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Abstract: In the era of globalization and rapid economic growth, affecting most world economies,
increased production and consumption are leading to higher levels of energy production and con-
sumption. The growing demand for energy means that energy resources from conventional sources
are not sufficient; moreover, its production generates high costs and contributes to the emission of
greenhouse gases and waste. In view of the above, many countries have opted to implement an
energy transformation. The energy transition allows the transition from an energy system based on
conventional fuels to an energy system based mainly on renewable energy (RE) and low-emission
sources. In the EU, the development of a “green economy” has become a strategic goal in the fight
against climate change. The development of RE offers the possibility to improve the energy security
of a given country and the entire EU. New, innovative technologies of RE also increase the attractive-
ness and competitiveness of the economies of the Member States. In line with the EU strategy, the
activities carried out aim to achieve a situation in which, in 2050, the activities of economies will not
endanger the environment. The main purpose of this article was the assessment of the RE sector in
the Pomerania region in the context of energy transformation. To achieve this goal, PEST analysis
regarding the functioning of the RE sector in the selected Polish region was used and the potential of
the RE sector was determined using GIS tools on the basis of physical conditions. The article presents
the research hypothesis that the RE sector within the Pomerania Voivodeship possesses appropriate
energy potential, which will allow this Voivodeship to become an energy self-sufficient region based
on the use of these energy sources (according to EU strategy). The implementation of the goal set
in the article allowed for the verification of the research hypothesis, where the determined energy
potential from the RE sector would cover the Voivodeship’s needs due to the use of electricity and
heat. The conducted research shows that the RE sector in these regions has high energy potential
to meet the criteria outlined in EU legal documents and to implement them successfully within the
intended period.

Keywords: renewable energy; energy transition; decarbonization strategy; energy potential; PEST
analysis; Pomerania Voivodeship

1. Introduction

In the current era of globalization and economic growth, increased production and
consumption leads to higher energy production levels. Energy usage plays a substantial
role in globalization processes, thus leading to unsustainability through the use of nat-
ural resources on a large scale [1,2]. The continuous increase in energy demand means
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that the most frequently used energy sources are no longer sufficient. Energy from non-
renewable sources has become more expensive, harmful for the environment, and thus
less profitable [3,4]. This situation creates the perfect conditions for an intensive energy
transformation in developing countries [5,6]. The shift to a “green economy” has become a
global phenomenon and is based on the effective consumption of energy and the gradual
replacement of fossil fuels with clean energy sources [7]. This process is understood as a
transformation from the current energy system using fossil fuels to an energy system based
mainly on low-emission and renewable sources. It includes the gradual replacement of
exhaustible hydrocarbons and uranium fuel by renewable energy (RE) in almost all sectors
of the economy (transport, industry, energy, heating, construction, agriculture, etc.).

For the EU countries, the transformation of the energy system has become an impor-
tant strategic goal, the implementation of which will allow for increased energy security and
the improved investment attractiveness of the economies of the Member States [1,2]. This
transformation, however, is being processed through the institutional system first [8-11].
The future structure of electricity generation is determined in the context of trends in the
EU climate policies [12]. Poland, which entered the EU in 2004, adapted and integrated
its institutional model [13]. New member states such as Poland have made a commit-
ment to reduce the emission of greenhouse gases by ratifying the Kyoto Protocol and
by participating in the climate policy of the EU [14]. The EU is fighting climate change
through very ambitious policies. Currently, the EU is on track to reduce gas emissions by
at least 55% by 2030 (“2030 Climate Target Plan”). By 2050, Europe aims to become the first
climate-neutral continent (“European Climate Law”). These are the short-term goals, and
the long-term aim within Europe is to become a climate-neutral economy with net-zero
greenhouse gas emissions. Among many key targets for 2030, the most important are as
follows: at least 40% cuts in greenhouse gas emissions (from 1990 levels), at least 32% share
for RE, and at least 32.5% improvement in energy efficiency. The 2030 package includes a
higher renewables target and new rules to support the expansion of renewables. The EU
increased its greenhouse gases emissions reduction target for 2030 from 40% to 55% and
the RE target from 32% to 40%. This means that the EU will need 451 GW of wind power
capacity by 2030, an increase from the current value of 180 GW. The long-term strategy is
in line with the EU’s commitment to global climate action under the European Green Deal
and Paris Agreement (a global framework to avoid dangerous climate change by limiting
global warming). Both of these acts seek to address climate change and environmental
degradation. From a long-term perspective, the EU is to be transformed into a modern,
resource-efficient, and competitive economy, ensuring no net emissions of greenhouse
gases by 2050, economic growth decoupled from resource use, and no person and no place
left behind.

European integration processes, amplified by overall globalization in the background,
have led to improved socio-economic and institutional situations in many states [15-21].
With time, the improved condition of the economies allowed the introduction of new,
innovative RE projects [22-26]. Besides RE projects, since the early 2000s, many private
investors and businesses have become the additional “engine” supporting the rapid growth
of this market in Eastern Europe [26,27]. EU programs are usually organized on either
commercial or hybrid models, subsidized by the government or EU (with national or
regional range). Thanks to such programs, and their national and regional institutions, new
consumption attitudes in the field of RE have been popularized, and many new jobs have
been created [28-30]. All these actions favor change in the structure of the labor market in
Poland and in the EU in general—we can observe increased employment mobility [31-38].
The RE labor sector in Poland is one in which employment has been increasing for the
last two decades [39-41]. It is expected that, during the COVID-19 pandemic, the political
and economic environment may not support the short-term expansion of the RE sector,
but, from a long-term perspective, positive trends are forecasted [42,43]. Moreover, further
growth in total energy consumption is predicted, representing a huge challenge for the RE
market as well [44-46].
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It should also be emphasized that the new EU climate policies and the rapid devel-
opment of innovative RE technologies are implemented at the level of both countries and
regions [47—-49]. The RE market transformation should be based on the diversification of
energy sources—they are not evenly geographically accessible [50]. Taking into account all
of the aforementioned facts, we conclude that it is worth analyzing the regional potential
first (at the Voivodeship level) and then evaluating individual sources of RE in light of
EU requirements.

If we consider the energy sector in Poland, this country is only at the beginning
of the energy transformation—most of the region’s energy is still obtained from hard
coal and lignite. At the end of September 2021, the installed capacity in all generation
sources in Poland amounted to 53,274.6 MW. In conventional power plants, the country
has 36,585.1 MW, and in RES installations, 15,276 MW. Only in September, 15,216.4 GWh of
energy was produced in Poland, of which 12,775.4 GWh was generated by the conventional
segment of the energy sector, and RES installations represented 2385.4 GWh [51].

The Pomerania Voivodeship is located is located in the northern part of the coun-
try and borders the Baltic Sea. It includes the following geographical units: Pobrzeze
Potudniowobattyckie, Lakeland Pomorskie, and Zutawy. Its total area is 18,310 km?. The
population of the Voivodeship in 2019 amounted to 2,343,928 people and shows an up-
ward trend. The population density was 128 people/km?. Most of the population lives in
urbanized areas (63.5%) [52].

For these reasons, the aim of this study was to examine the current state, potential, and
development prospects of the RE sector in the Pomerania (Pomorskie in Polish) Voivodeship
in the context of energy transformation. To achieve this goal, PEST analysis regarding
the development of RE in the Pomerania Voivodeship was used and the potential of the
RE sector was determined using GIS tools on the basis of physical conditions. The article
presents the research hypothesis that the Pomerania Voivodeship has an appropriate level
of RE potential, which will allow this Voivodeship to become an energy self-sufficient
region in line with the EU’s short- and long-term strategy based on the use of RE. The
implementation of the goal set in the article allowed for the verification of the research
hypothesis regarding whether the potential amount of RE electricity would cover the
Voivodeship’s needs. Moreover, the results obtained confirm that the requirements of both
the 2030 and 2050 EU acts are expected to be satisfied in terms of RE and the RE market’s
transformation.

2. Assessment of Development Potential of RE in Pomerania
Voivodeship—PEST Analysis

For the assessment of the potential of the Pomeranian Voivodeship in light of the
energy transformation and development of RE, we use PEST analysis. PEST analysis
belongs to the group of methods used to study the macro-environment.

The main elements of the macro-environment are (Figure 1) [53]:

political: including political stability, RE policy, legislative environment;
economic: including economic situation in the world and in the Pomerania Voivode-
ship, the labor market, interest rates;

e social: including demography, knowledge about RE, structure of availability of per-
sonnel and human resources;

e technological: including the innovativeness of the RE sector, transfer of technologies
and techniques (Figure 1).
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Figure 1. Utilized PEST analysis factors for RE macro-environment: P—political, E—economic,
S—social, T—technological (author’s own work).

In the presented work, it was considered advisable to subject the diagnosed factors
to scoring, depending on the extent to which they support the RE sector. In the utilized
scale ranging from 1 to 5, depending on the degree of their support for the development of
renewable energy, individual points were assigned as follows:

1—very unconducive factor;
2—unconducive factor;
3—factor without influence;
4—contributing factor;

5—a very conducive factor.

At the same time, a formula for averaging the assessments of selected factors was
adopted, assuming that this impact on its development means:

below 2.00 points—the macro-environment is very hostile;
2.00-2.99 points—hostile macroenvironment;
3.00-3.49—neutral macroenvironment;
3.50-4.49—friendly macro-environment;

4.50-5.00—very friendly macroenvironment [53].

This PEST analysis was performed in line with the available literature as well as the
current political, economic, social, and technological situation in the Pomerania region and
Poland. The weights were counted from 1.00 to 5.00. To determine the weights, a team of
experts was appointed, consisting of individuals from the Nicolaus Copernicus University,
Gdansk University of Technology, and the University of East Finland. In particular, the
authors performed the PEST analysis using the weighting performed by a panel of experts
in the fields of Economics, Chemistry, Biology, and Geography.

2.1. PEST Analysis—DPolitical Environment

Table 1 contains the political determinants of the RE in the Pomerania region. The
political factors of renewable energy sources in the Pomeranian Voivodeship generally
result from the system and the political system in which it operates.
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Table 1. The political environment of RE sources in the Pomerania Voivodeship (author’s own work).

Factor Strengthening the RE Sector
1. Political system and its stability 3.50
2. Public administration system and its efficiency 2.00
3. RE policy at the Voivodeship/state level 3.00
4. Programs supporting the development of RE 4.50
Documents on the use of the environment and
5. . 4.00
GHG emissions
6. A strong conventional energy lobby 1.00
- Membership in the EU (Poland’s obligations to 500
’ achieve a certain level of RE share) ’
Overall assessment 3.29

The constitution law [54] states that Poland is a parliamentary republic and realizes
the principles of independence and national sovereignty of a democratic state ruled by law.
The current political system in the Republic of Poland can be considered relatively stable.
The development of the research and science sphere, including RE, is positively influenced
by a fairly friendly administrative order.

The administration in Poland is an integral part of the country, a vehicle of remem-
brance of the state’s tradition and endowed with the privilege of legislative initiative.
Moreover, the preamble to the Constitution of the Republic of Poland [52] defines a very
important goal related to the need to improve the functioning of the public sector in the
Republic of Poland. Despite many efforts, the public administration does not function
efficiently in Poland—it is not conducive to the development of RE sources, which is often
emphasized by the owners of RE installations.

As indicated by respondents in surveys [53-55], the policy in the field of RE at the
state/Voivodeship level is not very conducive to the development of RE. The “Distance
Act” [56] stopped the development of aeroenergy (wind energy) in Poland. The RE Act [57]
is frequently amended, which discourages potential investors. For every 1 kWh of energy
introduced to the grid, the prosumer can receive only 0.8 kWh of energy at any time.

The Polish energy policy, implemented until 2040, represents an opportunity for
the development of RE in the Pomerania Voivodeship [58]. Poland’s energy policy until
2040 places a strong emphasis on three main pillars. The first is a fair energy transition, the
second is the construction of a parallel, emission-free energy system, and the third is good
air quality.

When deciding to purchase/build an RE installation, it is worth using a subsidy/loan/
financial relief. First, it is necessary to check whether there are funds for RE in a given
town, commune, poviat, or Voivodeship and whether there are funds for investment in
the national program or the EU program. For example, the “My Electricity” program
allows one to obtain funding for the building of small photovoltaic installations (between
2 kW and 10 kW) in the form of a subsidy for up to 50% of the costs, but this is no more
than PLN 5000 (in 2021, PLN 3000) for one project. Figure 2 shows the results of the “My
Electricity 2” program [59]. The green color indicates the amount of co-financing granted
to PV installation projects, while the black color indicates the installation power in a given
Voivodeship (kW).
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Number of grants awarded
to PV installation projects

Total power of the installation in MW

Figure 2. Results of the “My Electricity 2” program (own study from [59]).

In Poland, the Environmental Protection Law [60] describes legal regulations related to
the use of the environment, including CHG emissions. According to the act, the principles
of sustainable development constitute the basis for the preparation and updating of the
national spatial development concept, Pomerania Voivodeship development strategies,
and Voivodeship spatial development plans. The development of RE in the Pomerania
Voivodeship/Poland is hindered by the strong lobby for conventional energy, mainly the
coal lobby. Associated with mines, coal-fired power plants, and trade unions, they openly
oppose the development of RE in Poland [55].

In order to ensure institutional “maturity” in Poland, this country is a member of the
EU and other international organizations related to the law. Globalization processes posi-
tively influence the development of RE. This allows for open functioning in the European
Research Area as part of the conducted research. This also allows for joint research projects
and the free movement of employees between universities [55].

2.2. PEST Analysis—Economic Environment

Table 2 shows the economic factors of RE in the Pomerania region. In the case of EU
Member States, Poland is characterized by economic growth. This was brought to a halt
due to the COVID-19 pandemic. Figure 3 shows the dynamics of the volume and added
value of Poland in the years 2016-2020 [61]. The world economy has practically recovered
from the crisis that started in 2008 and is now struggling with the economic problems
resulting from the pandemic. The prices of energy carriers remain at an average level; in
October 2021, the price of crude oil was around USD 83-84 /barrel [62], the price of hard
coal was USD 233/Mg [63], and the price of natural gas was USD 5.30/million bt [64].
These prices are higher than 2 years ago [55], which means that energy from RE sources is
becoming increasingly competitive in relation to energy from fossil fuels.
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Table 2. The economic factors of RE in the Pomerania Voivodeship (author’s own work).

Factor Strengthening the RE Sector
Socio-economic development and economic growth 3.50
’ The economic situation in the world, world fuel and 350
' energy prices, energy resources in the world ’
3 Labor market (including in the RE sector), 350
' unemployment level ’
4. Own funds for financing RE installations 2.00
5. availability of loans and credit, interest rates, 4.00
6. Economic support (auctions and green certificates) 3.00
7. Investor activity, entrepreneurship, and innovation 4.00
8. EU membership—globalization 5.00
Overall assessment 3.56
108
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104
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Figure 3. GDP growth index in the years 20162020 in Poland (own study from [59]).

An important element of the macro-environment of RE in the Pomeranian Voivodeship
is the situation of the labor market: employment structure, unemployment rate, and
population migrations. Official data [65] indicate that the unemployment rate in Poland at
the end of August 2021 was 6.4% (5.6% in the Pomerania Voivodeship). Moreover, rural
areas with relatively high unemployment offer excellent conditions for the development
of renewable energy sources. A 20% rate of unemployment, which was measured in
2004/2005, and accession to the EU resulted in intensified emigration processes in Poland
and in the Pomeranian Voivodeship. Currently, over 2 million Poles live abroad. Inflation
in Poland was declining until the outbreak of the COVID-19 pandemic. Inflation has
increased since then. The prices of consumer goods and services in August 2021, compared
to the same month last year, were increased by 5.5%. Compared to the previous month, the
prices of goods and services increased by 0.5% [66].

It is worth emphasizing that employment in the RE sector is growing year by year,
which is important for the Polish economy. Today, almost 90,000 people are employed in the
photovoltaics sector alone [67]. It is estimated that 150,000 people in Poland are employed
within the RE sector. Regarding RE installations, although they are becoming cheaper
every year, their price is still quite “prohibitive”, especially for individual investors. Very
few take into account that the operating costs of a heat pump are much lower than those of
a coal-fired furnace (and the environmental and climate costs are even higher). Investors in
RE in Poland and in the Pomerania Voivodeship may apply for co-financing/loans from
both EU funds and national funds [55].
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The system of green certificates has been in use since 1 October 2005, based on the
amended Energy Law [68]. The rapid development of the technology of biomass co-firing
with coal led to an oversupply of green certificates on the market and a reduction in their
prices from around PLN 300/MWh in 2012 to around PLN 25/MWh in mid-2017 and PLN
213/MWh in October 2021. Such low certificate prices have a negative impact on the finan-
cial liquidity of many RE installations in Poland. Designing and introducing the auction
support system was a revolutionary change in the area of supporting electricity generation
from RE sources. This system ensures the competitiveness of entities participating in the
auctions, which translates into the most favorable electricity prices and, consequently,
has an impact on the costs of electricity offered to end users. The auction is won by the
entrepreneurs who offer energy at the lowest selling price [69].

In Poland, interest rates are currently at a record low, but they have grown in the past.
The Lombard rate is 1.00%, the reference rate is 0.50%, the rediscount rate is 0.51%, and
the deposit rate is 0.00% [70]. Polish RE investors are characterized by high innovation,
entrepreneurship, and activity. They very often contribute their own ideas to improve
the “conventional” technology, thanks to which the process of, e.g., methane fermentation
has been improved. Increasingly, investors are developing two or more types of RE, e.g.,
biogas plants and PV panels. The accession to the EU and the opening of the borders
allowed Poland to make an economic “leap”. Since then, many trade agreements have been
concluded, and there has been free movement of technologies and services. For several
years, many Polish research centers have been conducting joint research projects with
other research centers in the EU. The latest achievements of EU technology are more often
implemented in Poland.

2.3. PEST Analysis—Social Environment

Table 3 presents the social environment of RE in the Pomerania Voivodeship in the
context of its development potential.

Table 3. Social environment of RE in the Pomerania Voivodeship (author’s own work).

Factor Strengthening the RE Sector

1. Demographic situation 3.00
2. Level of education 3.50
3. Knowledge about RE 3.00
4. Social acceptance of RE 4.00
5. Social acceptance for building a green economy 3.00
6. Human resources and employee availability 3.00
7. The impact of RE development on jobs 4.00
8. EU membership 4.50

Overall assessment 3.50

The population of Poland has been steadily declining for a decade. At the end of 2020,
there were 38,265 million Poles, which is 273,000 fewer than in 2011 (it is worth mentioning
that, for example, Gdynia has 244,000 inhabitants) [71]. The current data are even more
concerning, as 75,869 people in Poland had died from COVID-19 by 11 October 2021 [72].
In the Pomerania Voivodeship, the population at the end of 2020 was 2347 thousand [71].
The Polish society is aging and the population is set to decline in the future—in 2020, the
fertility rate was 1.38 [67]. It is assumed that if the fertility rate fluctuates in the range of
2.10-2.15, we can talk about the so-called simple replacement of generations. This means
that, in the assumed situation, each woman of reproductive age gives birth to slightly more
than two children on average. Such a state is desirable in order to be able to ensure an
optimal size of the workforce in the future, and thus not to overburden the pension system.

The unfavorable demographic situation in the Pomerania Voivodeship and in Poland
has a very significant impact on the activity of the regional labor market. The related
problems include the limited mobility of employment and the reduced ability to flexibly
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respond to changes in the labor market. A large group of the unemployed are people with
higher education. Local authorities should support entrepreneurship by creating favorable
employment conditions in micro- and small enterprises, which, inter alia, produce energy
from RE sources [55].

Graduates of secondary schools (general and vocational) occupy a dominant position
in the structure of the population according to the level of education; currently, the per-
centage of such people is 29.0%. Since 1995, the share of people with higher education in
the 24-64 age group has increased from 9.7% to 21.2% [67]. Internet access, RE promotion
(seminars, conferences, shows), and Poles traveling abroad have contributed to a gradual
increase in knowledge of and support for RE. Secondary school students indicated that they
learn about RE from the Internet, television and newspapers, and, to a lesser extent, from
the curriculum content at school. Most of them assess their knowledge of RE as not very
high. It is worth noting that teachers judge their knowledge of RE as good or very good,
while information on RE is obtained mainly from the Internet and television [55]. Polish
society has agreed to build a low-carbon economy, provided that it does not significantly
increase the prices of energy and consumer goods. The respondents to this survey almost
unanimously believed that the further development of renewable energy sources would
have a positive impact on reducing the emission of pollutants into the environment [55].

Until recently, there were no fields of study related to RE offered by universities.
Around 40 Polish universities have introduced to their offer fields of study/subjects related
to RE sources. For example, at the Gdansk University of Technology, one can study “Green
technologies and monitoring” [55].

The rapidly developing RE sector is looking for new employees, most often in rural
areas, i.e., areas with a high unemployment rate. The technology of agricultural biogas
plants fits perfectly into this scheme, thanks to which unemployment in Northern Poland
may drop. Membership in the EU ensures the free movement of new technologies, as well
as scientists and employees, in the RE sector.

2.4. PEST Analysis—Technological Environment

In recent years, the RE sector has been developing rapidly in Poland and around the
world. Moreover, numerous studies have been conducted to increase the durability and
efficiency of RE installations. These studies, as well as the increasing demand, make it
possible to reduce/maintain the prices of RE installations [55].

Table 4 presents the technological environment of RE in the Pomerania Voivodeship
in the context of its development potential. It needs to be highlighted that Polish power
blocks are obsolete. Due to their poor technical condition, shutdowns are anticipated
in the future. On 1 January 2018, the “Adamdéw” power plant was shut down. The
electricity transmission network is poorly developed. It should be emphasized also that
the Pomerania Voivodeship has excellent conditions for the development of RE—so it is
worth developing small, local RE installations that will transmit energy almost without
grid losses [55].

In Poland, there is little cooperation between industry and science. This also applies
to RE. This cooperation is necessary to develop modern and cheap RE technologies. An
opportunity for the development of this sector is the creation of numerous cluster initiatives,
based on the endogenous potential of a given region. The efficiency of RE installations is
equal to and sometimes exceeds that of conventional energy installations. Hydroenergy
power plants obtain energy with an efficiency of up to 90%, while agricultural biogas
plants, cogenerating electricity and heat, achieve efficiency of up to 85% [55].
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Table 4. The technological environment of RE in the Pomerania Voivodeship (author’s own work).

Factor Strengthening the RE Sector

1. Innovativeness of the economy and the RE 4.50
2. Energy infrastructure 2.50
3. The power grid in the Voivodeship 2.00
4. Economy-science cooperation 2.00
5. RE efficiency 4.00
6. RE potential in the Voivodeship 4.50
7. EU membership 4.50

Overall assessment 3.43

The RE potential calculated in Section 3 in the Pomerania Voivodeship is high. The
amount of electricity would cover the Voivodeship’s electricity needs, and 53% of its heat
needs. Membership in the EU is an opportunity for the further economic development of
Poland, including the RE sector. Cooperation and knowledge exchange take place within
the European Research Area. The information society is developing.

3. Evaluation of Renewable Energy in the Pomerania Voivodeship—Physical Aspects
3.1. Use of Biomass in the Pomerania Voivodeship

Two biomass power plants with a total capacity of 2350 MW are operating in the
Pomerania Voivodeship [73]. The area of energy plantations in the Voivodeship currently
amounts to nearly 1.7 thousand ha [74]. Four species of plants are cultivated: three woody
species—willow, poplar, and birch—and one species of grass from the genus Miscanthus.
The crop structure is dominated by fast-growing poplar, amounting to 68%, with willow
constituting 20% and Miscanthus constituting 12%, while birch is grown in negligible
amounts. There are 40 wood biomass boiler houses with a total capacity of nearly 105 MW
in the Pomerania Voivodeship. These are mainly wood-fired boiler houses; there are a few
with pellets, and the boiler house at IP Kwidzyn operates with waste from the pulp and
paper industry [75]. The number of straw-fired boiler houses in the Pomerania Voivodeship
ranges from 25 to 30. Previously, boilers based on various Danish technological solutions
were used; after being depleted, they were then replaced with more effective boilers fired
with wood chips and pellets [75].

In the CHP plant in Lebork, waste generated in sawmills or furniture factories is the
substrate used for the production of heat and electricity. The choice of biomass is not
accidental. In the vicinity of Lebork, there are many farms (which can supply plant waste
or switch to high-energy crops) and wood processing plants (which also produce wood
waste). The plant has three chippers for biomass homogenization (Figure 4) [76]. Thanks
to these activities, the old heating plant has reduced the combustion of coal, which had a
negative impact on the environment and the health of the inhabitants.

According to the data of the Agricultural Market Agency, in the Pomerania Voivode-
ship, in Malbork, there is a plant producing biodiesel in the amount of 159 million dm?,
and in Goszyn, there is a plant producing bioethanol in the amount of 32 million dm?. In
turn, Gdarsk produces:

e liquid biocarbon in the amount of 286 million dm?;
e  biopropane in the amount of 32 million dm?;
e biohydrogen in the amount of 1120 million dm? [77].



Energies 2021, 14, 8221 11 of 27

Figure 4. Chipper for biomass homogenization in Lebork (photo: B. Igliriski).

There are 22 biogas plants in operation in the Voivodeship, with a total capacity of
21,843 MW (data from the Energy Regulatory Office [78]; 20 biogas plants according to the
Pomerania Spatial Planning Office [75]). According to the register of agricultural biogas
producers, 10 agricultural biogas plants operate in the Pomerania Voivodeship (Table 5).

Table 5. Characteristics of agricultural biogas plants in the Pomerania Voivodeship (author’s own study from: [75,78]).

Annual Production

i 3 Power (MW)
City Substrates Efﬁ]c;'ency (min m (GWh/Year)
iogas/Year) — —
Electricity Heat Electricity Heat
Koczata Slurry, maize silage, straw 9.200 2.126 2.206 18.000 19.500
Pawtwko Slurry, maize slaughterhouse 3.810 0.946 0.420 3.000 3.900
waste, glycerin
Slurry, maize silage, waste plant
Plaszczyca mass, waste from processing 2.900 0.625 0.600 5.300 5.900
plant products
Uniechowek Slurry, maize silage 4.500 1.063 1.081 8.380 8.696
Darzyno Potato waste, maize silage, 10.000 2.400 2.400 18.500 12.000
miscellaneous waste, slurry
Lebork Potato peelings, sewage sludge 3.500 1.200 1.251 9.328 no data
Tragamin Cornssilage, grass silage, 3.500 0.800 5.540 4.860 no data
manure, haylage, bio-waste
Jaromier; ~ ‘*gricultural substrates, potato 5.000 0999 8.360 8670 nodata
pulp, bio-waste
Plaszczyna Distillation b.rOth' corn silage, 11.000 2.000 no data no data no data
grain chaff
. 0.330
Niedamowo Pig slurry, vegetable and 1.222 (possible 0.365 no data no data

food waste .
extension)
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3.2. Biomass Potential in the Pomerania Voivodeship
3.2.1. Amount of Energy from Wood Harvested from Forests and Wood Industry

The technical potential of waste solid biomass and biogas from wastes in the Pomera-
nia Voivodeship was calculated. The main source of energy is waste. In order to calculate
the available energy, the following assumptions were made:

e  15% of wood harvested in the forest is “waste wood” [55];

e the calorific value of biomass from forests is 7 GJ /m? (in the Voivodeship, pine is the
dominant species) [79];

e theefficiency of obtaining energy is 80% (electricity from solid biomass will be obtained
with an efficiency of 30%, and heat with an efficiency of 50%).

Formula (1) shows the annual amount of energy that can be obtained from wood
harvested directly, i.e., logging in forests:

Eww = 0.8:0.15-Iyy- Wiy, 1)

where: E,—energy from wood generated in the process of logging (P]/year), I,—amount
of wood harvested annually in forests (3.23 million m?/year), Wy,—calorific value of
biomass (7 GJ/m?).

The amount of energy that can be produced from waste wood from forests in the
Pomerania Voivodeship is 2.71 PJ/year (283 GWh/year of electricity and 1.69 PJ/year of
heat). In order to estimate the annual energy possible from waste wood from the wood
industry, the same assumptions were made, but it was assumed that industrial and post-use
waste wood constitutes 25% of that harvested [53].

Formula (2) shows the amount of energy that can be obtained from wood in the
woodworking industry:

Ewi =0.8-0.25-I,y-Wy, 2)

where: E,,j—energy from wood generated in the wood industry (PJ/year), I,,—amount of
wood harvested annually in forests (3.75 million m?/year), Wy—calorific value of biomass
(7 GJ/m®),

The amount of energy that can be produced from waste wood from the wood industry
in the Pomerania Voivodeship is 4.52 PJ/year (472 GWh/year of electricity and 2.92 P]/year
of heat).

A total of 40% of biomass from forests can be allocated to energy purposes (formula (3)):

Ew = 0.8:0.4-T,y- Wy, 3)

where: E,—energy from wood generated during logging and in the wood industry
(PJ/year), Iy,—amount of biomass harvested annually in the Voivodeship’s forests (3.75 mil-
lion m3/ year), Wy—calorific value of biomass (7 GJ/ m?).

The obtained amount of energy that can be produced every year from waste wood in
the Pomerania Voivodeship is 7.23 P] /year (755 GWh/year of electricity and 4.51 PJ/year
of heat).

3.2.2. The Amount of Energy from Waste Biomass from Orchards

Orchard wood waste comes from both maintenance (e.g., cutting branches) and
cleaning. The amount of wood produced annually during maintenance works varies
depending on the age and species of trees—on average, it amounts to 7 Mg/ (ha-year) [80].
As a result of the grubbing up of orchards, it is possible to obtain approx. 60 Mg/ha in the
case of modern, low-growing plantations (15 years) and 80 Mg/ha of biomass in the case of
older plantations (30 years) [80]; annually, this amounts to approximately 3.5 Mg/ (ha-year).
In order to calculate the available energy, the following assumptions were made:

e  30% of wood harvested in orchards can be used for energy purposes [55];
e  grubbing up produces 3.5 Mg/ (ha-year) of wood [80];
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7 Mg/ (ha-year) of wood is produced as a result of maintenance work [80];

the calorific value of wood of fruit trees is, on average, 11.5 GJ /Mg [55,80];

the efficiency of obtaining energy is 80% (electricity from solid biomass will be obtained
with an efficiency of 30%, and heat with an efficiency of 50%).

Formula (4) shows the amount of energy that can be obtained from waste orchard wood:
Eo =0.8:0.3-(Kg + Kc)-Po-Wo, 4)

where: E,—energy from orchard wood waste (P]/year), Ks—amount of wood harvested
annually as a result of grubbing up one hectare of orchard (3.5 Mg/ (ha-year)), K.—the
amount of wood harvested annually as a result of cultivation works per hectare of the
orchard (7 Mg/ (ha-year), Po—orchard area (2.0 thousand ha), Wy—calorific value of
biomass from orchards (11.5 GJ/Mg).

The obtained amount of energy that can be produced every year from waste wood
from orchards in the Pomerania Voivodeship is 0.058 PJ/year (6 GWh/year of electricity
and 0.04 P]/year of heat).

3.2.3. The Amount of Energy from Surplus Straw

In recent years, the agriculture of the Voivodeship has been dominated by the culti-
vation of cereals: rye, wheat, barley, oats, triticale, and cereal mixtures. According to the
data of the Central Statistical Office, the annual weight of cereal grain harvested in the
Pomerania Voivodeship is 874 thousand Mg/year of wheat, 181 thousand Mg/ year of rye,
126 thousand Mg/ year of barley, 66 thousand Mg/ year of oats, and 222 thousand Mg/year
of triticale [81,82].

In order to calculate the available energy, the following assumptions were made:

e the grain/straw ratio is, respectively, 0.8 for wheat, 1.4 for rye, 0.9 for barley, 1.05 for
oats, and 0.95 for triticale [4];
30% of produced straw is surplus that can be used for energy purposes [55];
the calorific value of straw (with a moisture content of approximately 20%) is, on
average, 15 GJ /Mg [83,84];

o theefficiency of obtaining energy is 80% (electricity from solid biomass will be obtained
with an efficiency of 30%, and heat with an efficiency of 50%).

Formula (5) shows the amount of energy that can be obtained from straw:
Es =0.8:03:(Zw /Wy + Zy /Wy + Zip /Wi + Zo/Wo + Z /Wi)- Wy, 5)

where: Es—energy from straw (P]/year), Ws—the calorific value of straw (15 GJ/Mg) [4],
Zyw, Ly, 2y, Zo, Zy—annual crops of cereal grains (wheat, rye, barley, oats, triticale) (million
Mg/year), wyw, Wy, Wy, Wo, Wy—grain/straw ratio, respectively, 0.8, 1.4, 0.9, 1.05, 0.95 [53].

The obtained amount of energy that can be produced every year from surplus straw in
the Pomerania Voivodeship is 5.97 P]/year (622 GWh/year of electricity and 3.73 PJ/year
of heat).

3.2.4. The Amount of Energy from Hay from Unused Pastures and Meadows

The Pomerania Voivodeship has a large area of pastures and meadows; according to
the data of the Central Statistical Office, this amounts to 22 thousand ha and 106 thousand
ha, respectively [83]. Due to the reduction in the number of livestock (mainly cattle), as
well as the change in the animal nutrition system, most of the meadows and pastures are
not used. In order to calculate the available energy, the following assumptions were made:

e 15% of pastures and meadows can be used to grow hay for energy purposes [55];

e annual weight of biomass harvested per hectare of pastures is 3.6 Mg/ (ha-year), and
4.9 Mg/ (ha-year) of meadows [80];

e  hay’s calorific value is 14 G] /Mg [85];



Energies 2021, 14, 8221

14 of 27

e theefficiency of obtaining energy is 80% (electricity from solid biomass will be obtained
with an efficiency of 30%, and heat with an efficiency of 50%).

Formula (6) shows the amount of energy that can be obtained from hay from unused
pastures and meadows (PJ/year):

Ej, = 0.8-0.15-(2p-Pp + ZmPum)- Wy, (6)

where: E,—energy from hay from pastures and meadows (PJ/year), z,, zm—weight
of hay harvested annually per hectare from pastures and meadows (3.6 Mg/ (ha-year)
and 4.9 Mg/ (ha-year), respectively), Pr,, Pp—area of pastures and meadows (million ha),
Wy—hay’s calorific value (14 GJ/Mg).

The obtained amount of energy that can be produced every year from hay from unused
meadows and pastures in the Pomerania Voivodeship is 1.0 PJ/year (104 GWh/year of
electricity and 0.63 PJ/year of heat).

3.2.5. The Amount of Energy from the Salix Viminalis Cultivated on Wasteland, Fallow
Land, and 5% of the Cultivated Area

The Pomerania Voivodeship has a large area of wasteland (post-industrial and de-
graded areas) and fallow areas; according to the data of the Central Statistical Office, this
amounts to 41.2 thousand ha and 12.6 thousand ha, respectively [83]. This land can be used
for the production of energy crops: grasses (e.g., Miscantus), cereals (straw and bioethanol),
trees (e.g., Populus L.), or shrubs (e.g., Salix viminalis). In this study, it was assumed that this
would be Salix viminalis; it is a native species [86]. Salix viminalis tolerates the agroclimatic
conditions practically all over Poland very well [82]. It was additionally assumed that
5% of the agricultural land area, i.e., 34.9 thousand ha, would be used for the production
of bioenergy.

In order to calculate the available energy, the following assumptions were made:

e 20% of wasteland, 50% of fallow land, and 5% of agricultural land can be used for
growing basket willow for energy purposes [55];

e the annual yield of Salix viminalis per hectare is 8 Mg/ (ha-year), both on fallow land
and wasteland, and on arable land, it is 16 Mg/ (ha-year) [80];
the calorific value of Salix viminalis is 19 GJ /Mg [87];
the efficiency of obtaining energy is 80% (electricity from solid biomass will be obtained
with an efficiency of 30%, and heat with an efficiency of 50%).

Formula (7) shows the amount of energy that can be obtained from the Salix viminalis
grown on unused fallow land and wasteland:

Ep = 0.8:[Qs(0.2-Pyy + 0.5-P) + Qu-0.05-P,]- Wy, @)

where: E,—energy from basket willow grown on wasteland, fallow land, and agricul-
tural land (T]/year), Q¢—annual yield of basket willow per hectare on fallow and barren
fields (8 Mg/ (ha-year)), Q,—annual yield of Salix viminalis per hectare on arable land
(16 Mg/ (ha-year)), Pg, Py, P,—area of wasteland, fallow land, and arable land (thous. ha),
W,y—calorific value of biomass of Salix viminalis (19 G]/Mg).

The obtained amount of energy that can be produced every year from basket willow
grown on fallow land, wasteland, and agricultural land in the Pomerania Voivodeship is
10.3 PJ (1073 GWh/year of electricity and 6.44 PJ/year of heat).

3.2.6. Biogas Production from Waste
The Amount of Energy from Biogas from Animal Slurry and Bird Manure
It was assumed that biogas in the Pomerania Voivodeship would be produced from

liquid manure and bird droppings, as well as from municipal waste and sewage sludge.
According to the data of the Central Statistical Office, the total number of cattle, pigs, and
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poultry was 219,000, 772,000, and 6,499,000, respectively [83]. In order to calculate the
available energy, the following assumptions were made:

e  coefficients for converting animals into “large livestock units” (LLU) (500 kg) are 0.8
for cattle, 0.2 for pigs, and 0.004 for poultry [55];

e the average weight of animal slurry or bird droppings produced by an LLU is
449 kg/day for cattle, 43.5 kg/day for pigs, and 26.8 kg/day for poultry;

e  Dbiogas yield from slurry is 0.050 m3/kg, from pig slurry is 0.055 m®/kg, and from bird
manure is 0.140 m3/ kg [88];

e  biogas from animal slurry or bird droppings contains 60% of methane, with a calorific
value of 35.73 MJ/m? [88];
the technical potential of utilization biogas is 20% of the theoretical potential;
the efficiency of obtaining energy is 80% (electricity from biogas will be obtained with
an efficiency of 35%, and heat with an efficiency of 45%).

Formula (8) shows the annual amount of energy that can be obtained from biogas
obtained from animal slurry or bird manure:

Epg = 0.8:0.2:0.6-(0.8-Nc-Ie-Uc + 0.2:Np-Ip-Up + 0.004-Npo-Ipo-Upo) Win, ®)

where: Epg—energy from biogas obtained from animal slurry or bird manure (T]/year),
N¢, Np, Npo—number of cattle, pigs, poultry (million heads), I, Ip, Ipo—annual weight of
animal slurry or bird droppings from a large unit count of cattle (16.4 Mg/ year), pigs
(15.9 Mg/year), poultry (9.8 Mg/year), U, Up, Upo—Dbiogas yield from cattle slurry
(50 m3/Mg), from pig slurry (55 m3/Mg), from bird manure (140 m3/Mg) [4], Wiy—
methane’s calorific value (35.73 MJ/m?3).

The obtained amount of energy that can be produced every year from the utilization
of biogas from animal slurry or bird manure in the Pomerania Voivodeship is 1.08 PJ
(112 GWh/year of electricity and 0.68 P]/year of heat).

The Amount of Energy from “Landfill” Biogas

The Pomerania region generated an annual mass of municipal waste amounting
to 869 thousand Mg/ year (data of the Central Statistical Office, Households and Public
Utility Facilities [84]). Unfortunately, only approximately 20% of the theoretical potential is
represented by biogas from municipal waste.

The potential energy calculation was based on the following assumptions, assuming
that the biogas yield from municipal waste is 100 m3 /Mg [55]:

e biogas from municipal waste contains 55% methane, with a calorific value of
35.73 MJ/m? [88];

e the technical potential of the utilization of biogas accounts for 20% of the theoretical
potential;

e the efficiency of obtaining energy is 80% (electricity from biogas will be obtained with
an efficiency of 35%, and heat with an efficiency of 45%).

Formula (9) shows the amount of energy that can be obtained from biogas obtained
from the biodegradable fraction of municipal waste:

Epo = 0.8-0.2:0.55-Np,-Up - Wi, )

where: Ep,—energy from biogas from the biodegradable fraction of municipal waste
(T]/year), Np,—mass of biodegradable fraction of municipal waste (million Mg/year),
Up,—Dbiogas yield from the biodegradable fraction of municipal waste (100 m3/Mg) [53],
W—methane calorific value (35.73 MJ/m?3).

The amount of energy that can be obtained annually from biogas from the biodegradable
fraction of municipal waste in the Pomerania Voivodeship is 0.273 PJ/year (28 GWh/year of
electricity and 0.154 PJ/year of heat).
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The Amount of Energy from Biogas in Wastewater Treatment Plants

In the Pomerania Voivodeship, 44.8 million m® of municipal wastewater is treated
annually [89]. It was assumed that 50% of the sewage flowing into the treatment plant
would obtain sludge (constituting 1% of the sewage) and that 1 m> of sludge can be used
to obtain 15 m? of biogas [88].

In order to calculate the available energy, the following assumptions were made:

50% of municipal wastewater will be used to obtain biogas [55];

the volume of sewage sludge is 1% of the incoming municipal sewage [88];

biogas yield from sewage sludge is 15 m®/m? = 15 [88];

biogas from sewage sludge contains 60% methane, with a calorific value of
35.73 MJ /m? [90];

e the efficiency of obtaining energy is 80% (electricity from biogas will be obtained with
an efficiency of 35%, and heat with an efficiency of 45%).

Formula (10) shows the amount of energy that can be obtained from biogas obtained
from sewage sludge:
Eps = 0.8:0.5:0.01:0.6-Vips-Ups Wy, (10)

where: Eps—energy from utilization biogas from sewage sludge (TJ/year), Vi,c—annual
volume of municipal wastewater flowing into the treatment plant (million m3/year),
Ups—Dbiogas yield from sewage sludge (15 m3/m?3) [88], W—methane calorific value
(35.73 MJ/m3).

In total, 3.4 million m® of biogas can be obtained in the Pomerania Voivodeship, i.e.,
approximately 0.13 PJ/year of energy (13 GWh/year of electricity and 0.07 PJ/year of heat).

3.3. Wind Energy in the Pomerania Voivodeship

As shown in the wind speed map at the height of 140 m (Figure 5), it can be stated that
the Pomerania Voivodeship provides very favorable conditions for wind energy generation.
The Voivodeship is especially well-suited for the development of wind energy—not only
on land but also offshore. Offshore wind energy may become a flywheel for companies
from the region, including shipyards, which already today produce components for the
offshore industry [91].

average wind speed [m/s]

0.01-3.00
3.01-6.00
6.01-9.00
9.01-12.00

Figure 5. Wind speed analysis. Height of 140 m (own study from [92]).
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The total capacity of wind farms in the Pomerania Voivodeship is 786 MW. In the
draft program for the development of offshore wind energy and maritime industry, taking
into account the available area of the Polish exclusive economic zone (2000 km? by 2030),
wind conditions, productivity, and installed power density (6 MW /km?), the theoretical
potential was estimated at the level of 12 GW, with a generation potential of approximately
48-56 TWh. On the other hand, the technical potential of offshore energy was estimated to
reach 7.4 GW by 2030 (Figure 6) [93].

sea-land connections.
connections for offshore

wind farms
Polish Baltic rail

offshore wind farm
[T tocation areas

0 25 50km
S S—

Figure 6. Potential locations of offshore wind farms in Poland (own study from [93]).

The Polska Grupa Energetyczna (Polish Energy Group) and Danish Jrsted have
signed an investment agreement aimed at the development, construction, and operation of
two offshore aeroenergy projects in the Baltic Sea, with a total capacity of approximately
2.5 GW. These are the Baltica-3 Wind Power Plant, with a capacity of over 1 GW, and
the Baltica-2 Wind Power Plant, with a capacity of approximately 1.5 GW. Baltica-2 and
Baltica-3 are eligible for participation in 2021 in the first phase of the operation of the
offshore wind support scheme in Poland for wind farms with a total capacity of 5.9 GW.
This system is a result of the new act to promote electricity generation in offshore wind
farms, which was announced on 3 February 2021 in the Journal of Laws [94].

The technical potential of wind energy in the Pomerania Voivodeship was calculated.
For this purpose, it was assumed that 140 m turbines will be erected, which means that
the height of a turbine with a blade will be 215 m (h). The “Distance Act” [56] requires
that the distance from residential buildings, areas of natural protection, and promotional
forest complexes should be 10 h, i.e., 2150 m. The calculations performed indicate that
the total area of the available areas is 60 km?, i.e., only 0.3% of the area of the Pomerania
Voivodeship (Figure 7). The amount of energy generated from aeroenergy in the Pomerania
Voivodeship is 5.68 PJ, or 1.56 TWh. It is possible to make these assumptions early on,
and this is the result of the “Distance Act” [56]. Its relaxation llows this system to produce
many times more energy.
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Figure 7. Area available for the development of aeroenergy in the Pomerania Voivodeship
(own study).

3.4. The Potential of Hydropower in the Pomerania Voivodeship

The Pomerania region lies on the outskirts of two rivers—the Odra and the Vistula.
As part of the Vistula River, which covers 86% of the province, it is possible to distinguish
two hydrographic systems—Kashubian and Delta. According to Energy Regulatory Office
data [78], there are 108 hydropower plants in the Pomerania Voivodeship, with a capacity
of 34 MW. Considering that g = 9.81 m/s? and p = 1000 kg/m? and then = 0.85, we obtain:

P=9.81-0-Hn (11)

where:

—the capacity of a water turbine, or the volume of a stream of water flowing through the

turbine within 1 s (m3/s);

H—head (m);

—the efficiency of the water turbine, the gear, and the generator (Korolewski and Ligocki 2004).
Assuming efficiency at the level of 85%, we obtain the following model:

P =834-H-0 (12)

Assuming that the electronics will be able to operate for 6000 h/year at full power, i.e.,
21,600,000 s/year, the annual amount of electricity from a given hydroelectric power plant
E,j, for the output year (after conversion Wh to MWh), can be calculated as follows [4]:

Ex =21.6-P (13)

In the Pomerania Voivodeship, there are a number of facilities that can be used to
produce electricity. These provide equally inexhaustible levels of water, serving in the past
to fulfil energy targets, as well as for the identification of objects present in water during
land reclamation. Based on the Equation (13) and data of the National Water Management
Board on the levels of leveling and flooding (clearer, overflows) of water on the general
furnaces, the theoretical power of electric and electric water, which can be calculated,
is calculated.

In the Pomerania Voivodeship, the number of existing dams is:

e 154 dams on which a small hydropower plant (SHP) with a capacity of less than 5 kW
can be placed;
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95 dams on which a 5-10 kW SHP can be placed;

88 dams on which a 10-20 kW SHP can be placed;

67 dams on which a 20-50 kW SHP can be placed;

35 dams on which a 50-100 kW SHP can be placed;

48 dams on which one can place an SHP with a capacity of 100-500 kW;

4 dams on which an SHP with a capacity of over 500 kW can be placed (Figure 8).

kW
0<5

5-10
10-20
20 - 50

050 - 100
©100 - 500
> 500

Figure 8. The location of the dams and the power of small hydroenergy plants that can be built in
the Pomerania Voivodeship (own study from [95]).

The total theoretical electric power of all dams is 40.1 MW. This potential can, of
course, be increased by building new water dams.

3.5. Solar Energy in the Pomerania Voivodeship
3.5.1. PV Potential on Roofs

The Pomerania Voivodeship has average/good conditions for the development of
solar energy. At the end of 2020, there were already 89 photovoltaic (PV) farms in the region,
with a total capacity of 59.2 MW [78]. There are also thousands of prosumer installations
and thousands of solar collectors.

It was assumed that 10% of roofs in the Pomerania Voivodeship will be covered by PV.
The value of electricity that can be obtained from the PV panels can be obtained from the
following formula [55]:

E; =0.1.0.15-P4-U-N, (14)

where: E;—electricity that can be obtained annually from PV on roofs (J/year), Pq—roof
area (62.3 km?) (m?), U—insolation (h/ year), converted to (s/year), N—insolation (W/m?2).
The received annual amount of energy is 0.231 TWh (833 TJ).

3.5.2. PV in Wasteland

The Pomerania Voivodeship has a large area of wasteland, with a total area of
41.2 thousand ha [80]. It was assumed that 20% of the wasteland in the Voivodeship
will be subjected to reclamation in the “energy direction”, where PV farms will be erected.
The calculations took into account the insolation and solar irradiance of individual areas
of Poland (data from the Institute of Meteorology and Water Management), and then the
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amount of electricity that can be obtained from PV panels with an efficiency of 15% was
calculated, using the following formula [55]:

Ew = 0.20-0.15-Pn-IS, (15)

where: E;,—electricity that can be obtained annually from PV in wasteland (J/year), P,—
wasteland area (m?), I—insolation (h/ year), converted to (s/year), N—solar irradiance
(W/m?).

The amount of electricity generated from PV will be 1.14 TWh (4120 TJ).

3.5.3. PV on Roads

The total length of public roads with hard surfaces in the Pomerania Voivodeship
is 14,547 km [96]. It has been assumed that it is technically possible to place 10-m-wide
photovoltaic panels on 10% of the road length. We calculated how much electricity can be
obtained with PV panels with an efficiency of 15%, using the following formula:

E, =0.10-0.15-D;-U"N, (16)

where: E,—electricity that can be obtained annually from PV (J/year), D;,—length of
roads with hard surface (m), U—insolation (h/year), converted to (s/year), N—insolation
(W/m?).

The calculated amount of obtainable electricity is 8112 TJ, i.e., 2254 TWh. The electricity
produced can be used to power traffic lights, roadside bars, restaurants, etc. The estimated
total amount of energy that can be obtained from PV in the Pomerania Voivodeship is
3625 TWh. Of course, this potential can be increased by making greater use of, for example,
roofs or closed landfills.

3.6. Geothermal and Heat Pumps in the Pomerania Voivodeship

Figure 9 shows geological wells with a depth of at least 500 m in the Pomerania
Voivodeship. Some of them could be used in the future to build heating plants and/or
geothermal thermal springs [97]. In general, the Pomerania Voivodeship does not have
sufficient conditions for the development of “deep” geothermal energy. However, heat
pumps can be used on a large scale in this region.
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It was assumed that heat pumps will be installed in schools, kindergartens, accom-
modation, and cultural facilities. It was assumed that every fifth facility with a building
area of 1500 m? will be heated on average, and the heat pump’s heating power will be
70 W/m?. The power of the heat pump P is the product of the area and the unit power
of 70 W/m? [55]. Assuming an operating time of 2000 h a year and a heat pump’s coeffi-
cient of performance (COP) = 3.8, the annual amount of heat produced can be calculated
as follows:

E=P-COP-, (17)

where: E—heat production (M]/year), P—power of heat pumps (MW), COP—coefficient
of performance, t—annual operation time of the heat pump.

The calculated amount of energy for heat pumps in schools in the Voivodeship is
1708 PJ.

In 2020, there were 1555 tourist accommodation establishments in the Pomerania
Voivodeship (as a result of the COVID-19 pandemic, this figure has decreased by 103 less
compared to 2019), including hotels, motels, and guest houses [92]. It was assumed that
20% of such facilities will have a heat pump, the average area of a single facility is 1000 m?,
and the heat pump’s heating power is also 70 W/m? [53]. Assuming the operation of heat
pumps for 2000 h a year, on the basis of formula (16), it was calculated that the annual heat
production in the Voivodeship will be 0.614 PJ.

In 2019, a total of 330 cultural facilities operated in the voivodship [98]. It was assumed
that 20% of such facilities will have a heat pump, the average area of a single facility is
500 m?, and the heat pump’s heating power is also 70 W/m? [53]. Assuming the operation
of heat pumps for 1500 h a year, based on formula 17 it was calculated that the annual heat
production in cultural facilities would amount to 0.052 PJ.

4. Discussion

The political environment of RE science and research can be classified as relatively
neutral (3.29 points) in the Pomerania Voivodeship. The main opportunity for the develop-
ment of RE is represented, above all, by Poland’s participation in the structures of the EU
and active participation in the European Research Area. The main threats to the sphere of
science and research in RE include extensive and complicated laws and low effectiveness
in the practical implementation of the assumptions of the innovation policy.

The economic environment can be considered relatively conducive to the development
of RE (3.56 points). One opportunity for development is, first of all, membership in the
EU, which allows for financing research and investments in RE. Additionally, another
opportunity is the relative stability of the economic situation in the Pomerania Voivodeship,
as well as the innovativeness and activity of investors. Risks include high investment costs
and fluctuating green certificate prices.

The social factor can be classified as positive to the RE sphere (3.50 points). The main
opportunity is, above all, membership in the EU and the use of integration processes to
educate society. Transnational partnership and investments in human capital are being
developed. The main threats include the maintenance of the low reputation of science in
society, the aging of society, and the demographic decline.

The technological factor can be considered neutral (3.43 points). The main opportunity
for development is primarily the high efficiency of RE installations, as well as the transfer
of technologies and techniques. The greatest threats are the poor condition of the power
grid in Poland, little cooperation between science and the economy, and too few domestic
producers of RE installations.

In summary, the PEST analysis shows that there are opportunities for the further
development of RE in the Pomerania Voivodeship. Friendly legal regulations, greater
financial subsidies, public education, and the development of domestic producers of RE
installations may contribute to a significant reduction in GHG emissions and the greater
energy independence of Poland.
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The idea of the balanced development of the Pomerania Voivodeship is based on the
rational production of energy from natural resources and renewable sources. Equilibrium
(eco-development) has made it possible to meet the economic, social, and environmental
needs of the next generation without compromising on the ability to meet the needs of
future generations. The Pomerania region already ranks third in Poland in terms of the
generation of electricity from renewable sources. In quantified terms, the use of RE in the
Pomerania Voivodeship appears satisfactory, although the production of “green energy”
still shows room for development [99]. Bioenergy, PV, and aeroenergy are characterized by
the greatest potential regarding RE in the Pomerania Voivodeship. The potential of wind
energy is significant in the case of the “Distance Act” agreement. The construction and
operation of offshore wind farms will be a great opportunity for the economic development
of the Pomerania Voivodeship. Then, the Voivodeship will become the main exporter of
energy in Poland.

The Pomerania Voivodeship can become energy-independent in the future. The
potential of RE electricity is greater than needed, and it is necessary to increase the amount
of biomass for heating needs, and to install more solar collectors and heat pumps, as well
improving the energy efficiency. RE may become an important factor for the economic
development of the Pomerania Voivodeship. Today, there is a great demand in Poland for
heat pumps and solar panels. Their production and assembly should be carried out by
Polish companies. The development of RE in the Voivodeship is also an opportunity for
cheaper electricity and heat. Each new RE installation/power plant brings huge financial
benefits for the Voivodeship. Various types of taxes are transferred to the Voivodeship’s
coffers. A new RE plant means new jobs, resulting in a decline in unemployment in
the voivodship.

Table 6 shows the amount of energy that can be obtained from RE in the Pomerania
region. The energy mix should consist of bioenergy, aeroenergy, and PV. It should be em-
phasized that the energy mix will allow the energy self-sufficiency of the Pomerania region.
When investing in RE, one should also consider strategies to increase energy efficiency.

Table 6. Annual potential electricity and heat from renewable sources in the Pomerania Voivodeship
(author’s own study).

RE Sector Electricity (TWh/Year) Heat (PJ/Year)
Bioenergy 3.03 16.17
Aeroenergy 1.56
Hydroenergy 0.15
PV 3.63
Heat pumps 2.37
Summary 8.37 18.56

In the Pomerania region, in 2018, 35 PJ of heat and 7.5 TWh of electricity were con-
sumed. According to the authors’ calculations, the obtainable amount of energy from RE
would be 8.37 TWh, in which the total amount of heat 18.56 PJ (Table 6). The calculated
amount of electricity would cover the entirely of the Voivodeship’s electricity needs, and
53% of its heat requirement [100]. Heat consumption should be reduced through ther-
mal modernization measures. After thermal modernization, a building can consume up
to 60-70% less energy than before modernization. Thus, passive, zero-energy, or even
plus-energy buildings are becoming increasingly popular.

5. Summary

The focus of this article concerned the problem of the energy transformation of the EU
countries, which is understood as the transition to an economy that produces and consumes
largely energy from renewable sources. It was emphasized that the strategic goal of the
EU’s energy policy is the transition to a “green economy”. According to the EU strategy,
the activities carried out by 2050 are expected to lead to the improvement of the energy
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sector towards neutrality to the climate and the environment. Transforming the economies
of the EU Member States into environmentally neutral economies requires huge effort in
changing and adapting many governmental/institutional policies, business strategies, and
consumer behavior. It is a great challenge for the EU to set up coordinated strategies at
national and local levels to reduce energy consumption and waste to zero by 2050 and
become the first climate-neutral continent. Even the short-term goals (2030) proposed in the
EU strategy must be based on coordination within all four aspects: institutional, economic,
environmental, and physical aspects. We performed our study at the regional level in terms
of RE and energy transformation in several steps.

The PEST analysis to study the macro-environment of the Pomerania Voivodeship
was performed first. The authors found that the policy in the field of RE at the Voivodeship
level is not very conducive to the renewable energy sector. The RE Act [55] is quite often
amended and this discourages potential investors; however, the Polish energy policy until
2040 offers an opportunity for the development of RE in the Pomerania Voivodeship.
Despite the unfavorable institutional and demographics in the Pomerania Voivodeship, we
evaluated the economic environment of RE in the Pomerania Voivodeship in the context of
its development potential quite positively (3.56 out of 5). The PEST analysis showed that
RE sector has a chance for further development in the Pomerania Voivodeship.

Next, the authors evaluated the physical potential of RE in the region. On the basis of
the conducted analyses, it was found that the Pomerania Voivodeship offers very favorable
conditions for wind energy and solar energy but does not have these conditions for “deep”
geothermal energy (however, heat pumps can be used on a large scale here). We can
conclude that the Pomerania Voivodeship displays all the necessary physical conditions
for the production of energy from renewable sources.

Our goal was to examine the situation of the RE sector in the Pomerania region in the
context of energy transformation. The Pomerania Voivodeship has an appropriate level
of RE potential and may become an energy self-sufficient region. The estimated amount
of RE electricity may also cover the Voivodeship’s needs. The implementation of the goal
allowed for the verification of this hypothesis, which confirms that all the EU’s Member
States” and regional governments’ efforts are reasonable and the SDGs are achievable.

In summary, we can state that the calculated amount of electricity would cover fully
the Voivodeship’s electricity needs, and 53% of its heat needs. The vision in both the
short- (2030) and long-term (2050) acts is to reach the level of 100% RE-based heating and
cooling in Europe, which is achievable. The authors provide evidence at the level of one
region (Pomeranian Voivodeship) that both EU strategies may be realistic and achievable
under certain conditions. Thanks to the results obtained in one region, we know that there
is significant potential to increase the RE share for the whole EU’s heating and cooling
sector and, at the same time, a higher refurbishment rate is also possible. Efficient and
technologically smarter buildings should be the basis of Europe’s decarbonization, but
more effort, however, should be devoted towards renovating the current building stock.
Reaching climate targets without decarbonizing them seems impossible. We conclude that,
under certain conditions, and only with the EU, country-, and region-level institutional
support, it will be possible to decarbonize EU building stock by 2050.

The obtained results indicate the necessity to extend the research of the energy sector
in Poland to the entire territory of the country; then, SWOT analysis, PEST analysis, and
analysis of the RE potential in terms of electricity and heat production can be performed.
The conclusions drawn from the research would allow us to answer the questions of
whether Poland is ready for the energy transformation based on the RE sources, which
barriers should be overcome, what to pay attention to, and the opportunities and threats
related to this process. The limitations of the research carried out in the article should
also be emphasized. They are related to the differentiation of each region in Europe in
terms of the analyzed conditions. The PEST analysis carried out and the GIS methods
used constitute a universal tool for assessing the potential of the energy sector in the given
region. However, it should be remembered that the analysis carried out must be based
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on detailed knowledge of the above-mentioned aspects of the region, cooperation with an
expert panel, and the authors’ extensive scientific experience in the energy sector. It should
also be emphasized that it is difficult to obtain data at such a low level of aggregation as
the Voivodeship.
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