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Abstract: The topic of the article considers the functioning of the renewable energy (RE) sector in
Poland. This is really important in the context of the energy transition of the national economy
because it influences the creation of modern technologies and increases the competitiveness and
innovation of the country. Poland is in a process of energy transition where the RE sector has been
developing for two decades. The authors aimed to research the RE sector improvement possibilities
in Poland, including the influence of this sector on chosen social and economic aspects. Because of
this research’s aim a critical situation assessment of RE in Poland was conducted and a survey of a
group of experts in this field was also involved. Legal, physical and mental determinants and their
influence on RE sector were looked into. In the legal determinant context a necessity to simplify
relevant legislation acts in Poland was found. Undoubtedly there is a need to improve several legal
acts, including the Distance Act. In physical determinants it was found that solar, wind and biomass
energy have the biggest chances for development. In the case of mental determinants the authors paid
attention to the need of educating the public about using and obtaining energy. It is also important to
make people aware how the RE sector influences the low emission economy positively. This will
improve the creation of new jobs and reduce the emissions of harmful substances to the environment.

Keywords: energy transition; renewable energy sector; low-emission economy; decarbonization
strategy; prosumers

1. Introduction

The end of the twentieth century saw a dynamic development of globalization pro-
cesses [1-3]. The changes caused by the progressing globalization mainly concern the
increase in interdependence between economies, changes in the functioning of selected
markets and institutional changes [4-8]. Undoubtedly, the globalization processes have
led to systematic socio-economic development in most world economies, combined with
a significant increase in the level of innovation, the level of investment outlays and the
level of foreign direct investment [9-16]. Globalization processes have also contributed to
the emergence of new lifestyles and consumption styles [17-20], which together with the
increase in the wealth of the society and the level of innovation in enterprises contributed
to the creation of the renewable energy (RE) sector, which is one of the fastest developing
branches of the world economy [21-25]. Currently, there is a systematic increase in the RE
sector in terms of production and research, which results in the increase of efficiency in
sourcing RE and the decrease in the prices of RE sector installations, which simultaneously
contributes to its further development. RE sector development is an impulse towards
further research and introduction innovations.

The topics discussed in the article concern the energy transition in Poland, with
particular emphasis on the development of the RE sector. The subject is important from the
point of view of Polish energy policy. In Poland, the current functioning of the energy sector
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is based on the use of coal. The functioning of the energy sector based on one dominant
raw material in the form of coal is risky in many aspects. There is a threat of disruption
to the supply of electricity from a technical point of view (black), there is a possibility of
disruption to the raw material supply chain as a result of political and economic reasons
in the world. There is also a probability that the use of this raw material in the energy
sector will be negated by society because of its high health impact on the population and
environmental degradation. This implies the need to carry out an energy transition in
Poland towards building a strong RE sector and a transition to a low-carbon economy. In
the case of energy transition processes, the issue of energy balance is important. Therefore,
the country’s energy policy should focus on the sustainable development of the RE sector
in Poland. Actions should be taken to strengthen the development of different RE sources.
In connection with geographical conditions in various regions of Poland, focus on the
use of appropriate energy sources in such a way as to optimise the efficiency of their use.
The inclusion of the energy balance issue in the energy policy also influences, through the
sustainable development of renewable energy, a significantly higher level of investment,
faster creation and transfer of innovations, faster commercialization of energy solutions
and greater popularization of the RE idea in the society.

Poland is a country in which RE sector has been developing for a dozen or so years [26].
The wind power (aeroenergy) industry and combustion or joined co-combustion of solid
biomass grew most rapidly till 2016. In 2016 the new law came into effect, limiting
development of aeroenergy and co-combustion. Currently, photovoltaics (PV) is developing
very fast. The number of energy prosumers is growing every month [27-31]. The total
electrical installed capacity of all RE installations in Poland exceeds 9500 MW in 2020,
however the distribution of these installations is not regular throughout the country.
The highest power is generated by Zachodniopomorskie Voivodeship (1800 MW), and
the lowest by Matopolskie Voivodeship (150 MW) (Figure 1) (according to the NUTS
2 classification, Poland is administratively divided into 16 voivodships).
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Figure 1. RE installations capacity in respective voivodships of Poland. Own elaboration based on
data from [26].

Poland has high economic potential in RE, what is presented in Table 1 [32]. This
means that there is a constant possibility for further development of this sector. It is worth
emphasizing, that besides the RE production itself, an industry connected with RE is
developing, which generates numerous economic advantages and job openings. Polish
investors, in spite of the bad legal conditions and the lack of investment support from the
state and the complexity of the administrative process related to the launch and use of
RE, present resourcefulness and engagement in building RE installations. Often their own
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ideas render the existing technology more efficiently. More and more investors develop
two and more sources of RE, e.g., using biogas [32] and PV panels [33].

Table 1. Economic potential of RE sources in Poland [32].

Electricity Production

Type of RE Economic potential
Onshore wind energy 65 GW
Offshore wind energy 20 GW
Heat production
Type of RE Economic potential
Solar energy used for hot water storage 14,193 TJ
Deep geothermal energy 4200 TJ
Heat pumps 8167 TJ
Biomass use
Type of RE Economic potential
Solid biomass from plantations 5,918,052 tons
Straw 1,740,724 tons

The main goal of the article is to assess the possibilities of RE development in Poland,
along with the potential of socio-economic consequences. The development of RE has
three major determinants: physical, legal (institutional) and mental (society awareness).
Mental determinant is derived from the society’s assessment of RE in Poland. The physical
determinant is created by geographical factors and the infrastructure that fosters RE sector
made by society. Legal (institutional) determinant, in turn, comprises of two elements: the
scope of the support of public and private institutions in the RE sector development and
the extent to which administrative and legal regulations forester this development. In the
article we will sequentially consider physical, legal and mental determinants according to
their potential influence on RE sector development.

As part of this article, a survey was carried out among a group of experts in the field
of RE in Poland. The survey was addressed to experts belonging to Facebook thematic
groups related to the subject of RE. A significant part of the people who create expert
groups on RE on Facebook are technical practitioners and work in the RE sector, as well
as specialists in the field of RE installations and issues related to energy production and
storage. Additionally, people belonging to expert thematic groups willingly engage in
discussions among themselves, share their knowledge, observations and thoughts. In this
way, experts broaden their knowledge of all possible factors for the development of the RE
sector, including physical, institutional and social factors. The subsequent analysis of the
experts’ assessments obtained on the basis of the questionnaire survey made it possible to
obtain knowledge about the state and prospects for the development of the RE sector in
Poland, while taking into account institutional and social aspects.

The aim of the study was achieved on the basis of a critical analysis of literature studies
on transition energy, an assessment of the current situation related to the functioning of the
energy sector in Poland and an analysis of expert opinions on the development of the RE
sector. As a result of the study, the possibilities for further development of the RE sector in
Poland were assessed and which RE source has the greatest potential for development. The
impact of the RE sector on the labor market and the development of low-emission economy
in Poland were discussed. The main factors inhibiting the development of RE in Poland
were also identified. It was also agreed what activities contribute to the development of
the Polish renewable energy sector. In the case of selected inhibiting factors and activities,
a detailed analysis of their potential impact on the development of the RE sector was made,
taking into account the institutional and social aspects.
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2. The Results of a Surveys on the RE Sector—A Literature Overview

The results of surveys published in the research has been conducted on “a random”
representative group. Social networking has not been used to carry such extended ques-
tionnaires concerning RE in Poland. In the presented survey a question has been posed
concerning the actions that should be taken to boost the RE sector development together
with place for respondents’ comments and observations.

Bojnec and Papler [34] conducted surveys on the RE sector. The analysis showed that
certain supplies of raw materials are very important in the RE technology. One should also
not forget appropriate promotional activities that will increase the society’s knowledge of
the RE. Appropriate knowledge will allow for sustainable energy development. Education
and promotion of RE is also very important in case of Poland. Education should be
conducted from an early age, from kindergarten on. It is children who will influence adults’
decisions. Educated children will demand the development of clean energy in the future.

The study by Hassan et al. [35] was aimed at assessing the attitudes of experts in
the RE sector, and more specifically wood biomass in India. The operation and further
development of a biomass power plant is associated with numerous problems both on a
local and national scale. The further development of bio-power plants also means new
opportunities for the further development of the RE sector [36]. The obtained results
are a compendium of knowledge about RE in India. It can be used by energy engineers,
politicians, as well as by parties interested in the development of RE in India and other
countries. In Poland biomass is also a very important source of RE. Biomass was the first
fuel used in Poland. It served and still serves as heating fuel, for cooking, as well as for
the production of electricity. Forty eight (48) biomass power plants with a total capacity
of 1364 MW are currently in operation in Poland. In addition, 33 power plants in Poland
cofire solid biomass, and two power plants-biogas operate co-combustion with fossil fuels.

Shoaib and Ariaeatnam [37] examined whether the implementation of the RE pro-
grams leads to the improvement of the economic and social conditions of communities
and ensures sustainable energy development [38]. The study presented by Alam et al. [39]
examined the current state of RE in Malaysia, problems and further development prospects.
One of the main problems is the lack of sufficient information on the RE, and the lack of
knowledge is related to the reluctance towards RE. Another problem is the insufficient
involvement of the private sector in the development of RE. Overcoming these problems
will allow for the sustainable development of the RE. To this end, the government is launch-
ing small-scale projects that fail to raise public awareness. Education of the society is also
important-for this purpose, universities introduce science about RE. Also in Poland, RE
faces many barriers that need to be overcome in the near future.

Small hydropower (SHP) [40] makes it possible to meet the energy needs of the
inhabitants of Nagqu in Tibet. In addition to the advantages, small hydropower also has
disadvantages-power plants struggle with low use of installed power. Small hydropower
also affects the local ecosystem. Small hydropower can be further developed in Tibet by
meeting the appropriate environmental conditions, the need to implement an appropriate
small hydropower sustainable development strategy. Due to numerous legislative and
environmental conditions, small hydropower has developed rather poorly in Poland. The
total capacity of the hydropower sector in Poland is 994 MW, and the number of small
hydropowers is 746 [38].

The article by Mubh et al. [41] presented that hydropower accounted for a large part
of Cameroon’s electricity needs. An “energy monopoly” situation has its drawbacks, as
it reduces the country’s energy security. Electricity outages are observed in rural areas
and far away from power plants. The authors believe that a RE mix should be introduced
in Cameroon, i.e., not only hydropower, but also solar energy, wind energy and biomass.
This will improve Cameroon’s access to electricity. Also in Poland, the RE mix should be
introduced and, additionally, energy storage.

Another study [42] analyzed the RE strategy in Pakistan. Much emphasis was placed
on identifying solutions that would secure future energy supplies. four scenarios were
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analyzed. The first assumed “business as usual”, the second the so-called “green Pakistan”,
the third one includes nuclear energy, while the fourth one is called “optimization”. The
result of the research is that RE technologies are the best solution, especially when operating
costs are optimized.

Zyadin et al. [43] conducted a survey among farmers in two regions of Poland: in
Silesia and in the Kuyavian-Pomeranian Voivodeship. The aim of the research was to
determine whether there are surpluses of agricultural and forest biomass that could be
used for energy purposes. The results of the surveys allowed for the preparation of GIS
(Geographic Information System) maps of surplus biomass in the studied regions of Poland.

In Poland, in the IPSOS Group S.A. (IPSOS) survey conducted in 2014 [44], 80% of
respondents considered the increase in RE production the best means to achieve energetic
safety and independence of the country. A majority of Polish society (88%) considers the
dependence on raw material imports from Russia a problem. The solution to the problem
of energetic dependence on other countries is both the increase of energy production from
renewable sources and the decrease in the consumption and energy losses (increasing the
energy efficiency). Approximately 90% of Poles believe EU countries should set common
binding aims to increase the participation in RE, and 89% believe it also to be true as far as
the goals in decreasing consumption and wasting energy.

A survey titled “Poles on energy sources, energy policy and environment condi-
tion” [45] conducted by Centre for Public Opinion Research (CPOR) has shown that among
all the energy sources, renewable sources of energy have gained the greatest trust (80%).
Moreover, 89% of respondents believe that RE will allow to improve the natural environ-
ment condition, especially the air. As the CPOR has shown, those who declare the interest
in investing in RE microinstallation for a house, are interested especially in generating
energy for their own needs. Almost three quarters (72%) of them declare the need of gen-
erating heat, and 46% electric power. Every tenth person interested in prosument energy
declared the intention of selling the energy to the network, at a “decent” price. As far as
the heating source is concerned, those considering their own energy production decisively
prefer solar collectors (76%), in the case of electric energy—PV installations selected (73%).
39% of respondents opt for the utilisation of both renewable and non-renewable sources of
energy, while those supporting only conventional sources are a significant minority (5%).

In Poland, the subject of building a nuclear power plant has been brought up recently,
with the Pomorskie Voivodeship to be one of the locations. For this reason, in 2016 Taylor
Nelson Sofres has conducted a research: “The attitude of Pomorskie Voivodeship residents
towards nuclear power” [46]. The respondents have been significantly seldom in favour
of nuclear power development in Poland (18%), or energy technology based on hard and
brown coal (12%). Almost three in four residents of Pomorskie Voivodeship (73%) believe
that the energy policy based on raw materials and renewable sources should be especially
developed in Poland. The need of energy and electric power conservation development
lies second according to the respondents (40%).

3. Energy Policy of Poland

The Council of Ministers of the Polish government officially approved on 2 February
2021 the document “Poland’s energy policy until 2040” [47], which is the formal basis for
the development strategy for the fuel and energy sector.

The overriding goal of the country is to ensure energy security in such a way as
to maintain the competitiveness of the economy. Important aspects are also: energy
efficiency and the lowest possible impact of energy on the natural environment. The energy
transformation that will be carried out in Poland will be:

just-will not leave anyone behind,
participatory, carried locally, initiated from bottom up—everyone will be able to partic-
ipate,

e focused on modernization and innovation-it is a plan for the future,
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e stimulating economic development, efficiency and competitiveness—it will be the
motor of economic development.

Zamr

Poland’s energy policy will be based on three main pillars: “Just transition”, “zero-
emission energy system” and “good air quality” [47]. In 2030, the share of coal in electricity
production will not exceed 56%. In plans is increase in the share of RE in all sectors and
technologies. In 2030, the share of RE in gross final energy consumption will be at least
23%—not less than 32% in electricity (mainly wind and PV)—28% in heating (increase by
1.1 pp per year)—14% in transport (with a large contribution of electromobility). Installed
capacity of offshore wind energy will reach approximately 5.9 GW in 2030 and up to 11 GW
in 2040. It is expected that the power of photovoltaics in Poland will reach 5-7 GW in
2030 and 10-16 GW in 2040. There will be energy efficiency, thanks to which primary
energy consumption will decrease by 23%. Further fight against smog is planned-to this
end, by 2040 individual customers will use the heat system or zero-emission heat sources.

The most anticipated energy technologies investment developments include:

energy storage technologies

smart metering and energy management systems
electromobility and alternative fuels

hydrogen technologies

The hydrogen market will be subject to development, supported by successive regula-
tory work and adjustment of support schemes for investment, research and development
activities and the evolution of domestic technological resources [47].

4. Description of the Survey and the Group of Experts

In accordance with the adopted purpose of the article, a questionnaire study was first
conducted, and then conclusions were drawn regarding the development of RE in Poland.
For this aim, questionnaires were sent to specialists in the field of RE gathered in thematic
groups on the Facebook platform. These are people who work in the RE, do research, or
install the RE privately. Experts were asked to determine RE sector potential in Poland
and assessment of development prospects of RE. The experts also pointed out what most
inhibits the development of the RE sector in Poland. In the open part of the survey, experts
sent their own suggestions about RE sector in Poland.

A survey research was carried from 1 May 2020 till 30 July 2020. The survey question-
naire was directed via Facebook at six thematic groups on RE subject:

Group 1 “Renewable energy” [48];

Group 2 “Renewable energy and energy efficiency” [49];
Group 3 “100% renewable energy in Poland” [50];
Group 4 “Passive house building” [51];

Group 5 “Energetics and new technologies” [52];

Group 6 “Fotovoltaics Hyde Park” [53].

Table 2 presents the questions from the survey questionnaire answered by the experts.
The results of the survey were compiled using IBM SPSS Statistics, version 26 (IBM, New
York, United States). Within the framework of the survey research 450 experts completed
the questionnaire correctly. The experts have been asked whether they are employed in the
RE sector (63.3% of people who answered stated that they were employed in the RE sector,
whence for 38.5% it is the main employment, and for 24.8% working in the RE sector is an
additional workplace (Table 2, question 1 and Table 3). Additionally, 26.5% of answerers
pointed out that they would like to work for the sector in the future.

High percentage of experts who own RE installations (46.2%) themselves or who
intend to establish such installations in the future (38.4%) has been observed (Table 2,
question 2 and Table 3). The gathered result show that the answerers not only have RE
knowledge but also a considerable number of them is employed in RE sector, or even owns
or plans to establish RE installations in their homes.
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Table 2. Questionnaire survey questions.

Questions Description

Question 1 Do you work in the RE sector?

Question 2 Do you have a RE source in your household?

Question 3 Please indicate your gender.

Question 4 Please assess the size of RE resources in Poland.

Question 5 How do you assess the possibilities for further development of the RE sector in Poland?
Question 6 Which RE source has the greatest potential for development in Poland?

Question 7 Indicate the factors inhibiting the development of RE in Poland.

Question 8 How do you assess the impact of the RE sector on the labour market in Poland?

Question 9 How will the development of RE sector affect the development of a low-emission economy in Poland?

Question 10
Question 11

Provide activities supporting the development of the renewable energy sector in Poland.
What are your own observations about problems related to the RE sector in Poland?

Source: own elaboration.

Table 3. Employment and possession of RE installations among the experts.

Employment in the RE Sector Household Equipment with RE
(Question 1) (Question 2)
Answer Percent Answer Percent
Yes 38.5 Yes 46.2
It is an additional job 24.8 I'm planning an installation in the near future 38.4
I am going to work in the RE sector 26.5 I'm not planning an installation in the near future 16.2

Source: own elaboration based on the conducted survey.

Among the participants of the study 58% were men and 42% women (Table 2, question 3).
It has to be mentioned that the percentage of women is high. This means that women are
equally interested in the subject of RE as men. For instance, on days of survey compilation in
Group 3: “100% renewable energy in Poland” 47% of all Group members were women [50].
Additionally, it has to be pointed out that in Group 1: “Renewable energy” as much as
42% of women were employed in the RE sector. If we compare this to the mining sector,
only 11% women are employed in the Polish mining industry. Additionally, women
employed in mining work mainly at posts related with the mechanical processing of coal or
administration. On the other hand, only 23.1% women work in conventional energetics [54].
This means that in the expert group with the knowledge of RE there is a higher percentage
of women when compared with the conventional energetics sector. The authors of this
paper believe that bearing the current world tendency in RE sector development the
share of women may equal that of men. The RE sector is more attractive to women than
the conventional energy sector. Women are more sensitive to the environmental impact
of energy, climate change and sustainable development. Women working in RE show
independence and great creativity [55].

5. Results
5.1. Opportunities for the Development of the RE Sector in Poland

While Poland has great potential in RE, the question remains open about using this
potential in the future and determining trends in RE development (Table 1). The experts
commented on the opportunities for the development of RE sector in Poland. For this
purpose, they assessed the potential RE sources, pointed out the main sources of RE, and
enumerated the factors that hinder the further development of RE in Poland.

The experts assess the resources of RE in Poland as very large (26.5%), large (56.3%),
and medium (15.7%) (Table 2, question 4 and Table 4). It should be emphasized that
a small percentage of the experts specified the size of the resources of RE as small or
very small (1.5%). Many countries have large potential of RE and think about energy
transformation. Algeria, for example, is undergoing an energy transition. The area of the
country has a significant potential of the RE, incl. solar energy, wind energy, geothermal
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energy, hydropower and bioenergy [56]. In Pakistan [57], attention was drawn to the
possibility of obtaining waste biomass. For example, in 2018, the amount of only crop
residues was as high as 40 million Mg. The estimated potential of bioenergy in Pakistan is
11 GW of capacity. This value is expected to increase to 16 GW in 2035. Australia is also
striving to increase the share of RE in the energy mix. This is favored by the decreasing
costs of RE installations, including distributed installations. In 2040, Australia wants to
achieve a 94% share of RE in the energy mix. Nigiria [58], on the other hand, wants to
achieve 100% RE thanks to solar farms and onshore wind farms.

Table 4. Resource assessment and possibilities for RE sector development RE sector in Poland.

Assessment of RE Resources in Poland Possibilities for RE Sector Development
(Question 4) (Question 5)

Answer Percent Answer Percent
Very large 26.5 Excellent 17.2
Large 56.3 Good 52.8
Medium 15.7 Average 141
Small 1.5 Poor 10.3
Very small 0 Very poor 5.6

Source: own elaboration based on the conducted survey.

Due to the high economic potential of RE in Poland, the experts then assessed the
actual chances for this sector further development (see Table 2, question 5 and Table 4). As
many as 70% of experts positively assess actual opportunities for the RE sector develop-
ment in the near future (answers: excellent or good). Only 15.9% of people assess these
possibilities as poor or very poor.

A survey “Poles on energy sources, energy policy and environment condition” [50]
conducted by CPOR has shown that among all the energy sources, renewable sources of
energy have gained the greatest trust (80%). Moreover, 89% of experts believe that RE will
allow to improve the natural environment condition, especially the air.

The aim of the EU’s efforts is to involve the local community in the energy trans-
formation towards sustainable low-carbon energy. The authors [59] undertook the task
of determining the participation of society in the energy transformation towards the RE
in Europe. Surveys have shown that the society to a large extent is open to the energy
transformation and wants to develop ecological energy sources. Moreover, the public is
willing to co-finance RE investments. Co-financing of the RE by citizens will accelerate the
energy transformation in Europe.

The experts have also assessed the actual development opportunities for selected
RE sources in Poland according to them solar energy (60.6%), wind power (32.1%) and
solid biomass processing (24.4%) have the greatest chances for development (see Table 2,
question 6 and Table 5).

The views of experts are reflected in reality. The Polish PV sector is experiencing a
real boom (Figure 2) [60,61]. Data for September 2020 indicate that the total PV power
in Poland exceeded 3 GW [62]. Experts believe that by the end of 2021 this number will
even double.

Helioenergy engineering, including PV in particular, is the fastest growing industry in
the world (Figure 3) [63,64]. In 2019 alone, a 12% increase was achieved—115 GW of new
capacity was installed. Total PV power is 627 GW. In 2019, as many as 18 countries installed
at least 1 GW of new capacity. The greatest aggregate power can be found in China (over
200 GW), followed by the USA (almost 80 GW), Japan (over 60 GW) and Germany (50 GW).

For other RE sources, experts forecast much lower development chances (see Table 2,
question 6 and Table 5). About 12.8% of experts indicated great chances for the devel-
opment of geothermal energy, 8.3% of them for hydropower development, and 1.8% for
the development of the energy mix based on RE sources. According to the experts, each
type of RE should be developed in a sustainable way. In authors opinion, the world’s
RE has been developing in a sustainable manner for some time (Figure 4) [65]. For many
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years, hydropower was dominant, but recently wind and solar energy have played an

increasingly important role.

Table 5. RE sector development in Poland according to the experts.

Development Opportunities Factors Hampering
for Selected Resources of RE the RE Sector Development
(Question 6) (Question 7)
Answer Percent Answer Percent
Solar energy 60.6 Strong lobby of 55.5
conventional energy
Wind power 32.1 Compllcatéd legal 45.8
regulations
Solid blomass 24.4 High investment costs 33.9
processing
Geothermal energy 12.8 Little public knowledge about RE 222
Hydropower 8.3 Low and variable price of green certificates 154
Energy mix 1.8 Disapproval of 2.4

local authorities

Power installed (MW)

Source: own elaboration based on the conducted survey (more than 1 answer was possible).

700
600 1
500 1
400 1
300 17
200 +
100 +
N PE— . S Ny

201020112

Year

012201320142015201620172018 2019

Figure 2. Power installed in a given year, light yellow colour-installations over 50 kW, green colour-micro installations.

Own elaboration based on data from [61].

Authors suggest that the choice of a given type of RE should be determined by local
geographic conditions, investment budget, and spatial development plans. It should be
emphasized that there are no genuine impediments in developing many types of RE in
a given region at the same time. Table 6 shows the potential (energy mix) calculated for
the Warmirisko-Mazurskie Voivodeship in Poland [66]. In 2019, 4 TWh of electricity and
12 PJ of heat were used in this Voivodeship. The calculated technical potential indicates
that the Voivodeship could store excess electricity in energy storage facilities and electric
cars. Warmirnisko-Mazurskie Voivodeship may become a net exporter of electricity /energy

carriers, such as hydrogen, in the near future.
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Figure 3. Global installed solar cell capacity (GW) in 2009-2019. Own elaboration based on data from [63].

7000
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B hydropower B wind solar ™ other renewables

Renewable energy generation (TWh)

1580 1985 1990 1995 2000 2005 2010 2015 2019
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Figure 4. RE generation in the world. Own elaboration based on data from [64].
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Table 6. The amounts of electricity and heat that can be obtained annually from RE in the Warmirisko-
Mazurskie Voivodeship [65].

Resources of RE The Amount of Electricity The Amount of Heat
(TWh/year) (PJ/year)

Bioenergy 254 14.99
Hydroenergy 0.14
Aeroenergy 2.05
Helioenergy 2.20

Heat pumps 0.85

Total 6.93 15.84

The development of many types of energy can even trigger a synergy effect (e.g.,
solar farm-heat pump) and contribute to an even faster development of RE in a given
region. Sustainable development of RE in Poland will certainly affect the energy security
through diversification and decentralization of electricity production. In Poland, electricity
is produced by several very large power plants [67]. In the event of failure of one of them,
several hundred thousand houses may be deprived of electricity.

Due to sudden atmospheric phenomena, resulting from climate change, blackouts are
occurring more often in Poland. A similar failure of several wind farms (or another RE
source) would not disturb the operation of the power system. Together with PV, biogas
plants and biomass CHP plants form a dense “network” that provides greater energy
security than a few large coal-fired power plants.

Following the experts’ assessment of RE sources in Poland and the opportunities
for its development, the experts were also asked about the main factors hampering the
development of RE (see Table 2, question 7 and Table 5). Most experts indicated a negative
impact from the conventional energy lobby (55.5%). Then, 45.8% of experts pointed to
complicated legal regulations as a factor hampering the development of RE in Poland,
33.9% mentioned high investment costs, 22.2% indicated low public knowledge about RE
and 15.4% mentioned the low and variable price of green certificates. The smallest number
of experts pointed out to the local communities” protests as the hindering factor (2.4%). To
sum up, experts share the view that RE resources in Poland are significant and there are
great opportunities for further development of this sector.

In order for this to happen, it is first necessary to first limit the negative impact of the
conventional energy lobby, whose influence can be seen in various subareas related to the
development of RE. Many countries in the world have problems with coal and oil lobbies.
There is also a strong coal lobby in other countries. For example, coal plays an important
role in India’s energy generation [68], despite the knowledge that burning fossil fuels has
negative environmental and climate impacts. In India, as in Poland, there is an ongoing
political debate about the withdrawal of coal from the energy sector and its effect on the
energy transformation.

Experts think that regulations should also be simplified in Poland to a large extent.
The law should be investor-friendly. RE regulations should be transparent and investor-
friendly, not only in Poland, but also around the world. Many countries struggle with
complex regulations. For example, in Ghana [69] it is considered that for the RE sector to
thrive, major legal changes must be made to the RE sector.

Investment costs are also always too high for potential investors. It is necessary to
introduce financial programs supporting investments in RE and tax remissions for RE
investors in Poland. One of the forms of tax facilitation is the possibility of deduction of
amounts invested in RE sources from the Personal Income Tax (PIT) by the investor. For
example, in Spain [70] it has been shown that energy efficiency in homes can be “promoted”
fiscally. The provisions on tax credits, real estate tax, tax on construction and infrastructure
works should also be changed.

The experts emphasize that the favorable attitude of the local authorities towards RE
investments is one of the conditions for the success of such an undertaking. In Poland,
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the acceptance of investments in RE sources at the level of municipal authorities is high.
This is especially true of municipalities where similar investments already exist. Local
authorities have a positive attitude to investments in RE, seeing them as opportunities for
the economics and economic development of municipalities.

5.2. Impact of RE Sector on the Labor Market

The development of RE has undoubtedly a large impact on the labor market and the
creation of new jobs [71-75]. It is estimated that about 50,000 people currently work in
RE in Poland. In the world, this number has already exceeded 11.5 million (Figure 5) [75].
Moreover, 251 companies produce equipment for RE (Table 7) [76]. According to forecasts,
in 2030 from 70,000 people [77] to up to 230,000 people [78] will be working in the RE sector
in Poland.
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Figure 5. RE employment by technology in the world. Own elaboration based on data from [75].

Table 7. Number of enterprises producing RE equipment in Poland. Own elaboration based on data
from [76].

RE Sector Numbers of Firms
Biogas 123
Wind energy 40
Solar energy 36
Solid biomass 24
Liquid biofuels 11
Small hydropower 7
Heat pumps 6
PV 4
TOTAL 251

In the conducted study, experts spoke about the impact of the of the sector develop-
ment on the labor market in Poland (see Table 2, question 8 and Table 8). The vast majority
of experts (86.2%) believe that the development of RE will positively affect new jobs in
Poland. Only 11.5% of experts believe that the development of the RE sector will not affect
the growth of new jobs and 2.3% are convinced of its negative impact on the labor market.
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Table 8. Impact of RE development on the labor market and on a low-carbon economy in Poland.

Impact on Development of a Low-Carbon

Impact on the Labor Market
Economy

(Question 8) (Question 9)
Answer Percent Answer Percent
Very positive 14.6 Very positive 41.8
Positive 71.6 Positive 54.1
Neutral 115 Neutral 3.5
Negative 2.3 Negative 0.6

Source: own elaboration based on the conducted survey.

The development of RE technologies means new, well-paid jobs. A wind turbine
technician in Poland can count on earnings of 150-200 PLN (1 Euro = 4.55 PLN) per hour.
On the other hand, the field consultant or solar module salesman earns from 3000 to even
8000 PLN net per month. In the case of a RE installation designers, these can, depending
on the complexity of the projects, earn as much as 5000, or even 10,000 PLN. However, the
work is not easy. It is associated with frequent trips to the field, non-standard working
hours, the need for continuous training and arduous creation of your own brand on the
market [79,80]. This development also contributes to the creation of new jobs in sectors
related to the RE. It is estimated that per 1 employee in the RE there are 2-3 places in related
sectors: mainly industry, but also construction, services, etc. [81-85]. Experts believe that
the development of RE industry is a great opportunity for Polish economy. If Poland
will “sleep this period over”, then in a few dozen of years we will have to import devices
from other countries. When a favorable law is created (or at least not interfering) to low-
energy constructions, prosumers, energy cooperatives and other future technologies; new
companies will be created rapidly—providing well-paid jobs, and subsequently supplying
their products and providing services to international markets [84]. According to the report
of the International Renewable Energy Agency (IRENA) [75], 11.5 million people found
employment in the global sector of RE sources in 2019. Many countries view RE sector as
new, well-paid jobs. For example, in the Netherlands [85] finds that biomass and waste
energy processing offer the highest employment per MWh, which benefits employment in
(economically fragile) rural areas.

While analyzing the situation in other countries, the authors of the article [82] believe
that the energy transformation towards the RE in the Netherlands will have a positive
impact on the economy. It is estimated that several dozen new jobs will be created in
the next decade. The energy transformation will ensure growth by 1% of gross domestic
product. It is estimated that by 2050 the number of new jobs in the RE sector worldwide
will triple. The energy transformation around the world will ensure energy security and
dynamic development of the energy sector [83].

The experts also assessed the impact of RE development in Poland on the low-carbon
economy (see Table 2, question 9 and Table 8). Most experts (95.9%) believe that the
development of RE will positively affect the development of a low-carbon economy in
Poland, which will contribute to reduction of harmful emissions. Only 3.5% of experts
believe that the development of RE will not affect the shape of the low-carbon economy. It
should be noted that, in general, Polish society accepts the construction of a low-carbon
economy. However, some Poles still believe that the RE is quite expensive, which may lead
to an increase in energy prices, and thus an increase in the prices of consumer goods.

In other countries, it is believed as well that the development of RE will have a
positive impact on the environment. RE will help to develop a low-emission economy
that is environmentally friendly both in Poland and in the world. This is confirmed by
Zeqiraj et al. [84]-stock market development fosters low carbon economy (LCE) through
the channels of RE and technological innovation. To mitigate climate change, the EU
implemented an energy policy strategy that encourages firms to implement sustainable,
green energy systems. This could generate investment opportunities in energy efficiency
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and RE projects around the world for European mutual funds [85]. Research in the
USA [85,86] reveals long-term cost and emission savings from bio-renewables, where the
bulk of benefits are observed due to biofuels. Under a 40% CO, emissions reduction
scenario over the next 40 years, penetration of bio-renewables promise up to 10 trillion
USD savings in system costs (investments and operational).

5.3. Development of the RE Sector in Poland Factors

As part of the survey research, the experts also had the opportunity to present their
opinions on the development of RE in Poland based on two open questions (see Table 2,
question 10 and question 11). 351 experts responded to question 10 regarding actions
to be taken for better RE sector development in Poland. The experts could name a few
activities favoring the development of the RE. Additionally, 171 experts answered the
question 11 regarding their own comments and insights concerning the development of RE
in Poland. The share of participants of the study who answered open questions is high and
amounts to 78% for the question 10 and 38% for the question 11, respectively. In the case of
question 10, even though it was an open question, the experts” answers repeated in many
ways. Therefore, the most frequently repeated types of responses were selected and along
with the percentages are presented in the Table 9. In the case of question 11, the experts’
responses were mainly descriptive. in this case, the authors referred critically to selected
expert responses later in the text.

Table 9. Activities supporting the development of the RE sector in Poland.

Activities Supporting the Development of the RE

(Question 10)
Answer Percent
Change of law in Poland 72.2
Educating the public about RE 42.4
Financial incentives and tax exemptions for RE investors in
36.8
Poland
The necessity to develop prosumer energy 324
Dialogue with the coal lobby 30.6

Source: own elaboration based on the conducted survey. More than one answer was possible from the content of
the open question.

Analyzing the answers to the question 10 on the measures to be taken to develop RE
sector in Poland more, it can be said that 72.2% of experts are convinced that the laws in
Poland should be changed. Some experts have admitted that they are willing to invest in
RE, but are waiting for “normalization” of legal provisions.

Lots of experts (42.4%) indicated that society should be educated on RE. For many
Poles, RE is still something new and unknown, so they approach it with respect or re-
luctance. In energy education, primary schools or even kindergartens play an important
role. These educated pupils can then get very often the message across to their parents.
People emphasize that the existing RE installations in Poland should also play an important
role in educating the public. Most countries in the world struggle with the problem of
developing the right political framework for the RE sector, as well as in terms of sustainable
development. Seeing with one’s own eyes how an agricultural biogas plant works will
decrease the reluctance to accept this type of facilities. Moreover, several people believe
that it is necessary to create “RE energy islands in Poland” that would have an educational
function. In addition, experts have outlined the need to expand an educational offer for
people who intend to work in the RE industry [87].

Also 36.8% of experts believe that there should be more financial incentives or tax
exemptions for RE investors in Poland. Experts emphasize that it is not just about intro-
ducing very high subsidies, but rather about clear investment accounting principles, lack
of problems with connecting to the electricity grid and access to the energy market. It is
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necessary to increase the propensity to invest in RE through the deduction of amounts
invested in RE from PIT.

Many experts noticed the necessity of developing prosumer energy (32.4%). The pop-
ularity of prosumer energy, mainly PV, is constantly growing. Establishing an installation
that exceeds their own needs, the prosumer should be able to resell energy. This would
encourage households and small businesses to invest in RE.

Some 30.6% of experts point out that the strong coal lobby is an obstacle to the
development of the RE sector in Poland. The coal lobby in Poland is openly opposed to
the further development of the RE. The experts pointed out that the authorities should
introduce a more restrictive policy towards energy waste and issuers of harmful substances.
Coal mines should be gradually closed, while at the same time making it easier for miners
to move to other professions (including the RE sector)

In the case of experts” answers to the open question 11 regarding their own obser-
vations about problems related to the RE sector in Poland (see Table 2, question 11). It
should be stated that the most important problem for experts concerns improvement of
legal regulations, including the act called “Distance Act” [88]. It is necessary to establish the
actual distances from wind turbines, as current regulations are among the most restrictive
in the world. The Act [88] is very restrictive-a wind turbine can be built at a distance
of not less than 10 times its height from residential buildings, national parks, landscape
parks or reserves. It should be emphasized that the location of a wind farm takes place
only on the basis of a local spatial development plan, which significantly hampers their
construction. In addition, taking into effect the “distance Act” in 2016 practically blocked
the development of wind energy in Poland (Figure 6). So far, the aeroenergy increase
amounted to 500-800 MW per year [26]. The record was broken in the first half of 2016, just
before the distance Act took effect, when wind turbines with a total capacity of 1222 MW
were erected. In turn, in 2018, the total power of wind turbines was only 6 MW. The experts
state that, as a result of the “Distance Act” [88], they have observed the withdrawal of
foreign RE investments. In other countries, for example in Germany [30,88], the distance
between wind turbines and the so-called “sensitive” landscape elements, such as human
settlements or bird nests is 1000 m.

2011 2012 2013 2014 2015 2016 2017 2018
Year

Figure 6. Aeroenergetics power increase in Poland. Own elaboration based on data from [26].
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Experts are confident that Poland should develop wind power at a much higher level
offshore, where wind turbines work longer throughout the year and are far from residential
buildings. At the end of 2018, the total capacity of offshore wind energy exceeded 23 GW.
Northern Europe is in the lead, especially Germany and Great Britain. These two countries
have the highest number of offshore wind turbines in operation. The largest wind farm,
Hornsea Project One, with a capacity of over 1 GW, operates in Great Britain. At the initial
investment stage, there is the Greater Changhua farm (2.4 GW) in Taiwan and the Dogger
Bank one in Great Britain with a capacity of nearly 5 GW [89].

Experts also emphasize the problem of developing local, prosumer and municipal
energy sources that are able to provide high-quality electricity, replacing central invest-
ments. A significant part of energy production (biogas, biomass, solar, etc.) will also be
transferred to the agricultural areas, which will result in economic benefits [90-92]. Such
energy production will also improve the quality of rural infrastructure and the quality of
life. Poland as an agricultural country has a very high potential of waste biomass. These are
waste from animal husbandry, food processing or expired food. This waste is an excellent
substrate for methane fermentation in agricultural biogas plants. Sustainable development
of the RE sector ensures energy security, as well as low energy prices, and thus consumer
goods. Currently, there is a development of energy prosumers in Poland. It is influenced by
lower and lower prices of RE installations, as well as increasing knowledge about climate
change [93].

The experts also pointed that Poland has surpluses of unused energy at night and
could this easily and in a relatively short time cause lower power consumption over time
thanks to a change in the price tariff (the price should be lower than during the day;,
regardless of whether someone signed a night tariff contract, or not). In this respect, experts
also show the problem of energy from renewable sources storage. It was emphasized that
energy can be collected both in energy storage and electric cars. It is also possible to produce
green hydrogen. For example, in study [94], hydrogen would also be produced at a much
lower cost. RE produced by the prosumer allows you to achieve energy independence. The
generated energy powers home appliances as well as the car. Such a system is beneficial
for the environment as no greenhouse gases are emitted.

The experts think that the development of RE in Poland has a pejorative meaning
according to a part of society. The RE sector should be combined with other sectors of
economy, such as the construction, architectural or agricultural industries. The cooperation
of RE-related activities with activities from these industries could result in a greater degree
of promoting “green” solutions, which in turn will undoubtedly contribute to Poland’s
economic development. It is also necessary to intensify cooperation with other highly
developed countries as part of RE development in Poland, which would significantly
improve the current infrastructure associated with RE, as well as facilitate the introduction
of new technologies in the future. Hybrid sources of RE are a continuation of the idea of
a circular economy. RE devices should be made of recycled materials, which reduces the
consumption of raw materials and generates less waste. It found that while such projects
are initially expensive, they prove beneficial in the long run [95].

The experts also emphasize that educated and socially responsible citizens will create
social pressure on political decision-makers who will create legal regulations beneficial not
only for local communities, but also for global society, according to the motto: “act locally,
think globally” [96].

The experts outlined the need to educate public about the negative impact of coal
mining and coal burning on climate, natural environment and human health. Poland is
at the forefront of Europe when it comes to air pollution and smog [97]. Smog is created
mainly by burning of poor quality coal (sludge and coal fleets) in old furnaces [98].

6. Discussion and Recommendations

Poland is currently facing major challenges in the energy sector. This is due to the
fact that the Polish economy is based on coal as the main energy source. At the same
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time, the electricity infrastructure is outdated and the use of coal-fired furnaces, which are
widely used in heating, contributes to significant pollution and degradation of the natural
environment. In the coming years, the Polish energy sector will have to undergo a real
transformation towards a low-carbon economy, in which RE and energy efficiency will
play a significant role. Mining regions are facing an energy transition. In the course of
the energy transition, great emphasis must be placed on helping miners who work in coal
mines-so that they can reorganise themselves and, for example, find work in the RE sector.

As highlighted earlier in this article, Poland is at the beginning of the energy trans-
formation from coal energy to RE. Progress in the field of RE sources will have a positive
impact on entrepreneurship and the competitiveness of the Polish economy. The increas-
ing demand for equipment and installations will contribute to the development of local
enterprises. These will be, to some extent, innovative products, which in turn will have
a positive impact on the competitiveness of the Polish economy. Moreover, an increased
inflow of foreign investments to the Polish market is possible, especially those related to
the production of the necessary infrastructure and in the field of research and development.
This, in turn, may contribute to the improvement of Poland’s balance of payments thanks
to the possibility of exporting devices to other countries.

It should be stressed that the energy transition processes in Poland are very strongly
influenced by institutional factors, including legislation. As part of the issue of development
of RE in Poland, the need should be indicated the simplification of regulations. Better
regulation should contribute to greater economic efficiency of investments and reduce the
level of current bureaucracy. Currently, the investor is struggling with many documents,
permits, and in fact a significant part of them can be reduced or even eliminated. The law
should be investor and prosumer-friendly. Moreover, officials should be competent and
help in the implementation of investments. Additionally, the Act on RE sources [84] is very
frquently amended, which has led to chaos in the RE market in Poland.

One of the main problems of related to the RE sector in Poland is development of the
prosumer energy market. Prosumer energy is very important in process of energy transition,
which has recently been developing in Poland. It is a very clean, ecological solution. In
addition, the prospect of free electricity from solar energy, energy independence, but also
additional income is very attractive. The number of prosumers using PV is constantly
increasing (Figure 7). It is estimated that in 2019 the prosumer energy capacity in Poland
exceeded 1 GW [99]. Each prosumer is part of the framework of low-emission energy,
as if it is a “cell” of energy transformation. The prosumer also has measurable financial
benefits-he has his own energy, and the surplus of it can be used to charge an electric
car. An electric car is also an energy store [93] An important positive aspect of the new
regulations is the introduction of prosumer definition in the RE Act [80]. This definition
is intended to expand the group of entities that will be able to use the preferential billing
system in the form of discounts, as well as additional administrative preferences at the
investment and operational stage. Under the latest amendment to the Act [80], prosumer
preferences at the investment stage and the system of discounts provided can be used
not only by households, but also by other types of entities, such as schools, churches,
housing communities, etc. However, they must have a comprehensive contract, which in
this case should be considered a disadvantage of the amendment. Moreover, currently
the definition of a prosumer in Poland does not include entrepreneurs who would like
to install a micro-installation in their company and use the discounts. The EU policy
takes into account the RE prosumers in each member state. The authors [100] compared
several European countries to reveal the main challenges and opportunities for prosumers.
The most favorable conditions for prosumers exist in Great Britain, Germany, France and
the Netherlands.
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Figure 7. Number of prosumer PV installations in Poland 2012-2019. Own elaboration based on data from [101].

Wind energy is an important element of the energy transformation. However, poorly
installed turbines have a negative impact on people, animals and the landscape. In Ger-
many, the government plans to ban the placement of new wind farms within 1000 m
of buildings. Introducing a clear boundary for the construction of new wind farms by
indicating the distance of their location is to increase social acceptance for such installations.

It should be stressed that energy transition processes also have a very important
social impact. The changes in the social dimension are related to many aspects. Energy
availability has a direct impact on employment opportunities and poverty. As fossil fuels
as a raw material in the economy become less and less profitable, holding on to them
also results in negative phenomena in the labour sphere. This can be seen, for example,
in the case of mines, which in many cases are no longer profitable. The lack of a good
economic balance sheet often means job cuts in many sectors. In this context, a switch to
alternative energy sources would stimulate the creation of many new jobs and the growth
of the labour market in high-technology and high-performance industries. Investing in
green RE technologies such as solar, wind, incineration or biocomposting of household
and agricultural waste creates more jobs than comparable investments in the conventional
energy sector.

Based on the expert’s assessment and available knowledge about RE in Poland the
authors of the article postulate the following recommendations:

Education of the public about RE starting at the kindergarten stage;

Dialogue with politicians for faster development of the RE in the region and through-
out Poland;

Dialogue with the coal lobby;

Ensuring job for miners from closed mines, eg in the RE sector in Poland;
Simplification of the law, including the RE Act in Poland;

Softening of the “Distance Act”;

Increased co-financing for RE installations as solutions enabling the fight against smog
in Poland;

Faster development of prosumer energy in Poland;

Sustainable development of all types of RE in Poland;

Supporting Polish companies in the RE sector.
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7. Conclusions

The article deals with subject concerning the RE sector development in Poland. RE
plays an increasingly important role in the Polish economy. That is why it is important to
understand what is the current state of the RE market and what is the attitude of govern-
ment authorities, local authorities, entrepreneurs and citizens towards RE. In connection
with the subject, the condition of the RE sector in Poland was first discussed. In order
to expand the current state of research, a survey was conducted which was directed at a
targeted group of RE experts in Poland.

The conducted survey allows us to draw conclusions regarding the evaluation of the
development of the RE sector in Poland. The experts pointed mainly to the fact that the
potential of RE resources in Poland is large, which indicates actual opportunities for further
development of RE sector. The experts have assessed the actual development opportunities
for selected RE sources in Poland. According to them, solar energy, wind power and solid
biomass processing have the greatest chances for development. The experts think that the
coal lobby is the main reason for the slow development of RE in Poland. The vast majority
of experts believe that the development of RE in Poland will positively affect low-carbon
economy, which will translate into the creation of new jobs and the reduction of harmful
substances to the environment.

As a hindrance in the development of RE in Poland experts mentioned four main
factors: complicated legal regulations, high investment costs, and insufficient knowledge
about RE among society and a negative impact of the conventional coal-based energy lobby.
Education, including practical examples of RE installations, is necessary to overcome the
obstacles faced by RE in Poland. Besides the low level of RE knowledge in Poland, the
paper also emphasizes the pejorative meaning of the RE subject in the assessment of a part
of society. Therefore, it is necessary to work social and decision-makers’ mentality, so that
the source of energy in harmony with nature and the long-term benefits of RE become a
priority in energy development.

Experts indicate that prosumer energy has been growing rapidly in recent years in
Poland. The capacity of PV micro installations in Poland in 2019 exceeded 1 GW. For
prosumers in Poland, the prospect of free electricity from solar energy, energy indepen-
dence, but also additional income is very attractive. Polish RE sector is being succesfully
developed, mainly by prosumers. It is important for the professional power industry to
develop the RE sector to a greater extent. The development of RE in Poland will protect
the environment, less waste will be produced, and air quality will improve. The latter is
particularly important because Poland has a big problem with smog, mainly during the
heating period. The development of RE technology will allow the public to effectively fight
smog in Poland.
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