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W N e

Abstract: The disruption of fossil fuel supply chains due to the war in Ukraine has resulted in the
need for an urgent reorganisation of the energy supply system, the cost of which has created a
substantial increase in electricity prices in many markets. In light of the above, the need for the
development of a renewable energy market has become stronger than ever; hence, the authors of this
study have oriented their efforts towards investigating the development of the renewable energy
market in countries bordering the line of armed conflict in Ukraine, i.e., Poland—strongly dependent
on traditional forms of energy production—and Lithuania. The primary objective of the paper is to
review the literature on wind energy, which is necessary to establish the current role of this energy
dimension in the renewable energy market in the energy systems of Poland and Lithuania. Therefore,
this review paper is oriented towards a review and evaluation of the available thematic literature and
industry studies, as well as conclusions related to the number and direction of research topics in the
area of the explored issues. The basic finding of this review is that the reviewed literature and studies
are most strongly oriented towards a general assessment of the ongoing energy transition in the world,
in which the thread of the assessment of the energy situation in Poland and Lithuania, including
the thread of the analysis of wind energy, is part of broader assessments, most often regarding EU
countries. The wind energy of the countries included in the scope of the review is not discussed
comprehensively. The gap identified in this respect relates in particular to the aspect of wind energy
development potential concerning solutions targeted at the individual consumer. In quantitative
terms, studies addressing wind energy in Lithuania represent a lower percentage of the thematic
literature acquired for the review. In the area of noted niches, the need for research and analysis is
recommended to increase the information supply for developing the renewable energy market in
Poland and Lithuania. In doing so, it is important to explore the technical and technological solutions
(with a focus on the individual customer) and the economic aspects of wind installations from a
micro and macro perspective. In addition, there is a lack of sufficient studies revealing the position of
public opinion regarding the development of this dimension of the RES market and the direction of
its changes. This is an important problem—particularly in Poland, where the so-called distance law
constantly blocks the development of this dimension of RES and where the need to develop energy
from renewable sources is particularly urgent.

Keywords: energy markets; energy securities; green energy; sustainable development

1. Introduction

Contemporary functioning is subject to many challenges. These relate to the need for
sustainable management at the level of countries, economic activities [1], or communities
and are most strongly linked to the need to protect the environment and the associated
reduction of the carbon footprint of human activities to reduce the drivers of climate change.
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Pro-environmental action is currently a priority in the development strategies of the world’s
economies. Environmental protection has set an acceptable framework for development, in
line with the concept of the sustainable approach, which concerns a number of dimensions
of socio-economic life, strongly affecting, among others, the energy industry.

Activities to protect non-renewable resources (fossil fuels), combined with the gradual
reduction of conventional energy production systems with substantial negative environ-
mental impacts (discharges, emissions), have been supported by activities to develop
renewable energy. These are important aspects of caring for the planet’s life, counteracting
the progressive disruption of water management due to the overexploitation of natural re-
sources and the destruction of ecosystem functioning. The energy transition of the world’s
economies is an important topical issue, anchoring the choice of the review topic.

The need to promote the development of energy markets towards renewable energy is
motivated by environmental considerations and the economic conditions created against
this background. The scarcity of natural resources determines an increase in the cost of
acquiring non-renewable energy resources. The cost of carbon dioxide emission allowances
in connection with conventional energy production is also rising, creating high energy
purchase prices on the market. The outbreak of war in Ukraine reinforced the growing
energy crisis. There has been a dramatic increase in energy prices in countries dependent on
fossil fuels. The importance of green sources of energy supply has gained momentum. The
orientation towards sustainability and sourcing energy from renewable sources has become
a focal point of modern energy policies. This is particularly true for the countries bordering
the Ukrainian war line, which inspired an effort to undertake a literature review of green
energy issues in Poland and Lithuania, informing the development of the renewable energy
market in these countries.

This literature review will highlight the role of renewable energy sources with a
focus on wind energy in the energy security of Poland and Lithuania, as well as outline
the importance of this energy source in transforming energy markets in these countries.
The above addresses the identified gap in the RES market development considerations
in Poland and Lithuania with respect to this country combination. This will reveal the
directions for additions to the literature on the areas most in need of strengthening the
potential for pro-development activities in this sphere in the process of moving away from
conventional—harmful and uneconomic—energy production in these countries.

An introduction, a main body of the review and conclusions structure the paper.
The explored arrangement of neighbouring countries with similar economic conditions
determines the scope of this review. The main review module contains a literature review
outlining the background of the energy transition to the changes taking place in the world,
which gives this section an introductory character to the topic. This is followed by a review
of the literature exploring the theme of wind energy in the transformation of the energy
systems of the countries adopted for the review, regarding the thesis adopted for the review.

The concept of the review is based on a critical appraisal of the available literature,
including industry reports and statistical materials relating to the energy market in Poland
and Lithuania. Literature resources were obtained by searching databases including Scopus,
Google Scholar, Web of Science, and Eurostat, among others, using a compilation of a set of
keywords including: “energy transition in Poland and Lithuania”, “RES energy in Poland
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and Lithuania”,, “energy security in Poland and Lithuania”, “RES development in Poland
and Lithuania”, “wind potential in the RES market in Poland and Lithuania”, “wind energy
in Poland and Lithuania”, with the term “Poland and Lithuania” used individually for
each country in the search process, i.e., “Poland” and “Lithuania”.

The literature review involved selection in determining the relevance of the selection
in relation to the adopted evaluation objective. The above is to assess the available literature
resources to identify the needs for the further penetration of the RES market in Poland
and Lithuania to reduce the diagnosed information gap in relation to the adopted country
layout. With the above in mind, a literature review was carried out according to the
thematic areas related to the countries adopted for the review:
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x1—energy transition—essence, determinants, objectives, regulations,

xp—Trenewable energy sources in the energy system of countries—share of RES in the
energy mix, orientation towards RES,

x3—wind energy in the energy system of countries,

x4—onshore wind energy in the energy system of countries,

xs—offshore hydropower in the energy system of states,

xg—wind energy—solutions for the energy industry,

xy—wind power—solutions for small individual investors,

xg—economic conditions of renewable energy development in countries,

xg—environmental and social aspects of renewable energy development in countries.

The next stage of the assessment of the available literature was related to the dimension
of problem clarification:

H—high (comprehensive) level of explanation of the problem,

M—average (medium) level of explanation of the problem,

L—low (basic) level of problem discussion.

The categorisation of the level of problem elucidation reveals niches in the body of
literature that can inspire further legitimate research challenges.

An overview of the results is discussed in the conclusion.

The combinations of words used in the literature search and the literature adopted
for the evaluation, as well as the arrangement of the countries, created limitations on the
review, giving it a general character in order to develop general conclusions in the area of
needs and potential for additions.

2. Poland and Lithuania in the Light of Renewable Energy Development—Literature Review

2.1. The Energy Market in Light of Contemporary Environmental and Economic
Challenges—Introductory Literature Review

Uninterrupted access to energy is a key determinant of the efficiency of societies and
economies, as pointed out by M. Palonkorpi, S. Bigerna et al., or A. Mazur et al. [2-4], as well
as a leading determinant of the development of markets, as highlighted by M. Ben Jebli et al.,
F. Amri, or A. Menegaki et al. [5-10]. However, energy security, considered an essential
criterion for the effective existence of states, is raised most strongly in the literature, as
emphasised by C. Flaherty et al., P. D. Williams, C. Winzer, or F. Hedenus, among others,
treating its maintenance as an absolute necessity [11-14]. The environmental dimension is
also important, as pointed out by J. Wozniak et al., D. E Burchart-Karol, or H. Brauers, among
others [15-18]. The above, through the prism of the need to reduce discharges and emissions
due to the conventional formula of electricity production, contributes to the reduction
of traditional forms of energy generation and the search for alternatives in the sphere of
deriving energy from renewable sources, as emphasised by A. Rehmann et al. [19] among
others. Hence the strong orientation of the world’s economies towards renewable sources of
energy supply in energy systems, as pointed out by M. Panait et al. or A. Apostu [20,21].
This orientation is expected to contribute to lower energy prices (cheap, green energy)
and, through uninterrupted access to diversified, renewable sources, increase the energy
security of economies relying on these solutions. A not inconsiderable argument in this
measure is the low carbon intensity of production, of key importance for the environment,
as emphasised by S. Baskutis et al. [22].

The benefits associated with obtaining energy from renewable sources convince the
world to take up the challenge of transforming existing energy systems [23] in this direction.
The energy policies of economies are being revised, and environmental targets, oriented
towards decarbonising the energy sector—motivated by increasing environmental charges
from emission allowances—are prompting increased action.

The trend towards RES is presented by a number of regulations addressing the issue
of sustainable development, including, for example, those relating to United Nations
member states (e.g., The 2030 Agenda for Sustainable Development [24]) or European
Union member states (e.g., Directive 2009/28/EC of the European Parliament and of the
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Council of 23 April 2009 on the promotion of the use of energy from renewable sources [25]).
The shape of the challenges faced was determined by successive directives setting targets
for creating a RES share in the energy mix, correlated with environmental targets oriented
towards reducing emissions. The aim of such a policy is sustainable development [26], in
which the decarbonisation of electricity systems plays a key role and increasing the share
of RES sources increases their flexibility, security [27-29], and economic efficiency [30],
as well as increases the possibility of energy cooperation between economies [31]. The
aspects of modernity, sustainability, reliability, and low price of renewable energy are
highlighted in the literature, as emphasised by, among others, B. Surya et al. [32], with
A. Cherp et al. [33] linking low price to energy security and G. Bahgat seeing RES as
having the potential to strengthen the energy self-sufficiency of economies while improving
environmental performance [34]. W. E. Rees and I. Overland, on the other hand, point out
that the development of a market for energy derived from renewable sources contributes
to strengthening the competitiveness of the actors in this market [35], creating, as a result,
the attractiveness of economies [36].

Moreover, the social dimension of this activity is important [37], referring to the
political, economic, social, and technological aspects captured in the PEST assessment [38,
39]. It should be emphasised that the economic, environmental, and social dimensions
form the backdrop for sustainable economic development [40], an integral part of which
is the sustainable development of the energy market. Herein, economic growth grows
against a background of ecologically responsible action in the processes of creating social
progress [41] (low carbon, resource efficiency) [42], creating, as L. Aldieri notes, a new
quality of life, based on conscious social expectations [43], creating a new dimension of
values. Energy sustainability has become a common challenge in the world.

2.2. Poland and Lithuania in the Light of Sustainable Development Policy

Revisions to the legal regulations in the sphere of energy production in the European
Union marked the orientation towards renewable energy sources. On 27 September 2001,
Directive 2001/77/EC of the European Parliament and the Council on the promotion of
electricity produced from renewable energy sources in the energy market of the European
Union came into force [44]. Regulations affecting a number of areas of the economy
were also amended, including, among other things, in the area of transport—Directive
2003/30/EC of the European Parliament and of the Council of 8 May 2003 concerning the
use of biofuels or alternative renewable fuels for transport [45]. Activities aimed at the
promotion of renewable sources resulted in the establishment of a target in 2009 of 20%
shares of energy from renewable sources in the energy mix of EU countries by 2020, under
Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on
the promotion of renewable energy sources [25]. A new look at renewable energy sources
has initiated a current of change.

The review of the adopted EU energy policy points to the strategic objective of strength-
ening the member countries’ energy security and enhancing the innovation, integration,
and efficiency of the internal energy system by orienting it towards RES sources on the
way to its decarbonisation [27]. These objectives are captured in the EU Energy Strategy
established on 25 February 2015, orienting energy generation at competitive prices towards
a sustainable energy market [28,46], a future consequence of which was the adoption of the
Clean Energy for All Europeans programme [47].

The European Union’s formal and legal framework in the sphere of energy policy
is subject to periodic revisions. In 2018, the promotion of renewables was strengthened
(Directive 2018/2001 of the European Parliament and the Council (EU) [48]), and the targets
related to the share of RES sources in energy production in 2030 in at the Member State
level were increased to 32% [49]. 2019 resulted in the establishment of the ‘European Green
Deal’ [50], and, in 2021, it resulted in another higher target of 40% for the share of RES in
countries” energy mixes by 2030 [46], as well as a target of 55% emission reductions by 2030
relative to 1990 performance [51].
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Formal and legal regulations at the European Union level constitute the source of
law at the level of economies creating the community market. The objectives arising
from sustainable energy development set the directions for modelling national energy
policies, to which EU Member States are obliged to follow. Poland and Lithuania, the
countries accepted for this review, are obliged to implement the guidelines for developing
energy systems at the national level. Supporting initiatives in the area in question is the
EU Renewable Energy Financing Mechanism, among other things, under Commission
Implementing Regulation (EU) 2020/1294 of 15 September 2020) [52]. K. Krumins et al. [53]
point out that Poland and Lithuania are applying to the EU for increased funding to protect
against the financial impact of the policy in the form of increased energy prices for citizens.

The EU’s sustainable development policy has created major transformational chal-
lenges for Poland, as the reliance of energy production on coal is rooted in the country’s
history [54]. As recently as 1960 to 2008, coal powered more than 90% of the energy system,
only to break even in 2010, reaching a slightly lower level [55]. In 2016, the importance of
coal for modern development was still strongly emphasised, and it was pointed out that it
should be maintained as the main source of energy supply in Poland until 2050 [56].

M. Kuchler et al. pointed out that, in 2011, reserves of hard coal (of increasingly
lower quality) in operating mines in Poland were estimated to last until 2035; hence, the
need to remodel Poland’s energy system has become a more urgent domestic need for
the country [56]. J. G. Schiavo et al. drew attention to the fact that Polish coal is charac-
terised by a high sulphur content, which, in conjunction with the classic infrastructure,
generates emissions that strongly shape poor air quality [57]; hence for years, there has
been strong pressure to reduce this source of energy supply [58], which, as indicated by
W. Budzianowski et al. was declared to reach a level of approximately 60% by 2030 [59].
This is motivated by EU restrictions related to the CO, emission limit, wherein—according
to the ‘Clean Energy for All Europeans’ initiative—its limit was set at 550 kg/MWh, which
determines the eligibility for subsidies or grants [60]. Among other things, due to severe
environmental pollution, progress in the implementation of the declaration of reducing the
scale of energy production from coal in Poland is of interest to the international community,
evident, for example, in the considerations of T. Zhao et al. [61].

Changing the energy system according to the current standards requires an orientation
towards the practical implementation of carbon capture and storage technology, reducing
Co, emissions in coal-fired power generation [62] by 90%, through its absorption and
storage, as well as an opening to solutions from the area of low-carbon nuclear energy and
energy based on renewable sources, increasing the capacity and energy efficiency of the
system [63]. In this regard, Poland has made declarations to implement by the end of 2020
a 15% share of RES in the energy mix—with the possibility of purchasing CO, emission
allowances from countries with a surplus of green energy vis-a-vis EU targets—and to
increase the share of biofuels in the fuel market to 10% [64]. Subsequent revisions of EU
regulations resulted in the EU ETS blocking the possibility of supporting Polish mines with
funds from the Modernisation Fund [65]. Opening up to renewable energy has become an
absolute necessity, which is more clearly emphasised in energy policy by, among others,
A. Michalak [66].

The direction for developing renewable energy was pursued by orienting efforts to-
wards investments in wind power plants and solar energy installations—explored among
others by J. Jurasz et al. [67]—as well as hydroelectric power plants. In addition, the
Polish renewable energy market has seen the launch of power plants deriving energy
from biomass, discussed by A. Jezierska-Thole et al. [68], biogas plants and geothermal
installations. Substantial attention was paid to the aspect of the creation of a formal and
legal framework towards the construction of power plants deriving energy from the poten-
tial of the Baltic Sea (offshore wind farms), as well as the investment conditions for RES
development at the institutional and consumer level [69]. These aspects were supported by
funding sources, obtained from the European Union, and national instruments oriented
towards financing RES solutions, considering environmental protection measures. The
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tax policy aspect, offering a tax rate reduction or exemptions from this burden, was not
without significance. The fundamental aim of such action was to orient towards increasing
the degree of energy self-sufficiency and creating energy security, combined with envi-
ronmental protection and improved quality of life [69]. In addition, the motivation for
the development of this field of energy has been the declaration of price guarantees for
renewable energy tariffs [70-72].

Lithuania’s sustainable energy development objectives fully correspond to the Euro-
pean Union’s energy strategy; hence, the main challenges were identified as: [73]

- increasing the country’s energy security in connection with the process of phasing out
fuel imports from Russia—among other things, through the exclusion of the “Brell”
energy hub and energy integration, in connection with the synchronisation of the
national grid with the community transmission network by 2025,

- increasing energy security through the dispersal of energy supply sources, with
particular attention to increasing RES sources in the national energy balance and
increasing the country’s energy efficiency,

- reducing traditional forms of energy generation in connection with environmental protection,

- energy innovation through an orientation towards new technologies in the energy
industry, increasing the level of the environmental safety of energy production and
optimising the cost of generation.

An intense energy transition process has increased energy self-sufficiency in Lithuania,
allowing commercial energy production to support the energy systems of neighbouring
countries (Poland, Finland). This is an important achievement as, for several years, domestic
production covered only 5% of consumption.

The energy transition towards renewable energy sources and innovative generation
technologies is expensive. Major investments relate to the technical and technological di-
mension, enabling the efficient and effective functioning of the energy market in Lithuania,
where the grid’s capacity (determining the supply chain capacity) creates the country’s
energy security.

The energy transition process in Lithuania is 75 per cent supported by European Union
funding for this purpose, with an allocation of EUR 564.4 million for the period 2014-2020,
with the cost of network synchronisation representing an investment of approximately
EUR 1.5 billion [74]. The modernisation of Lithuania’s energy system infrastructure by
2027 places an investment burden of approximately EUR 2.1 billion on the main grid and
pipeline operator; hence, the main objectives are [74]:

- raising the share of RES in Lithuania’s final energy consumption to 45% by 2030 and
80% by 2050,

- increasing the share of RES in Lithuania’s energy production to 70% by 2030 and 100%
by 2015.

The interest in Lithuanian energy imports strongly motivates the deepening of RES
development activities. One dimension of this activity is wind energy, implemented, for
example, in an international arrangement in cooperation with Poland.

There are many directions for developing renewable energy [75-80]. Among the most
popular is wind energy [81], mentioned just after solar energy [82]; the recognition of
the status of development in Poland and Lithuania will be further reviewed within the
framework of this study.

2.3. Wind Energy on the Renewable Energy Market in Poland in Light of Literature Findings

Energy extraction from wind is not a new topic [83]. The orientation towards the
search for renewable energy sources in relation to the need for environmental protection has
contributed to the development of this field of the energy industry—particularly strong in
the period 1999-2006 and 20162020, with steady growth observed over these periods [84].
With the development of wind power, the environmental advantages of such solutions have
been strongly emphasised in the literature. For example, W. M. Lewandowski highlighted
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the aspect of emission reductions (5500 Mg of sulphur dioxide, 4222 Mg of nitrogen oxide,
700,000 Mg of carbon dioxide and 49,000 Mg of a mixture of harmful dust) in connection
with the production of 1 TWh of electricity [84], I. Soliriski emphasised the economic signif-
icance of the high energy intensity of this power supply in energy production (3.5 MJ/kWh
compared to 13.0 MJ/kWh of energy obtained from coal) [85]. The above as further studied
by Y. Kumar et al. or M.D. Esteban [86,87]. The aspects indicated are extremely impor-
tant, particularly for the Polish energy industry, which faces the problem of high levels
of harmful emissions into the atmosphere, combined with high (and increasing) energy
prices on the market. Improving solutions in the sphere of wind energy increases the
interest in this dimension of RES [88,89] and strengthens the economic justification of such
projects, as indicated by K. Talarek et al. citing the findings of the report: Wind Energy
in Poland 4.0 2022, defining the outlay for acquiring 1 MW of installed capacity at a level
oscillating around EUR 1.5 million—assuming the production capacity of the equipment
for 20-30 years —and the position of the International Renewable Energy Agency in this
regard [90,91]. The above justifies the development of the energy industry in the discussed
direction [92], in connection with the implementation of the energy system transformation
policy, wherein the total global installed wind power capacity exceeds 750 GW (with a
strong offshore wind share of more than 50 GW). The leaders among European countries
include Denmark (49.7%), Ireland (22.9%), Portugal (22.3%), and Spain (17.7%) [90].

M. Mana et al. emphasise the importance of adequate wind resources’ availability in
assessing the appropriateness of orienting the energy system of an economy towards wind
power [93,94]. In this respect, Poland enjoys good resources to enable an energy transition
towards RES development, including wind energy.

The development of wind energy in Poland has been progressing since 2000, with
intensification since 2009 continuing (Figure 1) [95].

Development of wind energy in Poland over the years
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Figure 1. Development of wind energy in Poland.

According to the findings of P. Zhao et al. [94], the installed capacity of onshore wind
installations in Poland amounted to 6.35 GW in 2020, and the share of wind energy in RES
in 2021 amounted to 57.14% (16 TWh), with a 15% share of RES in Poland’s overall energy
supply volume. Referring to data from the Energy Market Agency, at the beginning of 2022,
the installed capacity of wind farms in Poland oscillated around 7118 MW, indicating a
nearly 11% year-on-year increase in the volume of connected capacity [96]. At the same
time, it should be emphasised that the share of wind in Poland’s energy supply sources is
11% and that the share of wind installations in the energy production structure in Poland
in 2022 exceeds 9.3% [97].

The development of wind energy was disturbed by the establishment of regulations
at the Polish level in the form of a distance law, limiting the siting of wind farm facilities
to 10 times the distance from buildings concerning the height of the installation. As a
consequence of the regulations in question, there has been a decline in the number of
investments, translating into limited dynamics in the development of this market. The
abandonment of these regulations was set for 2022, which, as of this study’s date (November
2022), is still the subject of analysis and discussion in Poland.

A strong potential for the development of the wind energy sector is seen in the
sphere of drawing on the wind resources created by the Baltic Sea—as signalled by
K. Proniniska et al. [98], whose potential in this respect exceeds 90 GW, as pointed out
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by A. Farkas et al. [99]. According to the Wind Europe Report “Offshore Wind in EU
Maritime Spatial Plans” of 19.1.2022, Poland’s share in the economic zone in the Baltic Sea
is 12% (3600 km?) with a power potential of 17.2 GW [100]. This direction of development
is accentuated within the framework of the energy development policy until 2040, accord-
ing to which the share of wind energy in RES in Poland is to be continuously increased
through, among other things, investments in offshore wind farms, the commissioning of
which is planned for 2024. [101]. By 2030, Poland plans to have offshore wind farms with
a total capacity of 5.9 GW [102]. This dimension of energy development is supported by
international cooperation, strongly reinforced during the energy crisis.

Wind energy development towards solutions dedicated to individual, small-scale
investors is very underdeveloped in Poland. In light of the diagnosed interest in supporting
the energy supply of individual consumers with wind energy solutions [81], it is worth
strengthening this dimension of activities. In addition, literature additions are necessary to
support systems for the development of this dimension of the market (regulations at the
level of the national economy), as the discussion on this topic is extremely poor. The search
for solutions and the argumentation for their application in practice should strengthen the
interest in the topic, which, with an in-depth scientific discussion, could result in a more
intense interest in the development of this sphere.

2.4. Wind Energy in the Energy Market in Lithuania Based on a Literature Review

The development of the renewable energy market in Lithuania is steadily progressing.
The country’s high share of RES in the EU energy mix is noteworthy, reaching 81.1% in
2019 [103]. Wind power plays an important role in Lithuania’s energy system, exceeding
a 45.5% share of renewable energy production in 2021 by supplying 1.3 TWh of energy,
equivalent to about 11.5% of its total energy demand, with wind installations estimated
to account for about 60% of RES sources in terms of installed capacity, with a capacity of
671 MW [104]. N. Blazauskas et al. and J. Jankeviciene et al. indicate that the Lithuanian
energy industry is betting on wind [105,106]. The development of the wind energy industry
in Lithuania has been progressing since 2003, with an increase since 2008 continuing
(Figure 2) [107].

Development of wind energy in Lithuania over the years
1000

500 4”—/_.———/

0

Power

03 04 05 Oe O7 08 09 10 11 12 13 14 15 16 17 18 19 20 21

MW Year

MW

1000

500

_‘-—-‘—_/f

03 04 05 O ©07 08 09 10 11 12 13 14 15 16 17 18 19 20 21

0

a— W

Figure 2. Development of wind energy in Lithuania.

According to the assumptions, a 300% increase in the share of wind power in the
country’s energy system is planned in a relatively short period (by 2030) in connection
with the realisation of the goal of a full energy supply based on RES sources in 2050; hence,
investment projects with a total capacity of more than 800 MW are being implemented in
a number of regions in Lithuania [105]. In this regard, ]J. Jankeviciene et al. underline the
target of a 21% RES share in Lithuania’s total electricity production by 2030 [106, 107]. Tthe
recently commissioned wind farm built 30 turbines with a total capacity of 73.5 MW [81].
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Lithuania’s greatest potential for wind energy development is seen in the wind resources
generated in the Baltic Sea. According to the WindEurope Report ‘Offshore Wind in EU
Maritime Spatial Plants” of 19.1.2022, Lithuania’s share of the economic zone in the Baltic
Sea is 9.4%, (664 km?), with a capacity potential of 2.4 GW [102]. According to the current
regulations of the Lithuanian Parliament on offshore wind energy development of 31 March
2022, the first Lithuanian wind farm in the Baltic Sea is to be built by 2028 [108]. Investment
in wind energy is the right direction for developing the country’s energy system. Indeed, it
should be emphasised that, in response to Lithuania’s energy needs, the scale of energy
imports until recently oscillated around 60% of the energy consumption level [109]. Hence,
to increase the affectivity of the planned installations, numerous analyses of wind energy
have been considered for years, especially those relevant to end consumers [110].

3. Discussion

Energy demand in the world is increasing. According to the contemporary strategy for
developing Europe’s energy system, a major part of the energy demand must be met from
RES sources. B. Bepary et al. and M. Tsili et al. point out that a significant potential in this
regard is created by wind energy [111,112]. Hence, numerous studies are being undertaken
in the spheres of:

(a) technical (availability of wind resources),

(b) economic (economic justification of investment in wind energy),
(c) environmental (impact of wind installations on the environment),
(d) social (community assessment of wind energy development).

In the technical sphere, the potential of wind resources is examined in relation to
existing or developing wind power installation solutions. In the case of Poland and
Lithuania, the orientation towards offshore wind farms is assessed very positively from the
perspective of the current and future energy potential offered by offshore wind in the area,
which is forecast to grow continuously [113].

The location of wind farms is an important consideration. In addition to the availability
of wind resources, an analysis of the eligibility of the land for this purpose and the exemp-
tions associated with the investments is required, as pointed out by A. D. Seeporsdéttir [114].
Another important factor is landscape changes, which create public opposition to the con-
struction of wind farms to the greatest extent, as noted by E. Tumeliené [115]. Strong
social resistance to wind installations is also accentuated by S. Eltham et al. [116], and it
is created, among other things, by the noise generated by the operation of turbines—as
emphasised by 1. Van Kamp [117]. The objection is also created by the fear of the negative
effects of magnetic fields and infrasound [118] on human and animal health, as emphasised
by S. Smallwood et al., R. Drewitt et al., and J. Wyrobek et al. [119-121]. Available sources
indicate the occupational risks of working around turbines (e.g., N. Karanikas et al.) [122].
J. S Chou et al,, in turn, point to risks during construction and failures during turbine
operation creating a bundle of risks [123]. The impact of turbine operation on the environ-
ment is continuously studied. Another dimension of the public discussion is the economic
aspect related to the change in land values in the vicinity of wind installations—an above-
average increase in land prices for wind investments and an equal decrease in prices for
housing [117]. However, there are positive arguments to justify wind energy development
and the legitimate trend of transforming energy systems towards RES. A fundamental
consideration in favour of developing wind energy infrastructure is the economic benefits
associated with the production of cheap, clean energy. Research by D. Streimikiene reveals
that only 10% of surveyed households in Lithuania use RES solutions in their homes. In
contrast, most of the surveyed population would like to use green energy in everyday
life [124]. In this respect, there is significant potential for solutions in wind installation for
small individual users. In general terms (ideologically), the development of wind farms
enjoys public interest and support. Wind micro-installations of 3-5 KW are assumed to
be more efficient than the photovoltaics popular in Poland and Lithuania (+200-300%),
while a combination of wind and solar (hybrid) may prove to be the most economically
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viable solution [125]. The above is fully corroborated by a study revealing 71% interest
among owners of PV micro-installations in further developing their solutions towards
wind micro-installations to optimise electricity prices for individual consumption [81]. The
lack of a sufficient discussion of the wind micro-installation strand in the literature and the
lack of the adequate promotion of the solutions in question results in the low development
of this strand of the energy market. By mid-2021, less than 80 micro-installations had
been built in Poland; hence, Polish producers of the solutions in question were directed to
promote them in neighbouring markets, e.g., in Lithuania, to unlock the development of
this field [81].

Growing public support and interest in the RES dimension [37] motivates activity.
Hence, challenges are undertaken to strengthen the activity to derive energy from wind
for practical purposes, continuously improve the technology for its extraction, and to
optimise the results obtained in this process, as mentioned by M. Rebe et al. [126]. In
this sphere, directions for improving existing technologies are analysed—as emphasised
by J. Ziegler et al. [127]—as is the dimension of the economic justification for maintaining
older, less efficient farms [121]. In doing so, it is worth emphasising more strongly the need
to develop wind energy on a micro level.

4. Conclusions

A review of the literature on the RES market in Poland and Lithuania—with particular
emphasis on wind energy—reveals the achievements of the discussed economies in this
sphere, giving rise to the following main conclusions:

1. Poland and Lithuania are strengthening the share of RES in the countries” energy
mixes. The share of wind energy in RES sources in Poland reached 11% at the
beginning of 2022, while in Lithuania, it reached 45.5%. The installed capacity of wind
turbines in Poland has reached 671 MW with 2020/2021 y/y growth dynamics of
24.25% and 7.306 MW with 2020/2021 y/y growth dynamics of 10.46%.

2. The development of wind energy in both Poland and Lithuania is strongly concen-
trated around the wind resources of the Baltic Sea, whose capacity potential for Poland
is 17.26 GW, with a 12% share in the economic zone, and for Lithuania is 2.4 GW, with
a 9.4% share in the economic zone.

3. The Polish and Lithuanian wind energy market does not fully exploit the demand
potential of micro wind installations for small-scale energy consumers. Increasing
the share of RES sources through small-scale investors may create a noticeable in-
crease in installed capacity—which is important from the point of view of meeting
sustainability targets; moreover, it may significantly reduce the price of electricity for
current consumption, which is the main motivation for acting in this field. However,
this niche requires a more complete diagnosis, enabling an appropriate response (in
the spheres of information, technical-technological and financial support), tailored
to this group of consumers. Strengthening the literature in this area may increase
the potential for changing attitudes among energy consumers, manifesting a higher
openness to RES solutions.

The literature studies on wind energy in Poland and Lithuania strongly emphasise
the analysis of trends in energy policy changes and strengthening the share of renewable
sources in the energy systems of both economies. In this context, the general (overview)
information in this field should be considered the most informatively attractive and, thus,
the most fully developed.

An overall assessment of the available literature in wind energy in the established
country system indicates the need for additions. The number of studies referring directly
to wind energy in Poland or Lithuania is very modest. These issues are mostly addressed
in broader analyses, and the information presented is very general. Therefore, in order
to explore a given issue, it is necessary to rely on general findings in the field of wind
energy, with the necessity of supplementing them regarding detailed data contained in
industry reports published at the level of economies or, more broadly, of the European
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Union and the world. The availability of general studies provides a basis for the creation
of general conclusions, which reveals an important set of research challenges for filling
the diagnosed information gap. A particularly challenging area of literature additions are
aspects related to the analysis of wind energy solutions for small investors. These issues
are addressed in only 1.52% of the reviewed literature. Also in need of additions is the area
of the problematic impact of wind turbines on the environment, including a detailed and
multifaceted risk analysis, as well as the analysis and evaluation of the public’s stance on
the construction of wind farms. Both strands (taken together) are addressed in less than
10% of the surveyed literature. These threads are closely connected, corresponding to the
regulations adopted in Poland regarding conditions for the construction of wind farms
(the Distance Law). In addition, the formal and legal framework—much discussed in the
literature (45.80%)—should be expanded with studies touching upon the profitability of
wind energy investments, considering resource and location conditions, in comparison to
the current energy demand and price. Economic determinants of wind energy (in various
dimensions and references) are addressed in the literature.

Relating the literature review to the aspects and scopes of assessment adopted in
the introduction provided a basis for establishing the areas that the literature presents at
a high level in terms of clarifying the problem at an average level or a low level (basic).
The structure of the distribution of the variables, according to the criteria adopted in the
introduction (x1-x9), together with the assignment to typological groups (according to
the threads taken up; possibility of multiple assignment of the source to a category), has
generated conclusions:

1. high level of discussion—grade H (score exceeding the 20% level) covers the issues of:

- energy transition—essence, conditions, goals, regulations (x1),

- renewable energy sources in the energy system of countries—share of RES in the
energy mix, orientation towards RES (xp),

- wind energy in the energy system of countries (x3),

2. average level of discussion—grade M (score oscillating between 10-19%), covers
the topics:

- onshore wind energy in the energy system of countries (x4),
3. low level of discussion—grade L (result oscillating within 0-9%), includes the topics:

- offshore hydropower in the energy system of countries (xs),

- wind energy—solutions for the energy industry (xg),

- wind power—solutions for small individual investors (xy),

- economic conditions of renewable energy development in countries (xg),

- environmental and social aspects in relation to renewable energy development in

the states (xg).

A high level of discussion of the research thread indicates a high level of interest in
the specific issue, giving grounds for considering it an important topic.

Alow and average explanation of the problem reveals niches in the literature that may
inspire further legitimate research challenges. The distribution of results is presented in the
Figure 3.

Level of exploration a research thread in the literature

50
40
30
20

category layout

quantity

x1 x2 x3 x4 x5 x6 x7 x8 X9
—e— Category H 45.8 20.61 222
Category M 10.68
Category L 8.3 7.63 1.52 2.29 9.35

Figure 3. Level of exploration and research threads in the literature.
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The review of the literature in wind energy in Poland and Lithuania confirms the
thesis adopted in the introduction that there is a literature gap in this area. The outlined
need for scientific recognition is important for strengthening the ongoing transformation of
the energy market. Particularly important is the dimension of the analyses of the economic
basis of wind turbine investments, analyses, and environmental assessments of aspects
related to wind energy generation, combined with the assessment of public sentiment in
this regard. In doing so, it is important to strengthen the literature recognition of the micro
wind dimension, which is the main recommendation of this review.

The analysis and evaluation of the literature reveals that interest in the subject matter
is growing. Literature items from the last 5 years constitute almost 63% of the total number
of studies analysed (the analysis of the study periods is presented in Figure 4).

Popularity of wind energy issuesin literature over the years

—/_——//

1999-1974 2005-2000 2011-2006 2017-2021 2022-2018

year

100

quantity
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Figure 4. Popularity of wind energy issues in the literature over the years.

The above should be considered the right direction for scientific research. Wind
resources are an important and promising direction for strengthening renewable energy
sources in the energy market in Poland and Lithuania.

This review has revealed that, although the development of renewable energy markets
in Poland and Lithuania is at an early stage, a strong policy framework and increased
investments are necessary to ensure successful growth in the energy transition of the two
countries. Furthermore, the compilation of information on energy market development in
Poland and Lithuania can provide informative support in the process of reviewing adopted
policies at the government level. In this respect, the importance of establishing precise
dimensions of RES development as a basis for the creation of financial support programmes
at the governmental levels, in the areas that most need it, is underlined.
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