic, Estonia, Lithuania, Latvia, Malta, Poland, Slovakia, Slovenia and Hungary. In
2007, the number of EU members increased to 27—Romania and Bulgaria also joined the
Community, and in 2013, Croatia joined [1]. The countries that joined the European Union
after 2004 are characterized by a lower level of consumption than the other members of
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the Community [2–5]. As in the other countries, the households incur expenditure for
electricity and energy resources. In the literature on the subject, there is no assessment of
the ability amount of expenditure on electricity and energy resources in thirteen counties
of the European Union. This paper fills that research gap.

The research of many papers focuses on renewable energy sources which, due to
climate policy, have become a priority in the last decade [6–11]. Many authors have also
mentioned energy security because some countries do not produce liquid fuels and have to
export them [10,12]. Scientists and consumers are worried about the dynamically changing
prices of electricity [13–16] and liquid fuels [17–20]. The above is particularly important
for the new members of the European Union as the households have much lower incomes
than those in the states that joined the European Union before 2004 [21–24].

The main objective of the study is to determine the ability amount of expenditure on
electricity, natural gas and liquid fuels by the households in the countries that joined the
European Union after 2004. A novelty of this paper is undertaking the topic concerning
the actual possibilities of purchasing the analyzed energy goods by citizens of countries
that joined the EU after 2004. There are no similar studies in the literature and worldwide
research, hence the authors believe that this study will fill a significant research gap.

The specific objectives of the work include: the evolution of retail prices of energy
sources in those countries: prices of electricity, natural gas and liquid fuels—petrol and
diesel oil—in the research period from 2010 to 2020. The element that influences the final
price, assessed in this paper, is the share of taxes and compulsory charges imposed by the
EU countries covered in this study. The process of the so-called harmonization of indirect
taxes (value-added tax and excise duty) imposed on, inter alia, energy sources and carriers
(mineral oil, gas, electricity, energy from alternative sources and aviation fuel) has been
ongoing in the EU for years [25–31]. The basic structure of excise duty on mineral oil in the
Community was established in 1992 [32,33]. As in the case of alcohol and tobacco products
and contrary to the original plans for total harmonization, only minimum rates have been
set. Thus, taxation in individual countries varies as it depends on the VAT rates adopted in
a given country and on the level of excise duty which, however, should not be lower than
the minimum rate agreed to by all members of the European Union [34].

The quantitative consumption of energy in households is reflected in the expenditure
on individual energy carriers. In the study of household budgets under the assessed ability
expenditure category, spending money on electricity, natural gas and liquid fuels was taken
into account. An additional element of the analysis was to consider the level of inflation as
well as wages and salaries in the countries covered in the study, which made it possible
to determine the level and direction of price formation and the real ability to purchase
individual energy carriers by the inhabitants of the countries under assessment.

2. Materials and Methods

The study covered the thirteen countries that joined the European Union after 2004.
The period of the analysis described the years from 2010 to 2020. The source of the collected
information was a review of the literature on the subject and Eurostat data. Descriptive,
tabular and graphical methods, constant dynamic indicators and coefficient of variation
were used for the analysis and presentation of the results. In the first stage of the study,
the share of final energy consumption in the housing sector by EU Member State and by
the source of consumption between 2010 and 2020 was analyzed. In the second stage,
electricity prices (kWh) for households, including taxes and charges in the period from
2010 to 2020 were presented, in euros, as well as the prices without taxes and extra fees.
This way, the net electricity prices and the percentage share of the fees and taxes were
determined. Natural gas is one of the most important energy sources used in households.
As in the case of energy, in the third stage of the study, the net prices of gas were analyzed,
as well as the prices including the taxes and charges.

In the European Union, electric cars are most frequently registered in Germany, Great
Britain and France [35]. A much smaller number of electric cars was registered in the
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thirteen countries under study. The differences in electromobility in individual EU countries
result from the underdeveloped charging structure and lower household income in the
thirteen countries under assessment [36–42]. However, and above all, higher prices of
electric cars compared to those of internal combustion engine cars, plus lower subsidies
for their purchase than in Western European countries, are the reasons for the low rate of
growth in the number of electric cars in the states under assessment [43,44]. The above
means the use of combustion engine cars to a greater extent in the analyzed countries, and,
consequently, increased use of liquid fuels in the last decade of the 21st century. In the
fourth stage of the study, the prices of these liquid fuels were analyzed: eurosuper 95 petrol
and diesel oil (two most common ones used by individuals in the researched European
Union member states). The strong fluctuations in world oil prices during the period under
review may have had a negative impact on the economies of the importers of oil. The
above contributed to an increase in production costs, and, consequently, to the increase in
inflation. The level of consumption in the assessed countries is influenced by the level of
wages and salaries which, in the case of the thirteen countries, did not exceed the average
remuneration in the European Union. The authors of the paper have analyzed the ability to
purchase individual energy carriers, taking into account annual wages and salaries in those
countries. Descriptive, tabular and graphical techniques were used to present the data.

3. Results

According to Eurostat (2010–2020), energy from different sources (electricity, natural
gas, heat pumps, fuel oils, coal and derivatives and from renewable sources) is used by EU
residents mainly for space heating (63.6% of the EU average, see Table 1). Lighting and
household appliances account for 14.1% of final energy consumption in households, while
the share of energy used to heat water (for sanitary purposes) is slightly higher—14.8%.
Cooking appliances use 6.1% of the energy consumed by the households, while space
cooling equipment and other appliances consume 0.4% and 0.97%, respectively. Individual
values vary; for example, those related to space cooling are much higher in southern
European and Mediterranean countries (especially Malta with 11.83% share in final energy
consumption). Consequently, space and water heating accounts for 78.4% of the final
energy consumed by the households.

3.1. Electricity

Electricity is one of the most important energy sources used by households in the
European Union [45]. Eurostat (2010–2020) estimates that electricity accounted for an
average of 24.7% share in energy sources across all EU countries. The greatest percentage
share was recorded in Malta—71.17%, and the smallest in Latvia—12.18%. The average
share of electricity in the total energy consumption between 2010 and 2020 by households
among the countries under study, that is, those that joined the EU after 2004, is presented
in Figure 1.
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Figure 1. Share of electricity in total energy consumption by households (average between 2010 and
2020). Source: Own elaboration based on: [46].
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Table 1. Share of final energy consumption in the residential sector by the EU Member State and by
the source of consumption (average between 2010 and 2020).

Country Space Heating Space Cooling Water Heating Cooking
Share Lightning Other

European Union—27
countries (from 2020) 63.64% 0.40% 14.80% 6.10% 14.10% 0.97%

Euro area—19
countries (from 2015) 64.32% 0.34% 14.07% 6.10% 14.51% 0.65%

Bulgaria 53.52% 0.43% 17.50% 7.98% 20.57% 0.70%

The Czech Republic 68.45% 0.07% 16.69% 6.31% 6.94% 1.54%

Estonia 72.47% 0.40% 11.83% 4.77% 10.93% 1.00%

Croatia 68.38% 1.67% 10.34% 6.81% 12.80% 1.00%

Cyprus 36.11% 10.83% 22.83% 7.47% 21.00% 1.76%

Latvia 65.76% 0.40% 18.32% 7.12% 8.19% 0.61%

Lithuania 70.36% 0.50% 8.87% 6.52% 14.25% 0.90%

Hungary 72.71% 0.15% 12.56% 4.72% 9.86% 0.70%

Malta 17.18% 11.83% 26.66% 15.06% 27.57% 1.70%

Poland 65.37% 0.40% 16.39% 8.28% 9.97% 0.90%

Romania 63.26% 0.32% 13.42% 9.55% 13.45% 0.50%

Slovenia 66.00% 0.49% 15.42% 3.80% 14.29% 0.30%

Slovakia 68.99% 0.14% 13.81% 5.28% 11.76% 0.02%

Source: Own elaboration based on: [46].

Depending on the country and, above all, the region, as well as the availability of
collective energy sources (heat and power plants, municipal boiler houses or boiler rooms
located in a specific housing estate or in a common space of a specific housing community),
electricity is used for various purposes (heating or cooling households, power supply for
the kitchen, lighting, other household appliances and audio/video devices) [47–49].

An important factor related to a household budget and ability expenditure on energy
carriers is the purchase cost. Table 2 presents a summary of the costs of purchasing electricity
by households in the period from 2010 to 2020 (two-year data presentation interval), taking
into account taxes (VAT and excise duty) and other fees (including pro-environmental
fees and charges introduced by individual EU countries) [50]. Based on the summary,
the average purchase price of a kilowatt-hour in all EU countries has increased by EUR
0.05 over 10 years. In the assessed countries, the greatest increase was recorded in Latvia—
EUR 0.08. In addition, a stable situation was noticed in Poland, Lithuania and Bulgaria
(slight fluctuations in price), whereas the largest decrease in price was in Hungary (in the
period from 2010 to 2020, the prices for a kilowatt-hour fell by EUR 0.07). In 2020, the lowest
gross purchase price of electricity was recorded in Bulgaria and Hungary (EUR 0.10 per
kWh), whereas the highest price was noticed in the Czech Republic (EUR 0.24 per kWh).

Apart from the costs of producing and transmitting electricity (the margins of the
producer, seller and possible intermediary), the cost of purchasing electricity is affected
by taxes and compulsory levies imposed by individual states [13]. It should be noted that
energy carriers are subject to obligatory VAT and excise duty in the EU, and the tax rates
(VAT and excise duty) in individual countries vary [52,53].

When analyzing the purchase prices of electricity excluding obligatory fiscal levies,
it can be noticed that the average price of kWh in all EU countries was EUR 0.15 in 2020,
compared to EUR 0.24 of the price, including taxes (see Table 3). At this point, it should
be noted that in the EU countries, the share of taxes and fees in one kWh of the gross final
price is 35.6%, on average. Having analyzed the net prices in the countries under study, in
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2020, the lowest price was recorded in Hungary—EUR 0.0801, whereas the highest price
was recorded in the Czech Republic—EUR 0.18. When analyzing the prices of electricity,
we have not noted a significant change caused by the COVID-19 pandemic. Therefore, it
did not have an impact on the final price of the electricity.

Table 2. Electricity prices (kWh) for households, including taxes and levies in the period from 2010 to
2020—prices in euros.

European
Union—27
Countries

(from 2020)

Bulgaria
The

Czech
Republic

Estonia Croatia Cyprus Latvia Lithuania Hungary Malta Poland Romania Slovenia Slovakia

2010 0.19 0.08 0.21 0.10 0.11 0.20 0.10 0.12 0.17 0.19 0.15 0.11 0.17 0.18

2012 0.21 0.10 0.22 0.11 0.15 0.29 0.12 0.13 0.17 0.19 0.16 0.11 0.18 0.20

2014 0.23 0.09 0.18 0.14 0.14 0.23 0.12 0.13 0.12 0.14 0.15 0.13 0.19 0.17

2016 0.23 0.09 0.19 0.13 0.14 0.16 0.17 0.12 0.12 0.15 0.14 0.13 0.20 0.18

2018 0.24 0.10 0.21 0.15 0.14 0.23 0.16 0.11 0.11 0.15 0.15 0.13 0.20 0.17

2020 0.24 0.10 0.24 0.14 0.14 0.18 0.18 0.13 0.10 0.15 0.16 0.15 0.21 0.19

Source: Own elaboration based on: [51].

Table 3. Electricity prices (kWh) for households, excluding taxes and levies in the period from 2010
to 2020—prices in euros.

European
Union—27
Countries

(from 2020)

Bulgaria
The

Czech
Republic

Estonia Croatia Cyprus Latvia Lithuania Hungary Malta Poland Romania Slovenia Slovakia

2010 0.14 0.07 0.17 0.07 0.09 0.17 0.10 0.10 0.13 0.18 0.12 0.09 0.12 0.16

2012 0.15 0.08 0.18 0.08 0.12 0.24 0.08 0.11 0.13 0.19 0.12 0.08 0.13 0.16

2014 0.15 0.08 0.15 0.10 0.11 0.19 0.07 0.09 0.09 0.14 0.12 0.09 0.13 0.14

2016 0.15 0.08 0.16 0.10 0.11 0.13 0.11 0.08 0.09 0.14 0.11 0.09 0.13 0.15

2018 0.16 0.08 0.17 0.11 0.11 0.19 0.11 0.08 0.09 0.14 0.10 0.10 0.13 0.10

2020 0.16 0.09 0.18 0.11 0.11 0.13 0.12 0.10 0.08 0.14 0.10 0.11 0.14 0.13

Source: Own elaboration based on: [51].

It should be noted that the greatest difference between the net purchase price of
electricity and the gross price, and thus the share of taxes in the total price, was recorded
in Slovenia and Poland (35%) in 2020, and the smallest difference was in Malta (5.7%)
as presented in Table 4. Moreover, it should be noted that the taxation on electricity has
increased over the past decade in all countries. The highest change was noted in Latvia,
from 4.7% in 2010 to 31.7% in 2020. The average for the entire EU was 35.59% in 2020. The
average share of tax in the gross price of electricity between 2010 and 2020 is presented in
Figure 2.

Table 4. Share of taxes in electricity purchase prices for 1 kWh in 2020.

European
Union—27
Countries

(from 2020)

Bulgaria
The

Czech
Republic

Estonia Croatia Cyprus Latvia Lithuania Hungary Malta Poland Romania Slovenia Slovakia

2010 27.8% 13.5% 18.6% 27.5% 17.2% 16.1% 4.7% 14.7% 22.5% 3.6% 22.1% 23.2% 28.6% 14.1%

2012 28.9% 20.7% 18.4% 26.3% 20.6% 17.2% 30.9% 17.9% 24.4% 2.7% 23.0% 29.8% 25.3% 20.2%

2014 34.1% 16.6% 16.6% 28.1% 21.6% 17.2% 39.2% 30.8% 21.8% 1.7% 22.6% 27.5% 31.8% 17.6%

2016 35.6% 12.1% 18.6% 24.2% 21.4% 20.2% 34.9% 30.6% 23.3% 7.5% 20.1% 29.9% 36.4% 19.0%

2018 33.8% 16.4% 17.5% 28.0% 20.1% 19.6% 32.4% 28.6% 18.3% 6.7% 35.6% 25.0% 34.8% 39.2%

2020 35.6% 15.0% 26.6% 24.1% 21.4% 28.1% 31.7% 23.9% 19.9% 5.7% 35.1% 30.3% 35.5% 31.9%

Source: Own elaboration based on: [51].
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Figure 2. Average share of taxes in gross price of electricity in selected EU countries between 2010
and 2020 (average between 2010 and 2020). Source: Own elaboration based on: [51].

According to the data presented in Figure 2, Malta had the lowest share of taxes in
gross price of electricity throughout the period from 2010 to 2020, whereas the highest level
was noticed in Slovenia—32.06%. However, all analyzed countries had lower levels of
taxation than the average from all EU countries, which basically means that the level of
imposed taxes is lower in the countries than joined EU after 2004 than in those which have
been EU members for a longer period of time.

3.2. Natural Gas

Natural gas is one of the basic energy sources for households [54,55]. In all EU
countries, it accounted for 32.1% share of all energy sources, on average. Therefore, it
should be noted that natural gas is a more popular source of energy than electricity in the
area under study, on average, since electricity accounts for 24.7% of the EU average. As
in the case of electricity, the share of an energy carrier in the overall energy mix depends
primarily on the geographical location. Moreover, not every country has the same level
of reserves of natural gas or is able to import it (access to gas pipelines or infrastructure
necessary to handle liquefied gas, e.g., in seaports). Two island countries, Cyprus and
Malta, did not record gas consumption by households at all (thus they are not included in
the assessment in this part of the article) [56]. Among the countries under study, the greatest
share of consumption of natural gas was recorded in Slovakia—51.4%, whereas the lowest
share, among the countries using that type of fuel, was noticed in Bulgaria—2.58%. The
share of natural gas in the total energy consumption by households among the countries
under study, that is, those that joined the EU after 2004, is presented in Figure 3.
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Figure 3. Share of natural gas in the total energy consumption of households in the selected EU
countries (average between 2010 and 2020). Source: Own elaboration based on: [46].

During the period under review, there was a clear difference in gas prices between
the countries. In 2010, the lowest prices of gas were recorded in Romania (approximately
EUR 0.028 gross for the equivalent of 1 kWh), whereas the highest prices were recorded
in Slovakia (EUR 0.097 gross for the equivalent of 1 kWh). During the same period of
time, the EU average was EUR 0.095. In the analyzed period, that is, the period from
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2020 to 2010, in the EU, there was an overall increase in price—from EUR 0.095 to EUR
0.105 (an increase of 10.48%). The prices fluctuated in the states under assessment. In
six countries, the prices dropped: Estonia −6.62%, Bulgaria −11.38%, Slovenia −21.09%,
Poland −21.58%, Lithuania −39.48% and Hungary −49.01%. In five countries, the prices
of natural gas increased: Romania +16.42%, Croatia +25%, Slovakia +26.52%, the Czech
Republic +33.87% and Latvia +47.36%.

Similar to electricity, the tables with differences between the net and gross price are
presented (Tables 5 and 6). As presented in all countries, the taxes on natural gas influence
the final price for individual consumers. Unlike with electricity, the share of taxes in natural
gas is lower.

Table 5. Prices of natural gas (per kWh) for households (consuming between 20 and 200 GJ per year)
including taxes and levies for the period from 2010 to 2020—prices in euros.

TIME

European
Union—27
Countries

(from 2020)

Bulgaria The Czech
Republic Estonia Croatia Latvia Lithuania Hungary Poland Romania Slovenia Slovakia

2010 0.10 0.04 0.08 0.05 0.04 0.07 0.07 0.06 0.06 0.03 0.07 0.10

2012 0.11 0.06 0.10 0.06 0.05 0.08 0.09 0.06 0.07 0.03 0.10 0.10

2014 0.11 0.05 0.09 0.06 0.05 0.07 0.08 0.04 0.07 0.03 0.07 0.10

2016 0.11 0.03 0.09 0.04 0.05 0.07 0.07 0.04 0.05 0.03 0.07 0.10

2018 0.12 0.05 0.11 0.05 0.05 0.07 0.07 0.04 0.05 0.04 0.06 0.11

2020 0.11 0.04 0.11 0.05 0.05 0.10 0.04 0.03 0.05 0.03 0.06 0.12

Source: Own elaboration based on: [51].

Table 6. Prices of natural gas (per kWh) for households (consuming between 20 and 200 GJ per year),
excluding taxes and levies for the period from 2010 to 2020—prices in euros.

TIME

European
Union—27
Countries

(from 2020)

Bulgaria The Czech
Republic Estonia Croatia Latvia Lithuania Hungary Poland Romania Slovenia Slovakia

2010 0.07 0.04 0.07 0.04 0.03 0.06 0.06 0.05 0.05 0.02 0.06 0.08

2012 0.09 0.05 0.08 0.05 0.04 0.07 0.07 0.04 0.06 0.02 0.08 0.08

2014 0.09 0.04 0.07 0.04 0.04 0.06 0.06 0.03 0.05 0.02 0.05 0.09

2016 0.08 0.03 0.08 0.03 0.04 0.05 0.06 0.03 0.04 0.02 0.05 0.08

2018 0.09 0.04 0.09 0.04 0.04 0.06 0.05 0.03 0.04 0.03 0.04 0.09

2020 0.08 0.03 0.09 0.04 0.04 0.08 0.03 0.02 0.04 0.03 0.04 0.10

Source: Own elaboration based on: [51].

The share of taxes varied widely across the countries, as presented in Table 7. We
can observe that the lowest share of taxes in 2010 was noted in Latvia—9.2%, whereas the
highest in Romania 47.86%. In 2020, the share of taxes in the gross price of natural gas
was the lowest in Romania and the highest in Slovenia. It is worth noting that in case of
Romania, the share of taxation has significantly decreased by 68%.

The average share of taxes in analyzed countries between 2010 and 2020 is presented in
Figure 4. During that period, the highest level was noticed in Romania (37.81% on average)
and the lowest in Slovakia (16.53%).

Based on Figure 4, we can come to the conclusion than in most analyzed countries, i.e.,
nine, the average share of taxes in the gross price of natural gas for households was lower
than the total average for all EU member states. Only two countries (Slovenia and Romania)
had a higher level of taxation than the EU average; however, as mentioned before, Romania
had significantly decreased the value between 2010 and 2020.

3.3. Liquid Fuels (Petrol and Diesel Oil)

Liquid fuels such as petrol and diesel are among the significant expenses incurred by
households. It should be noted that in the majority of the EU countries, the price of fuel
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depends mainly on the price of the basic raw material, which is crude oil, and taxes which,
in most cases, account for over 50% of the final gross price. It should also be noted that
as long as the number of electric cars does not increase, the price of petrol and diesel oil
(in some countries, also alternative fuels such as LPG and more and more popular CNG)
will be the main element of the transport expenditure catalogue (see Table 8.). Although
the number of electric vehicles continues to grow, the global share of the sale of electric
vehicles versus the total sale of new vehicles was only 4.61% in 2020 [57,58]. When it comes
to analyzed countries, the number of newly registered electric vehicles did not achieve a
significant number. The volume of the newly registered cars in selected countries (not all
data is available) is presented in Figure 5.

Table 7. Share of taxes in natural gas for households (consuming between 20 and 200 GJ per year) for
the period from 2010 to 2020.

TIME

European
Union—27
Countries

(from 2020)

Bulgaria The Czech
Republic Estonia Croatia Latvia Lithuania Hungary Poland Romania Slovenia Slovakia

2010 23.10% 16.59% 16.62% 21.21% 18.95% 9.20% 17.27% 20.03% 18.06% 47.86% 22.70% 15.96%

2012 22.76% 16.61% 16.61% 20.35% 20.09% 19.50% 17.40% 22.87% 18.72% 46.91% 21.38% 16.67%

2014 23.28% 16.63% 17.31% 20.44% 19.93% 19.62% 17.35% 21.22% 18.70% 51.71% 25.94% 16.59%

2016 24.74% 16.67% 17.29% 24.93% 19.87% 20.21% 17.35% 21.33% 18.79% 48.32% 27.74% 16.73%

2018 24.37% 16.63% 17.38% 26.32% 20.04% 19.72% 20.66% 21.33% 18.98% 16.10% 28.97% 16.64%

2020 23.69% 16.84% 17.50% 24.58% 20.00% 19.14% 23.02% 21.10% 19.62% 15.95% 29.45% 16.63%

Source: Own elaboration based on: [51].
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Source: [59]. 
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Figure 4. Average share of taxes in gross price of natural gas for households (consuming between
20 and 200 GJ per year) in selected EU countries (average between 2010 and 2020). Source: Own
elaboration based on: [51].

Table 8. Number of the sale of electric vehicles in the sale of new vehicles worldwide in the period
from 2010 to 2020.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

The Czech Republic NA NA NA 237 417 713 974 1525 2482 8180 7103

Estonia NA NA 600 708 1067 1116 1156 1191 1254 1382 2147

Croatia NA NA NA NA NA 163 233 285 461 725 987

Latvia NA NA 10 15 188 211 241 312 442 658 1247

Lithuania NA NA NA NA 70 169 358 619 965 1395 1696

Hungary NA NA 90 110 175 342 758 1996 3839 6595 6101

Romania NA NA 1000 2042 2737 3863 6348 9947 1103 2798 2007

Slovenia NA NA NA NA 133 288 457 779 1308 1998 1926

Source: [59].
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Table 9 presents the share of taxation in eurosuper 95. As we can see, the level of 
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caused by the fact that petrol, including diesel, is generally imposed with the highest 
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Figure 5. Average annual gross purchase price of 1 L of eurosuper 95 petrol in selected EU countries,
in the period from 2010 to 2020 (prices in euros). Source: Own elaboration based on: [60].

Hence, taking into account the fact that petrol and diesel oil will remain the main
source of power supply for passenger vehicles in the coming years, it is necessary to analyze
the price formation in the selected EU countries.

When analyzing the changes in price over the decade, it should be noted that, in
2010, the lowest price of petrol was recorded in Bulgaria—EUR 1.01 per liter, whereas the
commodity was the most expensive in the Czech Republic—EUR 1.25 per liter (see Figure 6).
It should be noted that the price of petrol has fluctuated over the 10-year period. There was
a general rise in price until 2012; then, the prices fell before rising again. A clear reduction
in the price of petrol can be noticed by comparing the years 2019 and 2020. During that
period, due to the outbreak of the COVID-19 pandemic, most EU countries introduced
numerous sanitary restrictions, which consequently led to a reduction in economic activity
and to a significant reduction in demand for liquid fuels (in 2020, record low oil prices were
also seen in world markets).

Energies 2022, 15, x FOR PEER REVIEW 9 of 22 
 

 
Energies 2022, 15, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/energies 

 
Figure 5. Average annual gross purchase price of 1 L of eurosuper 95 petrol in selected EU countries, 
in the period from 2010 to 2020 (prices in euros). Source: Own elaboration based on: [60]. 

Hence, taking into account the fact that petrol and diesel oil will remain the main 
source of power supply for passenger vehicles in the coming years, it is necessary to 
analyze the price formation in the selected EU countries. 

When analyzing the changes in price over the decade, it should be noted that, in 2010, 
the lowest price of petrol was recorded in Bulgaria—EUR 1.01 per liter, whereas the 
commodity was the most expensive in the Czech Republic—EUR 1.25 per liter (see Figure 
6). It should be noted that the price of petrol has fluctuated over the 10-year period. There 
was a general rise in price until 2012; then, the prices fell before rising again. A clear 
reduction in the price of petrol can be noticed by comparing the years 2019 and 2020. 
During that period, due to the outbreak of the COVID-19 pandemic, most EU countries 
introduced numerous sanitary restrictions, which consequently led to a reduction in 
economic activity and to a significant reduction in demand for liquid fuels (in 2020, record 
low oil prices were also seen in world markets). 

 
Figure 6. Average annual net purchase price of 1 L of eurosuper 95 petrol in selected EU countries, 
in the period from 2010 to 2020 (prices in euros). Source: Own elaboration based on: [60]. 

Table 9 presents the share of taxation in eurosuper 95. As we can see, the level of 
taxation in petrol is generally much higher than in electricity and natural gas. It is mainly 
caused by the fact that petrol, including diesel, is generally imposed with the highest 
possible VAT rate, as well as the fact that higher excise tax may be included. The detailed 
data is presented below. 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

Bulgaria Cyprus The Czech
Republic

Estonia Croatia Hungary Lithuania Latvia Malta Poland Romania Slovenia Slovakia

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Bulgaria Croatia Cyprus The
Czech

Republic

Estonia Hungary Latvia Lithuania Malta Poland Romania Slovakia Slovenia

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 6. Average annual net purchase price of 1 L of eurosuper 95 petrol in selected EU countries, in
the period from 2010 to 2020 (prices in euros). Source: Own elaboration based on: [60].

Table 9 presents the share of taxation in eurosuper 95. As we can see, the level of
taxation in petrol is generally much higher than in electricity and natural gas. It is mainly
caused by the fact that petrol, including diesel, is generally imposed with the highest
possible VAT rate, as well as the fact that higher excise tax may be included. The detailed
data is presented below.
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Table 9. Share of taxes in eurosuper 95 price in selected EU countries between 2010 and 2020.

Bulgaria Croatia Cyprus The Czech
Republic Estonia Hungary Latvia Lithuania Malta Poland Romania Slovakia Slovenia

2010 48.34% No data 44.99% 55.56% 52.62% 54.58% 50.33% 52.58% 50.19% 53.11% 49.72% 56.59% 55.17%

2012 44.51% No data 44.70% 52.19% 47.60% 50.55% 48.65% 48.43% 47.19% 48.90% 46.54% 54.36% 53.61%

2014 44.83% 54.58% 49.03% 52.90% 49.11% 51.15% 50.24% 49.71% 49.45% 50.21% 49.86% 55.80% 56.23%

2016 53.54% 61.69% 57.52% 60.88% 53.50% 56.80% 57.54% 56.70% 57.55% 55.68% 55.02% 62.74% 64.37%

2018 50.09% 58.57% 53.48% 57.25% 59.69% 53.28% 55.95% 53.20% 55.51% 52.60% 52.35% 57.73% 60.44%

2020 55.66% 61.14% 57.16% 62.63% 61.44% 54.53% 62.48% 60.09% 55.07% 55.31% 54.85% 62.69% 64.66%

Source: Own elaboration based on: [60].

When analyzing the share of taxes in the final price of petrol, we can see that, generally,
it increases year by year (see Table 9 and Figure 7). In 2010, the lowest number was in
Cyprus, with a 44.99% tax share, whereas the highest was in Slovakia—56.59%. When it
comes to 2020, the lowest tax share in the gross price was in Hungary—54.53%, and the
highest in Slovenia—64.66%. The share of taxes in the final price is much higher than that
of the price of electricity or natural gas.
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Figure 7. Average share of taxes in gross price of eurosuper 95 in selected EU countries between 2010
and 2020. Source: Own elaboration based on: [60].

When it comes the period from 2010 to 2020, the following changes in the prices of
petrol over the 10 years can be noticed (see Figure 8). As we can see, four countries recorded
an increase in petrol prices, whereas nine recorded a decrease. It was caused mainly by
the COVID-19 pandemic, as the demand for petrol decreased dramatically in the first two
quarters of 2020.
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Figure 8. Average change in gross prices of eurosuper 95 in selected EU countries between 2010 and
2020. Source: Own elaboration based on: [60].

The other popular fuel in EU is diesel. Diesel prices are generally comparable to
eurosuper 95. The possible difference in price between countries may be caused by the
individual demand and supply (some EU countries are becoming stricter when it comes to
diesel fuel and do not allow some vehicles to operate in city centers) as well as the various
approaches towards taxation (Figure 9).
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Figure 9. Average annual gross purchase price of 1 L of diesel oil in selected EU countries, in the 
period from 2010 to 2020. (Prices in euros). Source: Own elaboration based on: [60]. 
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Figure 9. Average annual gross purchase price of 1 L of diesel oil in selected EU countries, in the
period from 2010 to 2020. (Prices in euros). Source: Own elaboration based on: [60].

Considering diesel prices, as in the case of petrol, a change in price over the years can
be observed, in similar periods. In 2010, the cheapest diesel oil was recorded in Bulgaria—
EUR 0.98 per liter, and the most expensive in the Czech Republic—EUR 1.23 per liter.
However, in 2020, the lowest price was in Bulgaria— EUR 0.92 per liter, whereas the highest
was in Malta—EUR 1.24 per liter.

When analyzing the share of taxes in both petrol and diesel, we can note that the share
is much higher than that of electricity or natural gas (Figure 10 and Table 10). In terms
of diesel, the highest share of taxes in 2010 was in Czech Republic—50.42%, whereas the
lowest was in Cyprus— 41.52%. In 2020, the highest taxation was in Slovenia—62.35%,
whereas the lowest was in Poland—50.68%.
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Figure 10. Average annual net purchase price of 1 L of diesel oil in selected EU countries, in the
period from 2010 to 2020 (prices in euros). Source: Own elaboration based on: [60].

Table 10. Share of taxes in diesel price.

Bulgaria Croatia Cyprus The Czech
Republic Estonia Hungary Latvia Lithuania Malta Poland Romania Slovakia Slovenia

2010 44.84% No data 41.52% 50.42% 49.44% 49.07% 45.89% 42.89% 46.51% 46.10% 45.39% 48.10% 50.35%

2012 41.37% No data 41.96% 47.09% 45.18% 47.86% 43.39% 41.11% 43.64% 45.08% 43.08% 45.36% 47.46%

2014 44.57% 51.36% 51.00% 50.43% 50.02% 50.56% 48.17% 46.15% 48.45% 49.62% 52.14% 50.53% 55.62%

2016 51.41% 55.63% 55.36% 55.79% 50.70% 53.92% 52.48% 50.33% 55.45% 52.47% 52.15% 54.24% 61.66%

2018 46.04% 51.03% 49.83% 51.70% 54.42% 49.38% 49.34% 47.18% 53.50% 47.91% 48.55% 49.05% 55.00%

2020 52.43% 54.12% 53.82% 56.33% 53.64% 52.08% 58.10% 54.54% 53.04% 50.68% 51.02% 53.82% 62.35%

Source: Own elaboration based on: [60].
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Over the period from 2010 to 2020, the average share of taxation in the gross price of
diesel was the highest in Slovenia, exceeding 55%, whereas the lowest was in Bulgaria—
almost 47%. It had impact on the final price of diesel petrol in Bulgaria, as it remained the
cheapest in that country; however, Slovenia, despite having the highest taxation, was not
noted as the highest price, on average (see Figure 11).
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Figure 11. Average share of taxes in gross price of diesel in selected EU countries between 2010 and
2020. Source: Own elaboration based on: [60].

The below shows the following price changes, taking place from 2010 to 2020, as the
years of comparison. As noted in the most analyzed countries, the average price between
2010 and 2020 decreased. The most significant decrease was noted in the Czech Republic.
Only two countries noted the price increase, i.e., Cyprus and Malta. This is caused mainly
by the lockdowns introduced to almost all European countries and the lowering demand
for both petrol and diesel in 2020 (see Figure 12).
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Figure 12. Average change in gross prices of diesel in selected EU countries between 2010 and 2020.
Source: Own elaboration based on: [60].

3.4. Salaries and Wages

An important factor that influences the level of consumption is the level of wages and
salaries of the residents. In the countries that joined the EU after 2004, the level of wages
and salaries was significantly lower than those of the states that joined the European Union
earlier (see Figure 13) [61–63]. Moreover, none of the analyzed countries reached the EU
average; therefore, all of those countries are lower than the EU’s average level of wages and
salaries. It should be noted that the highest wages and salaries, among the countries under
assessment, were recorded in Malta (slightly over EUR 50,000 per year), whereas the lowest
were in Bulgaria (EUR 18,000 per year, on average). The average annual remuneration for
all EU countries was EUR 70,000, in 2020. In all the countries, average wages and salaries
increased over the period from 2010 to 2020.
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Figure 13. Annual average earnings for a single-person household in selected EU countries, in the
period from 2010 to 2020, including taxes and social security contributions (in euros). Source: [64].

Considering the issues that are the subject of this study, it is important to determine
the potential level and ability to purchase energy and its carriers by households. For that
purpose, to conduct the analysis, the level of net wages and salaries should be taken into
account. It should be noted that the difference between the gross and net amount results,
to a large extent, from so-called labor costs.

Labor costs are the expenses incurred by an economic unit related to recruiting an
employee. In the literature on the subject, the costs are often referred to as employer’s costs
or employment costs, and are often considered to be one of the factors that make up the
price of an offered product or service (see Figure 14). Thus, labor costs are defined as the
value of labor used to provide services or to manufacture certain goods.
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Figure 14. Annual average earnings of a single-person household in selected EU countries, in the
period from 2010 to 2020, excluding taxes and social security contributions (in euros). Source: [64].

Taking into consideration the so-called labor components, they can be divided into
wage components, that is, the expenses directly related to the remuneration of an em-
ployee, and non-wage components. For the purpose of international comparisons, Eurostat
narrows down labor costs by including wage and salary costs into wage components,
and employers’ social security contributions are considered to be non-wage components
(Eurostat, 2010–2020) presented in Figure 15.

Across the EU, the share of taxes and compulsory contributions in gross remuneration
was nearly 27%, on average. The lowest ratio was recorded in Cyprus—8.05% and the
greatest in Romania—over 32%.

3.5. Inflation

The last factor under assessment that influences the level of consumption is the overall
changes in price, as measured by inflation. That indicator varied widely across the analyzed
countries during the period under review. In some of the countries (Bulgaria, Estonia,
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Croatia, Cyprus, Latvia, Lithuania, Poland, Romania, Slovenia and Slovakia), medium-term
(up to 3 years) deflation was also recorded (see Figure 16).
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Figure 15. Average tax and insurance share in gross remuneration in selected EU countries between
2010 and 2020. Source: [64].
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Figure 16. Annual average HICP inflation in selected EU countries, in the period from 2010 to 2020
(data in %). Source: [65].

The strong fluctuations in crude oil prices in the world markets, recorded in the second
decade of the 21st century, may have serious negative consequences for the functioning
of the economies of the countries that import significant amounts of that commodity. The
impact of oil and fuel prices on inflation takes place through several channels. First, the
prices of refinery products, as a group of goods in the consumption basket, are directly
taken into account in the construction of the consumer price index. Second, crude oil
and its derivatives are used in production processes in many industries and in transport.
Therefore, an increase in their price contributes to an increase in production costs, which
tends to increase inflation.

While analyzing the levels of inflation in individual countries, it is important to bear in
mind that it is an imperfect measure, as it has to be compared with real purchasing power.
Thus, in the next part of the study, that is, in Conclusions, indicators will be presented that
describe the real purchasing power of residents of individual countries. We can observe
that in the last 3–4 years of the analyzed period, the inflation rate has gradually grown.

When analyzing prices in nominal terms, it should not be forgotten that, given the
changes in wages and salaries as well as inflation, such a study would, in principle, be
flawed. It should be noted that the prices of individual goods and services may change;
however, when earnings change, the increase or decrease in nominal terms may not be
that significant.
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3.6. Household Expenditure

For the comprehensive analysis of the prices of energy carriers (electricity, gas and
liquid fuels) and earnings and inflation, the authors of the study presented a summary
of the ability to purchase individual energy carriers for an average annual salary, and
a comparison of the years between 2010 and 2020. The data in Table 11 shows the real
purchase ability with regards to energy carriers, taking into account the change in nominal
prices (gross values) and the average annual net remuneration.

Table 11. Ability to purchase individual energy carriers for an annual average net salary in selected
countries in the period from 2010 to 2020.

Electricity (kWh) Natural Gas (kWh Equivalent) Eurosuper 95 (Liter) Diesel Oil (Liter)

2010 2020 Change 2010 2020 Change 2010 2020 Change 2010 2020 Change

Bulgaria 82,141.59 125,491.58 52.77% 161,947.39 342,585.29 111.50% 6709.90 13,759.49 105.00% 6987.45 13,897.08 99.00%

Cyprus 179,330.23 231,931.77 29.33% NA NA NA 29,912.50 39,396.15 32.00% 29,550.85 38,189.36 29.00%

The Czech
Republic 92,461.22 107,658.41 16.44% 240,818.39 240,129.92 −0.30% 15,296.75 23,903.11 56.00% 15,887.81 24,092.14 52.00%

Estonia 16,1401.27 210,305.34 30.30% 320,290.47 623,029.58 94.50% 14,879.47 23,864.01 60.00% 14,961.58 27,295.93 82.00%

Croatia 11,6478.01 151,935.36 30.44% 309,740.41 447,809.47 44.60% 12,034.64 17,669.83 47.00% 12,757.31 18,353.36 44.00%

Hungary 82,310.90 208,963.03 153.87% 226,354.97 689,985.06 204.80% 11,180.92 20,785.83 86.00% 11,791.30 20,133.61 71.00%

Lithuania 85,927.68 169,758.27 97.56% 154,520.17 546,320.38 253.60% 9053.83 20,760.29 129.00% 10,465.10 22,877.88 119.00%

Latvia 104,674.14 112,305.79 7.29% 165,457.77 208,518.63 26.00% 10,097.93 17,800.41 76.00% 10,311.52 19,461.38 89.00%

Malta 152,817.13 272,372.00 78.23% NA NA NA 24,644.67 29,804.35 21.00% 28,193.54 32,926.98 17.00%

Poland 96,497.71 147,774.72 53.14% 239,953.34 514,848.4 114.60% 12,647.37 24,138.75 91.00% 13,534.35 23,993.75 77.00%

Romania 75,831.98 121,717.78 60.51% 287,078.21 543,996.32 89.50% 7558.09 18,616.28 146.00% 7788.01 18,381.27 136.00%

Slovenia 143,705.71 140,311.42 −2.36% 330,134.73 498,538.01 51.00% 20,375.64 27,278.46 34.00% 21,314.18 27,425.09 29.00%

Slovakia 86,884.19 109,494.36 26.02% 165,755.23 174,778.46 5.40% 12,835.49 18,090.03 41.00% 14,382.49 20,031.21 39.00%

For Cyprus and Croatia, the presented data is for 2014. Source: Own calculations and elaboration.

In the case of electricity, the largest increase in the ability to purchase that commodity
for the average net remuneration was recorded in Hungary (+153.87%). In Slovenia, the
buying power decreased by 2.36%. Having analyzed the absolute values, in 2010, the great-
est amount of electricity could be purchased by the inhabitants of Cyprus (179,000 kWh),
and the smallest amount by the residents of Romania (75,000 kWh). In 2020, the greatest
amount of electricity could be purchased by the residents of Malta (272,000 kWh, an in-
crease of 78.23% compared to 2010), whereas the smallest amount could be purchased by
the residents of the Czech Republic (107,000 kWh, an increase of 16.44% compared to 2010).

With regards to natural gas, the greatest increase in the buying power was recorded
in Lithuania (+ 253.6%), whereas in the Czech Republic, the purchase ability declined by
0.3%. In absolute terms, in 2010, the inhabitants of Slovenia were able to buy the largest
amount of gas (330,000 kWh equivalent), whereas the smallest amount could be bought by
the residents of Lithuania (154,000 for the equivalent of kWh). In 2020, the greatest amount
of natural gas could be purchased by the residents of Hungary (689,000 for the equivalent
of kWh, an increase of 204.8% compared to 2010), whereas the smallest amount could be
purchased by the residents of Slovakia (174,000 for the equivalent of kWh, an increase of
2.9% compared to 2010). With regards to gas, the situation in Cyprus and Malta was not
taken into account for the analysis, as the households did not use that raw material.

When it comes to the prices of liquid fuels, the increase in real purchase power is
not as large as in the case of electricity and gas. The maximum increase was recorded for
petrol—146% and for diesel oil—136%.

Having compared the ability to purchase petrol in relative values in the years 2010 and
2020, the largest increase was recorded in Romania (+146%), whereas the smallest was
in Malta (+21%). Taking absolute values into account, in 2010, the residents of Bulgaria
were able to purchase the smallest amount of petrol (6709 L), whereas the inhabitants of
Cyprus, the largest amount (29,912 L). In 2020, the residents of Bulgaria were still able to
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buy the smallest amount of petrol (13,759 L, an increase of 105%), whereas the inhabitants
of Cyprus were still able to purchase the largest amount of that commodity (39,396 L, an
increase of 32%).

With regards to diesel oil, the greatest increase in purchase power was recorded in
Romania (+136%), whereas the smallest was in Malta (+17%). In 2010, the residents of
Bulgaria were able to buy the smallest amount of diesel oil (6.987 L), whereas the largest
amount of that commodity could be purchased by the residents of Cyprus (38,189 L). In
2020, the inhabitants of Bulgaria were still able to buy the smallest amount of diesel oil
(13,897 L, increase by 99%), whereas the residents of Cyprus were still able to purchase the
largest amount of that commodity (38,189 L, increase by 29%).

4. Discussion

The authors proved that electricity prices in the countries that joined the European
Union after 1 May 2004 grew in the analyzed period. In these countries, renewable sources
of energy (RSE) were used to a smaller extent than in Western European countries, and
energy prices were characterized by lower volatility [50,66–70]. The basic raw materials
used to generate electricity in thirteen countries were coal, oil and gas, exported mainly
from the Russian Federation [71]. Although the article does not discuss energy sources, the
authors notice a growing need for a debate and research on this topic. This subject has been
discussed in numerous studies, in which a detailed attempt was made to analyze energy
sources and the importance of renewable sources (solar, hydro and wind energy) [72] and
the methods of distribution [73].

Raw materials on world markets fluctuated over the considered period and had a
direct impact on net prices. The price of energy is also influenced by the demand and its
supply in a given country [74,75]. The import of non-renewable resources affects the energy
security of the studied countries [76]. The most important threats to energy security are:
the possibility of interrupting energy supplies from abroad, or damaging the production
and transmission infrastructure, threats of cyber-terrorist attacks and the exhaustion of
energy resources and consumption of energy infrastructure.

Differences in energy prices between the thirteen surveyed countries result from the way
they are determined and the amount of taxes and charges set by the governments of these
individual countries, and so they differ in environmental costs, taxes and compulsory fees.

During the analyzed period, gas was one of the basic sources of energy for households
in the thirteen surveyed countries, except in Cyprus and Malta; their prices and taxes, as
well as compulsory charges, were clearly differentiated and fluctuated periodically.

Due to the low number of electric cars in these countries, diesel and gasoline were
a major part of household spending from 2010 to 2020 [35,77–79]. During the COVID-19
pandemic, most countries introduced sanitary regimes (lockdowns), which reduced the
demand for gasoline and diesel fuel. Compulsory fees and taxes shaped the final fuel prices
in individual countries.

The amount of electricity, natural gas, gasoline and diesel in the thirteen researched
countries may have contributed to the reduction in demand. The authors’ findings present
that electricity in thirteen countries from 2010 to 2020 was mainly used for space and
water heating, and its much smaller purchases led to energy poverty [50]. According
to the European Energy Poverty Observatory, the main indicators of poverty are: low
absolute energy consumption and the inability to maintain an adequate temperature
in the home [80–82]. This phenomenon is largely due to lower household incomes in
the thirteen countries compared to Western European countries. Energy poverty has a
number of negative health consequences, due to low temperatures and the stress of being
unable to pay energy bills [83,84]. Energy poverty directly affects the environment and
labor productivity [85,86]. Solving this problem has many benefits, including reduced
government spending on health, less pollution and CO2 emissions, greater comfort and
well-being and improved household budgets.
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Moreover, the use of non-renewable resources for the production of electricity in
the studied countries contributes to the increase in air pollution and CO2 emissions, the
reduction of which is required by the European Union [83,87]. Some of the analyzed
countries will therefore face the problem of the dynamic development of RES in the current
decade of the 21st century, especially as they do not have any major gas and crude oil
sources [88]. Rising prices of non-renewable resources force countries to invest in new
technologies and renewable energy sources. This process is likely to be accelerated by the
outbreak of the war in February 2022 in Ukraine and the resignation from the purchase of
non-renewable resources in Russia by some of the studied countries. Changes taking place
in the markets of these countries may have a serious impact on the periodic increase in the
price of energy and gas, crude oil and gasoline, as well as electricity, and contribute to the
increase in energy poverty in the near future.

5. Conclusions

1. During the analyzed period, the energy consumption structure did not change significantly.
2. Electricity prices were steadily growing in the countries under assessment. Over the

10 years, the average purchase price of a kilowatt-hour, inclusive of taxes and levies,
increased by EUR 0.05. The greatest increase in price was recorded in Latvia, whereas
the price of 1 kilowatt-hour fell by EUR 0.07 in Hungary. The country also recorded the
lowest net price of 1 kilowatt-hour in 2020. The greatest net price was recorded in the
Czech Republic. In the EU countries, the share of taxes and charges was approximately
35.6% of the price. The taxes and fees were shaped by the governments of individual
countries. The greatest percentage tax was imposed in Slovenia—35.5% of the final
electricity price, whereas the lowest was in Malta—5.7%.

3. Gas was used in the majority of households in the countries under study. Only Cyprus
and Malta did not use that source of energy. The greatest number of households that
used gas was in Slovakia and the lowest number was in Bulgaria. During the period
under review, there was a fluctuation in gas prices across the analyzed countries.
The highest gas prices, including taxes and fees, were recorded in Slovakia—EUR
0.09.7 per kWh, whereas the lowest price was recorded in Romania—EUR 0.02.8 The
greatest share of taxes and levies in the price of liquid fuels was recorded in Slovenia
in 2020, whereas the lowest share was recorded in Romania.

4. The use of liquid fuels—petrol and diesel oil—in the countries under study, grew over
the study period, and prices of fuel fluctuated over the period from 2010 to 2020. In
2010, the lowest price of petrol was recorded in Bulgaria and the greatest was in the
Czech Republic. In 2020, diesel oil prices followed a similar pattern. The lowest price
of diesel fuel was recorded in Bulgaria (EUR 0.92 per liter), whereas the highest was in
Malta (EUR 1.24 per liter). The greatest increase in the price of diesel oil was recorded
in Malta and the highest decrease was in the Czech Republic. When it comes to diesel,
the greatest increase of price similarly was recorded in Malta and the highest decrease
was in the Czech Republic.

5. In the countries under study, wages and salaries increased over the period from
2010 to 2020. However, annual household income was significantly lower than in the
other states of the European Union. Inflation was a factor that influenced the level of
consumption. Its rate varied in the countries under assessment. With regards to the
ability to purchase certain raw materials in 2020, it should be noted that the greatest
increase in the ability to buy electricity was recorded in Hungary (+153.87%), whereas
the lowest was in Slovenia (+2.36%). In the case of natural gas, the largest increase in
purchase power was in Lithuania (+253.6%). The most unfavorable situation was in
the Czech Republic, where there was a decline in the purchase ability by 0.3%. With
regards to petrol, the greatest increase in the purchase ability was in Romania, —146%,
whereas the smallest was in Malta—+21%. Similarly, in the case of diesel oil, the
greatest increase was recorded in Romania (+136%) and the smallest in Malta (+17%).
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6. The COVID-19 pandemic, which broke out in March 2020, did not cause any significant
changes in the prices of energy carriers in the analyzed period, apart from the declines
in the prices of eurosuper 95 and diesel. It was not until 2021, which was not analyzed,
that we noted significant changes in the price of raw materials and final energy
prices. In addition, at the end of 2020, due to the COVID-19 pandemic, there were
no significant changes in the tax policy with regard to energy resources. The highest
taxation occurred in eurosuper 95 and diesel fuels—about 50% of the final price,
whereas the lowest occurred in natural gas prices—around 20%.
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Abstract: The household, industrial, and service sectors in Poland and the Baltic States have been
facing ever-higher bills for their electricity consumption at a time when a number of them have been
hit hard financially by the pandemic. Rising inflation, the border crisis—with its set of restrictions, or
the spread of the fourth wave of the COVID-19 coronavirus pandemic, is causing strong concerns in
the social and economic sphere, with significant increases in electricity prices. Many countries are
implementing measures to reduce the adverse effects of rising electricity prices in response to this
complex situation. The main orientation is towards obtaining energy from renewable sources, such
as the sun. The current situation in the energy market determines the price per 1 KW. Among the
countries under study, the price of electricity has increased the most in Poland. On the other hand,
the development of the photovoltaic segment in Poland is undergoing a strong, upward trend. The
above inspired the authors to explore the energy market situation in Poland and the Baltic States in
the current economic conditions, along with an analysis of its development potential in light of the
coronavirus pandemic. The main research problem of this study is an attempt to answer the question
of what should be changed in the development of the renewable energy market in Poland, with
particular emphasis on photovoltaics, to accelerate the process of reducing CO2 emissions, leading
to a reduction in dramatically rising electricity prices. Which solutions implemented in the Baltic
countries can inspire strengthening Poland’s energy market development?

Keywords: energy market; renewable energy; electricity prices; photovoltaics; renewable energy

1. Introduction

The household, industrial, and service sectors in Poland and the Baltic States have been
facing ever-higher bills for their electricity consumption at a time when a number of them
have been hit hard financially by the pandemic. Rising inflation, the border crisis—with its
set of restrictions, or the spread of the fourth wave of the COVID-19 coronavirus pandemic,
is causing solid concerns in the social and economic sphere, with significant increases in
electricity prices. In response to this complex situation, several countries are implementing
measures to reduce the negative effects of electricity price increases. In addition to actions
in the regulatory sphere, affecting the price of electricity or the system of subsidies to the
costs of its purchase, the system of actions related to the promotion of alternative formulas
for obtaining electricity, oriented towards the modification of energy markets based on
traditional sources (fossil fuels) to an energy economy based on renewable energy sources
(wind energy, solar energy, geothermal energy, wave energy, current and tidal energy,
energy from the fall of rivers, biomass energy) [1] is fundamental. This seems to be an
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absolute necessity [2], and the support in the field of eco-installations (especially in the
financial sphere) is an important impulse for taking up the challenges in this area.

The authors concluded that renewable energy sources should be the basis for de-
veloping the energy market in the world. Although this is an obvious aspect related to
the dimension of the modern energy economy, many differences can be observed in the
progress of implementation of RES solutions and the types of undertaken solutions, re-
flected in the price of electricity per 1 kWh. Significant differences in this respect can be
observed in the example of countries of the Baltic Sea basin, where Poland leads in the
production of electricity from non-renewable sources (82%) [3]. The context outlined above
justifies the need to investigate the current situation of the energy market in Poland and in
the Baltic countries as its stability directly translates into efficient functioning of entities in
this area in the social [4] and economic [5] dimensions.

Having the above in mind, the general purpose of the paper is to examine the dif-
ferences in the progress of the Baltic Sea countries in implementing solutions related to
obtaining energy from renewable sources. The rationale for choosing the Baltic Sea coun-
tries is their direct vicinity and the similar general social and economic conditions of Poland
and the Baltic countries, providing the basis for substantive comparisons.

The main objective of this study was to investigate the current situation of the energy
market in Poland and the Baltic States, with a particular focus on photovoltaics as a direction
for the development of alternative forms of electricity generation. This choice is supported
by the fact that Poland, as the least advanced country in the field of renewable energy,
has been recently leading the way in terms of photovoltaic development. The objectives
of this paper are to diagnose the state of the electricity market in the current economic
conditions, to present the essence of the photovoltaic process and to analyze the potential
development of the photovoltaic market in Poland and the Baltic countries, as well as
to assess the impact of the coronavirus pandemic COVID-19 on the development of the
photovoltaic market in Poland and the Baltic countries. The main research problem of
this study, however, is an attempt to answer the question of what can be changed in the
development of the renewable energy market in Poland, with particular emphasis on
photovoltaics, to accelerate the process of reducing CO2 emissions, leading to a reduction
in dramatically rising electricity prices. Which of the solutions implemented in the Baltic
countries can be an inspiration to strengthen the development of the energy market in
Poland, based on renewable energy sources?

Similar studies have been conducted in different countries. It is worth pointing out that
the literature on the subject provides numerous examples of studies of the energy market in
the countries of the Baltic Sea basin, most often realized for the Baltic countries—Lithuania,
Latvia, and Estonia [1], thus including Poland in analyses of this type will broaden their
spectrum, limiting a kind of research gap. The above is justified by the current need for
information on the energy market in the region, which is another reason for establishing a
research area for this study. The selected countries are also characterized by a differentiated
approach to the implementation of solutions allowing for obtaining energy from renewable
sources, which is confirmed, among others, by the content of the Sustainable Development
Report 2019: Transformations to Achieve the Sustainable Development Goals, according to
which Estonia is in the lead, ranking 10th in the ranking of 193 UN member states in terms
of changes in indicators for the Sustainable Development Goals by 2030 (including the
green energy index), followed by Latvia in 24th place, Poland in 29th place and Lithuania
in 32nd place [6]. In addition, the selection of countries was based on the availability of
analytical data in Eurostat and industry reports published, among others, on the Internet
to ensure comparability of data and appropriate quality of research results.

The paper adopts the following structure: Section 1 contains the introduction, Section 2
contains the literature review on the development of the photovoltaic energy market in
the world. Section 3 presents the results of the research on the analysis of the photovoltaic
market in Poland and the Baltic States along with the assessment of its development trends,
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taking into account the impact of the coronavirus pandemic and the recommendations
formulated based on the research results Section 4 contains the discussion and conclusions.

2. Global Photovoltaic Market Development—Literature Review

The efficiency of the energy market determines economic development. The profes-
sional literature provides numerous analyses in the field of the influence of energy factors
on the growth of individual economies worldwide [7–10]. The above gains particular
significance in the era of the coronavirus pandemic where, on the one hand, the reduction
in the extraction of fossil fuels has contributed to a change in consumer behavior and an
increase in demand for energy obtained from renewable sources [11], and, on the other
hand, the support for the development of the renewable energy market takes place at the
expense of supporting the fossil fuel extraction sectors in the countries dependent on this
industry [12]. Actions promoting the acquisition of green energy—essentially limiting
its cost—seem to be highly justified in the reality of the crisis caused by the pandemic.
The above should be mainly considered in countries whose main energy production capaci-
ties are concentrated around non-renewable sources. The recently observed increases in
energy prices in countries where energy is obtained traditionally (e.g., Poland) [13] deepen
the general rise in prices, which may be the basis for social unrest [14].

The virtues of green energy are recognized by many countries, contributing to changes
in energy acquisition policies [15,16]. Individual economies are opening up to Sustainable
Development [6] and increasing energy efficiency. Awareness about the negative impact of
the traditional energy sector on the environment is increasing, and its effects on climate
change [17,18] are increasingly raised. Therefore, caring for the environment and the search
for alternatives to classical, nature-harming solutions in the sphere of energy acquisition and
distribution have become more important than ever. “Green energy” convinces the world
and is currently a desired trend in developing the global energy market. Maintaining high,
in global terms, demand for electricity, with rising prices for 1 KW of energy produced
traditionally—correlated with the increasing level of environmental fees—justifies the
above from an economic point of view. The above applies particularly strongly to Poland,
which depends on traditional forms of energy generation [19,20] and needs urgent changes
in the energy sector, affecting technological, environmental, and economic aspects [21].
The opening to distributed energy from RES sources is marked in the Polish Energy Policy
and its subsequent revisions [22,23].

The global RES market is growing, [12] especially the solar and wind energy sectors,
and the coronavirus pandemic has not slowed down this development [19], which can
be confirmed in the literature [24,25]. Strong development of the indicated sectors of the
RES market empowered the authors in the choice of exploring, within the framework of
this article, the thread of one of them—a technique-oriented to the conversion of energy
obtained from solar radiation into electricity, based on the photovoltaic effect. What does it
consist of?

The accumulation of solar energy (photon strands) into charge in a semiconductor
takes place in a photovoltaic unit (cell), which builds the energy conversion module—the
photovoltaic panel. The essence of the process arises from the construction of photo-
voltaic cells, which in most cases consist of a semiconductor in the form of silicon crystals
(monocrystalline or polycrystalline), the irradiation of electrons building which, releases
a higher energy level (electron-hole). The burst and movement of the electrons trigger a
potential difference and the phenomenon of DC accumulation. At the same time, in the
inverter, its conversion from alternating to direct current [26] is carried out. The photo-
voltaic process outlined above is based on the quality of the silicon crystals. Its type and
structure determine the quality of the equipment for converting solar energy into electricity.
The efficiency of the photovoltaic effect is therefore created on the technical side by the
number of electrons and the number of bonds, which is combined with the quality of the
solar energy, determined by the intensity and the length of the solar radiation resulting
from the geographical location of the photovoltaic installation [27] (longitude and latitude,
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correlated with the time of the calendar year) and the correct choice and achievement
of the optimal direction and degree of inclination of the photovoltaic installation at the
place of solar energy intake (azimuth). Also important is the surface type under the PV
modules [28]. The quality of the semiconductor used—its crystal structure, the type of cell
bonding used, and the type of anti-reflective coatings applied—is therefore important in
selecting a solution [24]. The quality of solar radiation, correlated with the conditions of its
reception and conversion [29,30], determines the energy efficiency of a specific solution.

Renewable energy is on the rise in response to global demand. Solar energy is growing
mainly in the sunnier parts of the world, but it is also becoming increasingly important in
less sunny regions. For example, China achieved spectacular results in the photovoltaics
field with a connection capacity in 2020 of 48.2 GW, and the USA has achieved 19.2 GW [31].
In addition, India and Saudi Arabia have achieved outstanding results in the photovoltaic
sector [32].

Solar energy in the European Union has grown strongly over the past few years [33–35].
Hence, the photovoltaic sector is an important pillar of green energy in the European energy
market [36]. The undisputed leader in the photovoltaic sector in the European market is
Germany with a total connected capacity of more than 50 GW, followed by Italy (21 GW),
the United Kingdom (13.3), while Poland in this ranking is in the second ten [37], ahead of
the Baltic States.

The above literature review provides a background for further research—oriented
towards analyzing the photovoltaic market in Poland and the Baltic States, in line with the
objective presented in the introduction.

3. Materials and Methods

The research at the outset was conceptual in nature. However, the considerations un-
dertaken in this article are analytical and empirical. The research was based on the analysis
of industry reports on the energy market in Poland and the Baltic countries (Lithuania,
Latvia, and Estonia), statistical studies communicated at the level of the countries adopted
for the analysis, as well as relating to the European Union market in general, and on
the results of own research on the development of the photovoltaic micro-installation
segment in the energy market in Poland, in the topic of determinants of investment de-
cisions, in connection with the purchase of photovoltaic solutions. Systematization and
decomposition techniques and comparative and situational analysis methods were used.
In addition, methods typical for planning and forecasting were used. Figure 1 presents the
research algorithm.

The study was based on an extensive literature list. In addition, a content analysis
of world literature on the photovoltaic energy market and industry reports on the latest
trends in the development of the energy sector was carried out to show trends and new
solutions applicable in the studied countries. Although the topic addressed in this paper is
quite important and relevant, there are different models in the scientific and journalistic
literature for the introduction of PV and its participation in the overall energy market.
Furthermore, there are a limited number of national studies devoted to analyzing the
prospects of the domestic photovoltaic industry from the perspective of the global energy
transition. Therefore, the basis of the research is primarily foreign scientific articles, studies,
and international reports, forecasts, predictive estimates, and statistical data.

The authors have tried to cover the main trends and issues related to the discussed
topic and have consistently moved from the global experience to the Polish and Baltic
experiences to answer the questions posed in the research. To gain insight into the Polish
intentions related to energy transition trends, a critical analysis of the current situation
has been carried out, and conclusions from final consumer behavior surveys and inter-
views conducted among representatives of companies active in the energy transition have
been presented.
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Figure 1. Research algorithm [38].

The authors intend to deepen their knowledge and collect results on the production of
“green” technologies to develop a model that best fits the realities of the Polish and Baltic
economies. In order to obtain a common vision of current plans and intentions and collect
quantitative data from pro consumers, the authors have now extended the survey and
conducted interviews to obtain reliable forecast estimates.

4. Results
4.1. Diagnosis of the Energy Market Situation in Poland and the Baltic States

The degree of advancement of efforts to reduce conventional electricity generation,
correlated with the level of CO2 emissions [39] and regulatory processes regarding its
permissible levels (with rising prices of carbon allowances), determines the price system
per 1 KW. The above is also influenced by the situation of economies operating in pandemic
realities and the increase in prices of energy raw materials; hence, the changes in electricity
prices in Poland and the Baltic States (Lithuania, Latvia, and Estonia) are differentiated in
terms of their degree and direction. The most significant price increase in the analyzed set
of countries concerns the Polish energy market, with the increase in the period 2019–2020
also covering the Lithuanian energy market. Latvia saw an increase in prices per 1 KW only
in the current year, while electricity prices in Estonia are gradually decreasing, although
already at a minimum level in the current period. (Table 1).

The level of average prices per 100 kWh of electricity in the period 2019–2021 in
Poland and the Baltic States, expressed in European currency, assumed the following
values—Table 2.

The varying pattern of electricity prices across European economies shapes the average
price per 100 kWh in the European Union, which remains relatively stable—Figure 2.
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Table 1. Average changes in electricity prices between 2019 and 2021 in Poland and the Baltic States,
relative to national currencies [40].

The Average Change in Electricity Prices in Poland and the Baltic States in the Period
2019–2021 Relative to National Currencies

2019 2020 First Half of 2021

Poland +9.7 +14.1 +8

Lithuania +5 +5.3 −6

Latvia −8 −12.7 +7

Estonia −13 −8.5 −1

Table 2. Changes in average electricity prices per 100 KWh in 2019–2021 in Poland and the Baltic
States [40].

Average Electricity Price during the Period 2019–2021/100 KWh, Expressed in Euro

2019 2020 First Half of 2021

Poland 13.76 15.1 15.48

Lithuania 12.54 13.2 13.48

Latvia 16.4 14.3 14.03

Estonia 14.11 12.9 13.24

Figure 2. The evolution of average electricity prices per 100 KWh between 2019 and 2021 in the
European Union [41].

Against the background of the analyzed group of countries, Poland adopts the highest
electricity price increases. This increase in electricity after 1 January 2020 was released
by the expiry of the Act on electricity prices binding until the end of 2019, hence after
1 January 2020, there was a strong increase of almost 20%, motivated by the current price
of CO2 emission allowances, as well as an increase in generation costs and related prices
for hard coal and lignite. Changes in prices are also shaped by the change in the value of
the distribution fee, determined by the economic situation [42]. It is worth noting that the
structure of distribution fees is shaped by as many as nine cost items, which include: the
charge for commissioned power, subscription fee, cost of active energy, cost of distribution
fixed, cost of the distribution variable, quality charge, transitional charge, renewable energy
sources charge (RES), cogeneration levy.

The system of retail electricity prices of Poland in the period 2017–2021 increased
significantly, and the average selling price of 1 kWh adopted the following values: PLN
0.55 in 2017–2019, PLN 0.62 in 2020, and PLN 0.63 in 2021 (with the cost arrangement:
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PLN 0.38 per 1 kWh plus PLN 0.25 per 1 kWh for distribution charges). According to
the announcement of the Energy Regulatory Office, further increases of both electricity
purchase tariffs (as a rule G11 or G12) and the components of distribution fees are to be
expected, wherein 2022, the fee for ordered power is to increase by approximately 21%, and
assumed price levels between PLN 2.37 and PLN 13.25 PLN [43] in the monthly settlement.

Electricity exchange prices in Poland in September 2021 reached a record level of
401 PLN per MWh (historically 120 EUR), achieving a 68% increase compared to August.
However, compared to the Baltic States, it is a relatively good result. For example, the
level of exchange prices in the corresponding period in Lithuania and Latvia amounted to
143 Euro per 1 MWh, while in Estonia it was 142 Euro per 1 MWh [44]—Figure 3.

Figure 3. The growth trend in electricity exchange prices in Poland is October 2020–September
2021 [45].

Wholesale electricity prices on the European Union market have also been increasing.
An analysis of the trend in wholesale prices in the European energy market is presented in
Figure 4.

Figure 4. The trend in electricity exchange prices in the European Union from January 2011 to
September 2021. [46].

The observed price increase trend means a real increase in electricity prices for the
household sector in Poland and the Baltic States, which in Q1 this year amounted to: in
Poland: 26.34, in Lithuania: 19.42, in Latvia: 19.46, in Estonia: 16.64 PPS per 100 KW.
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An analysis of the trend in electricity prices in Poland does not give cause for op-
timism regarding the forecast of future purchase costs for electricity, which is produced
mainly based on the classic generation model. There are over 50% share in the structure of
electricity production in Poland is correlated with the cost of purchasing more expensive
energy resources and CO2 emission allowances, which is currently over EUR 2.1 billion [43].
The need to seek alternatives to conventional sources of electricity generation is undeni-
able. A solid opening to green energy and the reconstruction of generation infrastructure,
associated with investments of significant value, is essential. In this regard, photovoltaic
solutions are attractive—recommended under the technical criterion in the subject of a
wide range of applications and for legal, economic, and safety reasons [47,48].

4.2. Analysis of the Photovoltaic Market in Poland and the Baltic States

The photovoltaic market is developing rapidly in Poland and the Baltic States. The above
is determined by current eco-trends, which are referred to in the energy policies of European
and world economies, which aim to increase energy independence while reducing harmful
environmental impacts (CO2 emissions, groundwater declines, and permanent destruction
of ecosystems). Undoubtedly, the generation of electricity from solar radiation is becoming
an increasingly popular response to the challenge outlined above, so the promotion and
support of solar energy generation facilities nowadays are necessary and justified.

The popularity of photovoltaics in the energy market in Poland is growing. Its value
in 2020 in Poland exceeded the level of PLN 10 billion and is constantly growing, where—
according to the estimates of Distribution System Operators—the first half of 2021 resulted
in 144 thousand micro-installations being built, giving an increase in the power of the total
solutions of this type by 1.65 GW [43]. The total capacity of PV installations in Poland
currently exceeds 6 GW (up to 50 KW), with an approximately 40% share in RES and a
3.17% [49,50] share in Poland’s total volume of electricity. Especially popular in Poland
are micro-installations up to 10 kWp [51]. The sinuous growth of photovoltaics in Poland
(from 1.3 GW in 2019 to the planned 7 GW in 2021) has been driven by a set of government
subsidies, such as:

− instruments dedicated to individuals, such as “My electricity” [52], “Clean air”, “Ther-
momodernisation allowance”.

− instruments dedicated to economic operators, such as: “Energy Plus”,
− instruments dedicated to farms, such as “Agroenergy”, the agricultural tax deduction

for photovoltaic investments.

It is projected that the photovoltaic market in Poland will continue to grow, although
the unfavorable terrain in Poland is indicated in the literature [53,54], with annual insolation
of 1000 kWh/m2 [17,55]. Therefore, especially intensive development is assumed in the
segment of photovoltaic farms, which is expected to contribute to doubling the capacity of
photovoltaic installations in Poland in 2024 [56]. Furthermore, promoting photovoltaic farm
development programs above 1 MW contributes to their development [57,58], and energy
production for companies’ own needs is becoming increasingly popular in Poland [59].

The photovoltaic market in the Baltic States has not been prevalent, giving way to wind
farms, especially offshore, which are strongly developing in the renewable energy sphere.
However, Lithuania and Estonia’s photovoltaic market development trend is beginning to
gain momentum. On the other hand, Latvia is focusing its efforts on the development of
alternative solutions (hydroelectric plants, wind farms). Details of the PV market in the
individual Baltic States are as follows [60,61]:

(a) Lithuania:

The development of photovoltaic installations in Lithuania is of great interest to
the public. The structure of solar energy installations in the country is based mainly on
small installations with limited capacity, installed in the household sector. However, these
installations are very numerous, and the energy obtained in this way already in 2019
assumed the level of 2.3% of the total volume of electricity production in Lithuania. In
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addition to small installations, Lithuania also invests in photovoltaic farms. Particularly
popular are solutions to supply individual households with energy from the sun, the shares
of which can be acquired by any Lithuanian, creating the dimension of “virtual prosumers”.
Buyers of shares corresponding to the acquisition of 2–3 KW will receive an adjustment to
their electricity bills for participating in the program. The energy efficiency of such farms
depends on their capacity, where, for example, for a 1 MW solution, it is about 25 GWh in
25 years.

Government instruments motivating the challenges of investing in photovoltaics are
mainly financial. The targets for expanding photovoltaic capacity were reviewed this year,
with 1 GW of photovoltaic capacity to be installed by 2025.

(b) Latvia:

Photovoltaics are not popular in Latvia. Of all the forms of renewable energy available,
photovoltaics assume the least importance, and its share in the total volume of electricity
production is about 0.1%. This situation is due to the strong development of hydroelec-
tricity, producing about 33% of the energy produced. The lack of interest in investing
in photovoltaics is due to existing formal and legal barriers and the lack of government
incentives to support the activities in question. Interestingly, Latvian entities invest in PV
in Lithuania and Estonia, taking advantage of support solutions in neighboring countries.

(c) Estonia:

The development of photovoltaic installations in Estonia has undergone intensive de-
velopment over the past few years. It started to develop particularly strongly in 2017–2018,
with an intensive increase in PV installation capacity from 11 MW, through 50 MW to
110 MW. As a result, in 2019, Estonia developed a 0.7% share of solar energy in the total
volume of electricity produced, ranking 8th among EU member states with the highest
per capita production of PV electricity. This action developed the target of res market
development, which was assumed for 2030. The spectacular success of developing the
photovoltaic market in Estonia is due to the instruments developed to support initiatives
aimed at obtaining electricity based on PV solutions. These instruments included fast and
transparent procedures for integrating PV installations into the grid, low equipment prices,
a system of installation subsidies or financial bonuses for selling electricity to the grid. As a
result, in addition to small and medium-sized installations, Estonia has begun to invest in
industrial solutions in this field, including the construction of solar farms and parks.

The distribution of the share of photovoltaics in total electricity production in Poland
and the Baltic States is visualized in Figure 5.

Figure 5. Distribution of the share of solar energy in the total volume of electricity production in
Poland and the Baltic States [60,61].
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In the examined set of countries, Poland takes the leading position with the share
of 3.17% of energy from the sun in the country’s total volume of electricity production.
The lowest value of the share of photovoltaics in the total energy production at the economic
level is generated by Latvia with a share of 0.1% of the total volume of electricity production
in the country.

4.3. Photovoltaics as an Alternative Energy Source—Analysis of Market Development Trends

Photovoltaic installations contribute to reducing energy costs, so individual consumers
decide to invest in green energy. However, choosing the right solution is not a simple matter.
Additionally, one should remember about the right choice of power capacity because the
overproduction of electricity in Poland is not economically justified [62,63].

The results of our own research “Bidding Effectiveness—Photovoltaics” (August 2021)
indicate that the outlined, elementary knowledge of the photovoltaic process is critical for
selecting the optimal, solutions available on the market. Analysis of the offering process
(analysis of the range of offers, the level of acceptance of offers, the level of offer changes
and their direction, as well as comments and opinions of the customer at the stage of
offering and after-sales service), deepened with an interview with customer advisors, in
a company with a significant market share in the distribution, installation, and servicing
of photovoltaic installations in Poland (number of installations installed in 2020: 914),
revealed that:

− Customers have relatively limited knowledge of the criteria for selecting the right ok
for their energy needs, and around 80% fully accept the (technical) offer proposed by
the vendor. The negotiation field is usually the price of the project.

− Purchase decisions are mainly determined (about 90%) by the price of the installation,
the lifetime of photovoltaic panels (about 85%), the availability of solutions deter-
mining the time of investment implementation (about 70%), and the aesthetics of the
panels (about 45%).

These studies have also revealed problems with clarifying technical uncertainties in
the areas of:

− mono or polycrystalline installations—highlighting the differences in operating pa-
rameters creating the efficiency of the installation and their correlation with price,

− double-sided solutions (Bi-facial panels, drawing on bottom reflection),
− vision panels, excluding aspects of size, weight, and price.

This limits customer choice, reducing it significantly to the current (real) availability of
specific assortments on the market and their price. Mass import of the most popular solu-
tions (popularity determined by the promotion of solutions and their availability ensured
by distribution points) translates into the observed mass sales in specific configurations
and prices. The right choice elements of photovoltaic mounting are important in solution
effectiveness and return on investment [64].

The relatively popular knowledge that the annual consumption of micro installations
is in the range of 25–30% of energy paints a picture of the consumption potential of a
microgrid that can include and supply energy to neighboring buildings. Interest in such a
solution manifests itself in relations between buyers of photovoltaic installations and their
suppliers. This topic was mentioned by approximately 20% of the customers purchasing
photovoltaic installations in cooperation with the surveyed company. This shows the
potential for market development, which is assumed to be more accessible for customers
(financially and technically).

The analysis of the photovoltaic sector in Poland and the Baltic countries revealed the
solution of “virtual prosumers”, successfully practiced in Lithuania. The above inspired
the authors of this paper to explore the potential for its application in Polish conditions.
An interview conducted with the management of several dozen housing communities and
several housing cooperatives confirms their clear interest in such a solution. The search for
alternative solutions in the light of currently observed very serious increases in electricity
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prices strongly justifies the noted position. Participation in the photovoltaic farm with
an average value of 3 KW would significantly reduce the cost of electricity purchased by
households. Residents of blocks of flats would be able to enjoy the benefits of green energy
more extensively than the commonly offered energy mix tariff [65] where, according to the
Polish Energy Policy, a consumer of electricity who does not have photovoltaic installation
benefits from a variable daily mix of energy sources, including (residually) from RES.
The above may inspire the development of serious investments in Poland. Entering into
participation means opening the source of investment financing, at least in part. However,
what is important is the system of incentives resulting from the formal and legal framework,
which determines the directions and pace of development of the RES market in Poland and
other countries.

4.4. Coronavirus Pandemic and Photovoltaic Development on the Polish Market in the Baltic States

The bulk of PV panel production is carried out in the Asian market, particularly in
China. This is mainly due to the key mining sites for the abovementioned raw material,
silicon (P-type and N-type silicon for the construction of P-N junctions), which is critical
for the most frequent use in the production of PV panel joints. However, in principle, the
alternative location does not limit the need to source from the Chinese raw material, which
essentially polarizes the market concerned and increases the risk of liquidity of supply
from one area.

The outbreak of the coronavirus pandemic and paralysis of supplies from the Chinese
market [66] had a significant impact on the photovoltaic market in Poland and the Baltic
States. Furthermore, the closure of seaports and airports contributed to a lack of pan-
els [67], which resulted in the need to postpone planned and slow down or stop ongoing
investments in the construction of solar farm installations of various scales. In addition,
the process of acquiring new customers was almost abandoned. The negative effects of
the above situation have been reinforced in Poland by the aspect of approximately 70%
dependence of the Polish market on producers from Central Countries and the limited
level of diversification of the system of suppliers from outside this region.

However, the lack of market capacity did not stop Chinese production, which, once the
logistic channels were opened, resulted in full availability of PV solutions and a return to a
free market, almost as soon as international trade was unfrozen. Furthermore, production
“on stock” contributed to maintaining prices of PV installations at essentially pre-pandemic
levels, which in turn resulted in a significant increase in interest in PV solutions in the
Polish and Baltic markets.

The collapse in the stability of the foreign exchange market, caused by the global
crisis of pandemic-weakened economies, contributed to a significant increase in the prices
of photovoltaic installation components, i.e., photovoltaic modules, inverters, inverters,
etc., due to the increase in their production and acquisition costs. A noticeable increase in
prices in this area has been observed since September 2021, with a significant deepening
of the recorded trend occurring in November. The above is particularly reflected in the
Polish market due to the highest level of depreciation of the Polish currency in many years.
Lithuania, Latvia, and Estonia, which use the European currency, have not experienced
such changes.

The change of the Polish currency’s average exchange rate against the Baltic states’
currencies is presented in Figure 6.
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Figure 6. The change average exchange rate of the Polish currency (PLN) against the currency of the
Baltic countries (Euro) in the period 1 December 2019–1 September 2021 [68].

Despite appearances, the photovoltaic market is not slowing down. On the contrary, in
Poland, the opposite trend is observed. The above interest is strengthened by the announced
change in legislation, according to which prosumers (producers and consumers of electricity
at the same time) will be subject to different, less favorable than the current settlement rules
in the mode of sale of overproduction of electricity and its “return” purchase to balance the
needs [69,70].

It is difficult to estimate the strength of the photovoltaic market development in Polan
once the announced regulations come into force. It is also difficult to assess the intensity of
its development in the coming years in the Baltic countries. However, the demand for green
energy is expected to grow [71]. The main arguments support this, i.e., the environmentally-
oriented action combined with care for the community’s health, juxtaposed with an equally
strong economic argument—energy obtained from renewable sources is relatively cheap.

An analysis of the opinions of users of photovoltaic installations in Poland (obtained
in the course of the research “Effectiveness of the offer—photovoltaics”, referred to in
this paper, August 2021), reveals that out of ten potential customers initially interested in
photovoltaics, on average six decide to take up the challenge of purchasing photovoltaic
solutions. On average, two more declare their interest in taking up such a solution in
the future. Notably, four out of six customers benefiting from solutions based on this
energy generation and conversion model indicate their satisfaction with the acquisition of
electricity. At the same time, the remainder needs a longer perspective to assess the effects.
According to the analysis of average electricity consumption loads with photovoltaic
solutions, the potential for bill reduction can be generally estimated to be around 70% of
their value, sometimes even 80–90% [71]. Such a range is indicated by at least half of the
surveyed customers (i.e., min. 457) of the company referred to in this study, in a service
interview conducted after a year of using the installation. The above research, although
conducted on the Polish market, confirms the common knowledge that the key argument
for electricity consumers is the price of its acquisition.

5. Discussion

The results of the considerations in this article confirm that the development of pho-
tovoltaics in Poland and the Baltic countries are the right direction to strengthen the
acquisition of energy from renewable sources. However, this direction is determined by
the energy policy of individual economies, which is translated into a system of regulations
and incentives, directing investors to take up the challenge of building photovoltaic instal-
lations with a certain force. The above is confirmed by the policy of Poland, Estonia, and
also Lithuania developing in this area. The system of incentives may be used by foreign
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investors, as it is noted in Lithuania and Estonia, where investments are made by enti-
ties from neighboring Latvia, stimulating the economic development of these economies.
The lack of government support does not motivate investment activities in this area (Latvia).
This confirms the importance of support instruments in the development of RES. However,
it should be remembered that there are EU support programs for the development of the
green energy market, with particular emphasis on the photovoltaic market. This form of
support is used by numerous entities oriented towards developing photovoltaics.

The main participants in the photovoltaic segment of the energy markets in Poland
and the Baltic States are small prosumers (owners of micro photovoltaic installations below
50 KW—producing and consuming their energy). The impulse for small investors to reach
for photovoltaic solutions is, in principle, the aspect of optimizing the economic bill for
electricity consumption, but in Poland, decisions in the field of photovoltaic solutions
are made mainly based on suggestions from retailers. Therefore, the diagnosed state of
the photovoltaic sector in Poland and the Baltic countries reveals potential for further
development of the observed trends. At the same time, there is a wide perspective for the
development of the photovoltaic market in the commercial dimension, which is very likely
to happen soon.

The main conclusion is to confirm the economic rationale for further development
of the photovoltaic sector in Poland and the Baltic countries. The justification arises
against the background of energy policy, correlated with the conditions of sustainable
development of individual economies and the costs of achieving the resulting objectives.
Economic justification, however, should be found most strongly by the investor who
undertakes the construction of photovoltaic installations, hence it is extremely important
to maintain the system of incentives and intense promotion of this direction of energy
acquisition. The announced unfavorable regulations in accounting for the surplus of
produced energy and purchasing its shortage already this year may significantly limit this
strongly developing renewable energy market in Poland.

Moreover, the “virtual prosumers” model may serve as an inspiration for strength-
ening the energy market development in Poland. This is an interesting direction of de-
velopment of major investments, enabling the general public to take advantage of the
benefits of green energy, the interest triggered mainly by the financial aspect, as well
as social responsibility, in connection with strongly marked widespread environmental
protection activities.

Pandemic conditions in 2020 only temporarily slowed down the development of the
PV market in Poland and the Baltic States. With the opening of international exchanges, the
stream of orders and installations of photovoltaic solutions has significantly increased in
the area under analysis. The greatest risk of a pandemic, however, is a general weakening of
economies, currency market fluctuations, and the currently observed increase in the prices
of energy raw materials, determining the marked pan-European increase in wholesale
electricity prices, to a significant extent still generated by conventional means (e.g., Poland).
In this light, the development of RES assumes particular importance. However, the price
increase also applies to components for the production of photovoltaic system accessories.
This will probably not stop the observed development of the photovoltaic market in Poland
and the Baltic States, but it may weaken its intensity. The above draws an interesting
spectrum of further possible research.
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