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Abstract: There is a need to reduce carbon-based energy and replace it with clean energy in order to
counteract the negative effects of climate change. The increase in renewable energy sources may result
in savings and the increasing cost of maintaining carbon-based energy. Worldwide involvement
is required. The fulfillment of conditions by individual states does not solve the problem. The
COVID-19 pandemic has slowed economic growth. It turns out that economic growth is not always
associated with increased investments in RES (existing or emerging new clean energy points). We
have a new epidemiological threat—Delta—which could become large. This will not improve the
situation. Germany is an exemplary country for benchmarking in the field of renewable energy. The
worrying fact is that Poland, despite economic growth, does not achieve an even growth in RES. Each
of us is required to be involved, to be open to innovation and to act in accordance with the energy
policy of the European Union. Basic management functions (planning, organizing, motivating and
controlling) are also essential. Failure to meet the demands of the energy policy should be thoroughly
verified and consequences should be drawn in order to involve the whole world. The authors
thoroughly analyzed many factors that have a significant impact on the success in stopping climate
change and increasing RES. With the increase in energy demand, renewable energy is introduced
to a greater extent. Additionally, coal energy will be more expensive to maintain. The more RES,
the more expensive the energy obtained from mine sources. The investment is an opportunity to
meet the demands of RES, but investors are currently only interested in investing in renewable
energy in highly developed countries. The decision-making process regarding the implementation of
renewable energy sources not only consists in a radical decision to introduce changes, but also in
the fulfillment of a number of assumptions regarding the energy policy controlled by the authorities
of a given state as part of this action. There is a risk (fear) in underdeveloped countries that they
will not be able to finalize this project, either due to the lack of investor interest or the lack of real
opportunities due to the failure to meet the guidelines of the energy policy of a given country. It is
advisable that state governments facilitate the process as much as possible so that even less developed
countries could take advantage of this postulate.

Keywords: energy; renewable energy; climate change; energy policy

1. Introduction

The oriented need for energy results from the progressive development of economic
growth. The pandemic slightly slowed down economic growth. People are knowledgeable
about energy and there is a need to limit carbon-based energy.

Carbon-based energy has a negative impact on the environment, human life and
health. The solution is renewable energy sources (RES). The growing importance of RES
in the world fuel and energy balance may indicate savings when energy resources [1] are
consumed and the condition of the environment is improved by: reducing the emission of
pollutants into the air and water, as well as reducing the waste produced. Any activities
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aimed at the development of renewable energy sources are becoming the main assumption
of the energy policy of many countries around the world [2,3].

Currently, negative effects are observed due to the progressive climate change [4].
Many research reports and experts indicate climate change as the leading human and
environmental problem of the 21st century [5,6]. It seems clear that the impact of climate
change on clean energy and investment varies significantly between countries with different
levels of clean energy investment [4,7,8].

The proper structure of the energy transformation allows for the operation of even the
smallest link (each of us). Social responsibility is essential—an individual contribution to
sustainable development: building the future using the achievements of the past, but free
from its negative effects [9].

Innovation is considered as new creative teams are meeting the desired effect [5,10].
Figure 1 below presents the dimensions and determinants of the energy transformation

in Poland.

Energies 2021, 14, x FOR PEER REVIEW 2 of 35 
 

 

aimed at the development of renewable energy sources are becoming the main assump-
tion of the energy policy of many countries around the world [2,3]. 

Currently, negative effects are observed due to the progressive climate change [4]. 
Many research reports and experts indicate climate change as the leading human and en-
vironmental problem of the 21st century [5,6]. It seems clear that the impact of climate 
change on clean energy and investment varies significantly between countries with dif-
ferent levels of clean energy investment [4,7,8]. 

The proper structure of the energy transformation allows for the operation of even 
the smallest link (each of us). Social responsibility is essential—an individual contribution 
to sustainable development: building the future using the achievements of the past, but 
free from its negative effects [9]. 

Innovation is considered as new creative teams are meeting the desired effect [5,10]. 
Figure 1 below presents the dimensions and determinants of the energy transfor-

mation in Poland. 

 
Figure 1. Dimensions and determinants of the energy transformation in Poland [9–11]. 

The planned changes consist in establishing new jobs, building the electric power 
industry as a closed circuit [11], increasing outlays for the reconstruction of the energy 
mix and obtaining RES by 2030 in the amount of 40% and by 2040 to 68%. It is planned to 
decrease the average wholesale electricity price by 2030 and 2050 (by 5% and 26%, respec-
tively) and to reduce CO2 emissions by 2030 and 2050, compared to 2005, by 56% and 95%. 

Figure 2 below presents the dimensions and assumptions of the 2040 energy pol-
icy. 

Figure 1. Dimensions and determinants of the energy transformation in Poland [9–11].

The planned changes consist in establishing new jobs, building the electric power
industry as a closed circuit [11], increasing outlays for the reconstruction of the energy
mix and obtaining RES by 2030 in the amount of 40% and by 2040 to 68%. It is planned
to decrease the average wholesale electricity price by 2030 and 2050 (by 5% and 26%,
respectively) and to reduce CO2 emissions by 2030 and 2050, compared to 2005, by 56%
and 95%.

Figure 2 below presents the dimensions and assumptions of the 2040 energy policy.
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Poland should learn about the energy transformation from Germany [12] on the
basis of the benchmarking experience [13–16]. The dimensions and determinants of the
energy transformation in Poland indicate its essential elements and are related to any
decision-making in energy policy as well as analysis, decisions, management, control and
knowledge [12,17]. The reconstruction of the Polish economy is of particular importance in
the era of the COVID-19 pandemic and a variant of the next Delta pandemic [18].

It becomes crucial to make decisions aimed at increasing jobs. There have been global
social changes that have already occurred [19] as a result of the digital revolution and the
global technological level already achieved in the field of RES generation sources, energy
storage systems and management in the processes of its use.

The actions resulting from the COVID-19 pandemic and those carried out to stop the
negative impact on the entire global economy in order to avoid its further collapse are
as follows. The inevitable consequence of the pandemic was a reduction in production
(demand and supply) and even a standstill. Long-term effects reduce globalization, increase
the indebtedness of economies and reduce the gap between the most developed economies.
A positive aspect is the acceleration of the development of the digital economy, including
the services market [20].

The pandemic [21] has caused major restrictions on social and economic activity and
barriers to movement around the world. Consumption of goods, apart from the basic ones
necessary for everyday functioning, has decreased dramatically. Potentially, places where
services other than food were provided along the entire chain of operations, the functioning
of the entire process was disturbed. We are aware of this, that the proper functioning of each
enterprise depends on many contractors and factors. The GDP (Gross Domestic Product)
situation was uncertain throughout the world economy. Even in markets recognized as
dynamic—China—also experienced the first ever decline in GDP. It is planned to increase
by the end of 2021, even to 6% [22].

The negative phenomenon has hit the financial markets. Losses concern the whole
world towards the financial and currency markets (up to 20% of the value) [23].

International cooperation will be of key importance in reducing the collapse of the
global economy.

The disturbing information is the fact that Central European countries ended 2020
without economic growth.

The decline in GDP due to the pandemic is presented in Figure 3.
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The slowdown in the economy mainly affected the tourism industry—one of the
largest economies in southern Europe.

Thanks to radical measures (on health care, benefits, subsidies, support for enterprises),
it is estimated that even three times the negative effects of the recession around the world
have been stopped. The relation to GDP in 2020 was the smallest in Romania—it amounted
to 2.2%, then comparatively, Bulgaria and Croatia, respectively, less than and over 5%, and
Lithuania, Poland and Latvia (6.5%, almost 8% and 9%, respectively).

Despite involvement in public programs, it was not possible to avoid progressive
unemployment. In all Central European countries, except Poland, in 2020, a significant
increase in unemployment was noticed, which is presented in Figure 4.
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Figure 4. The unemployment rate in 2020 [20–23].

However, the increase in unemployment was irregular when analyzed by age groups
and gender. The situation of especially young people has changed, as they are the most
active job seekers and the most unemployed in the region of Central Europe (Croatia,
Slovakia, Estonia). The dominant increase in unemployment in the labor market concerned
mostly women (85% work in services).

The position of the long-term unemployed is not changing for the better, as en-
trepreneurs will prioritize the re-admission of dismissed workers, and only then the
employment of new ones.
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It can be indicated that activation does not provide a clear impact on the improvement
of the situation on the labor market. This is due to the development of the employment
structure during the pandemic. Mainly, there is a reduction in employment of low-skilled
workers and an increase in the demand for professionals in the areas of high technology.
The long-term unemployed may be at risk of poverty and social exclusion.

It turns out that the COVID-19 pandemic affects inflation in different ways. As a rule,
in times of recession, it is reasonable to expect inflation to fall as demand in the economy
slows down. The simultaneous evolution of supply and demand leads to an evolution
towards increased inflation, disinflation and also deflation.

The following Figure 5 shows the phenomena resulting from the evolution of supply
and demand. In 2020, among the countries of Central Europe, we suffered from all these
phenomena: inflation at the level of approx. 3–4% in Poland, the Czech Republic and
Slovakia, which was also the highest level of inflation in the entire EU; disinflation bringing
inflation down to the level of approx. 1–2% in Romania, Slovakia, Bulgaria and Lithuania;
disinflation bringing inflation down to around 0% in Latvia and Croatia and deflation of
around −0.5% in Slovenia and Estonia (Figure 5).
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The authors emphasize that the COVID-19 pandemic was a serious shock to the
economies of Central Europe. The analysis of the real GDP growth rate, unemployment
rate and inflation resulted in a change in the economic situation of these countries in 2020.

Economies in Europe decreased by almost 5% in comparison with 2019 to 2020.
Unemployment has risen. Inflation was 2.5% and 1% lower in 2019 and 2020, respectively,
as shown in Figure 6.

The latest IMF (International Monetary Fund) forecasts for 2021 indicate a recovery
in all analyzed economies. Making up for the losses after the recession of 2020 relies on
expansionary fiscal policy. Governments are advised to grant public aid to citizens and
businesses most affected by the crisis. The pandemic hit the most vulnerable social groups
(young, unemployed). The danger is that with a recovery, the most vulnerable groups in
society will be given a job with considerable delay.
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Long-term actions based on health care, education and actions aimed at ending climate
change become key.

In the special report of 7 July 2021, there is information that Poland is recovering from
the pandemic. Economists say they expect a significant improvement that will result in
double inflation [24]. The pandemic has slowed economic growth [25].

2. Materials and Methods
2.1. Energy Policy of the European Union

The countries of the European Union, together with other countries and organizations
in the world, implement the United Nations Framework Convention [26] on Climate
Change. The European Union is a key player in climate policy [27]. It has become a world
leader and creator of comprehensive regulatory standards in the field of climate protection
and reduction of CO2 emissions [28]. The EU Emissions Trading Scheme is the first and
international trading scheme for CO2 emissions [29].

The system is a key element of the European Union’s climate policy and the basic tool
for reducing greenhouse gas emissions [30]. The energy and climate package focused on
three strategic goals: reducing greenhouse gas emissions, promoting the use of energy from
renewable energy sources and increasing the energy efficiency of the European Union [31].
This package became the starting point for new reduction targets in the following years [32].
The leaders of the European Union decided, on a global scale, the climate and energy policy
until 2030. They obligated the member states to reduce emissions by 2030 in total by at
least 40% compared to 1990.

In addition, the European Council approved four goals for the entire European Union
by 2030: reducing greenhouse gas emissions by at least 55% compared to 1990 emissions;
at least 32% share of renewable sources in gross final energy consumption; an increase in
energy efficiency by 32.5% and the completion of the EU internal energy market.

The presentation of the “Clean Energy for all Europeans” [33] package marks the role
of the Energy Union in the global and comprehensive transformation towards a low-carbon
economy to mitigate climate change. The operationalization of the EU’s climate and energy
goals is required, affecting the construction of a single EU energy market [34]. The Winter
Package initiated a reform of the Energy Union management system, an amendment to the
RES Directive and the Energy and Market Efficiency Directive. The key implementing act
for the Polish electricity sector was the legal regulation limiting the use of support in the
form of the capacity market for installations where the level of carbon dioxide emissions
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exceeds 550 g CO2/kWh. The European Green Deal [35] was presented as a European
growth strategy aimed at transforming the European Union into a fair and prosperous
society. The strategy aims to minimize net greenhouse gas emissions to zero [36]. The plan
is that the European Union is to be the first climate neutral continent in 2050. The European
Commission has proposed a European Climate Law [37] that will perpetuate the goal and
provide the EU with the means to achieve it. The Green Deal is a challenge for Poland.
Poland is dependent on the Polish power sector and traditional fuel. A fair transition is key,
creating a factor and securing an uneven distribution of costs. The costs of transformation
will not be borne by the countries operating on coal, which have fewer financial possibilities
than the richer EU Member States, which can afford earlier declarations of climate neutrality.
Member States will update their national energy and climate plans in 2023, meeting new
and more ambitious climate goals.

Since Poland’s accession to the EU, the energy sector has to adjust to changes in the
community energy market. They have evaluated the organizational structures of energy
entities, and market regulations have been introduced for the operation of enterprises.
Development should be consistent with the European energy and climate policy and the
strategy for the development of renewable energy sources. Capital-intensive moderniza-
tions are carried out and innovative technologies are becoming more environmentally
friendly. As a result, the power sector companies with the Treasury share significantly
minimized CO2 emissions. The implementation of higher climate goals [38], increasing the
prices of CO2 emissions by reducing support for coal-based energy after 2025 show other
key changes in the power sector, aimed at strengthening the competitiveness of the Polish
economy. The transformation of the sector should take into account the European climate
policy and be oriented towards low- and zero-emission sources of electricity generation.

2.2. Poland’s Energy Policy until 2040

The operation of the resolution of 2 February 2021 heralded the life of the Energy
Policy until 2040 and the scope of the energy transformation. A low-emission energy
system is being achieved by radical decisions, changes and adaptation of appropriate tools
in this regard.

The implementation of the Paris Agreement [39] takes into account the scale of chal-
lenges related to the adaptation of the national economy to EU regulations related to the
climate and energy goals for 2030 and the European Green Deal, the economic recovery
plan after the COVID-19 pandemic and the pursuit of climate neutrality. The policy is
aimed at modernizing the energy sector through zero-emission development and creating
innovation, aiming at systematic economic development, increasing efficiency and com-
petitiveness. Three pillars were identified: Just Transition, Zero-emission energy system
and good air quality. They are the basis for specific objectives along with the activities
necessary to achieve them through strategic activities. Poland strives to secure the demand
for power with its own resources. Domestic coal resources will remain an important ele-
ment of Poland’s energy security. Renewable sources play a key role, where their share
in the structure of domestic net electricity consumption should be no less than 32% in
2030. This creates the possibility of the development of photovoltaics and offshore wind
farms. The implementation of the strategy will stimulate the improvement of air quality,
environmental protection and climate protection. The energy transformation requires the
involvement of many entities and significant investment outlays. For social, economic
and environmental reasons, the restructuring of coal regions will be done in such a way
as to strengthen the economy and contribute to the well-being of future generations. The
key solutions will be included in the national and territorial just transition plans. The
implementation of the assumptions of PEP2040 (Poland’s Energy Policy until 2040) will
not be possible without the key involvement of companies with the Treasury in the trans-
formation of the Polish power sector. The large-scale investments planned by the sector
in low-emission sources of electricity and heat and intelligent electricity infrastructure
will create a solid reduction in emissions from the Polish energy mix, ensuring not only
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the reduction of the negative impact on the environment, but also security of supply and
acceptable prices of electricity and heat for end users. The companies are already analyzing
gas projects aimed at replacing the worn-out coal-fired units in the transitional period. The
analyses also include many development projects in line with PEP2040, which concern,
inter alia, energy storage technologies, alternative fuels and hydrogen technologies.

Opportunities for breakthrough change should be found in offshore wind energy,
which is a relatively stable source of renewable energy. This innovative industry will
enable the involvement of local industry and wide international cooperation. The decline
in the cost of renewable energy technologies, the digitization of the economy and new
technologies will create the conditions for accelerating the transformation of the energy
system over the next two decades. The implementation of the EU reduction obligations
imposed on Poland is guaranteed by the effective transformation of companies in the
electricity sector and their adaptation to the current market challenges. Involvement of all
entities—Poland should meet the EU’s [40] climate and energy challenges without the need
to generate decisions with negative economic effects. Achieving the appropriate goals in a
given period is possible through planned actions and gradual implementation of changes.

2.3. Characteristics of Changes in Electricity

Considering changes in the profitability of electricity [41] should also take into account
changes in the maintenance of already existing equipment and machinery. Depreciation of
machines often requires a change in terms of replacement with new parts or the purchase of
a completely new device. This increases the costs—this factor is rarely taken into account.
The functionality through depreciation is reduced by at least 30%. It is worth noting that
these are not new devices as they can be even 40–50 years old.

An overall energy breakdown is provided in Figure 7 below.
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The highest upward trend was noticed in biofuels from 2025 to 2050, which is steadily
and successively growing from smallest to the largest. In total, in CCGT and GT (Gas
Turbines), to a small extent (2021–2025), high (2035–2040), medium (2040–2045) and low
(2045–2050). We notice a downward trend in lignite and hard coal—from the higher (lower
limit) and medium (lower limit) to the lowest, respectively, from 2021 to 2035. A moderate
development tendency is visible in Onshore from 2025 to 2050 (it aims to increase from the
beginning, increasing by 2.5 or 3 times by the end of 2050. Similarly, hydrogen—only from
2035 to 2050. Imports are insignificant (upper limit) from 2021 by 2050 on average by 0.3%
with an upward trend until 2030 and from 2035 to 2050 with a downward trend (by an
average of 1.2 points). From 2040, the atom begins at a small extent, doubled by 2045, and
in 2050 is reduced by 1/4 from the previous period. It is estimated that renewable energy
will increase up to 40% by 2030 and 70% by 2050.
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Complementing the mix regarding the operation of the system are battery warehouses
to be completed by 2050. An additional economic effect may be a decrease in the average
wholesale electricity price, which will positively affect the competitiveness of the economy.
With the increase in the share of low- and zero-emission sources, the energy transformation
in the long term will contribute to the reduction of electricity generation costs which are
caused by high prices of CO2 emission allowances [43].

In the latest report published on 12 August 2021 [44], indicating the share of renewable
energy sources, it is possible to indicate a 15% share of renewable energy in all electricity.

Figure 8 shows the production of electricity from RES in GWh in Poland and the
structure of RES capacity in 2021 in Poland is presented in Figure 9.
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Figure 9. The structure of RES capacity in 2021 in Poland [46].

Data from June 2021 allow us to conclude that the largest part of the structure of the
installed RES is wind, which is less than 50% later; the sun—also less than 40%.

Among new RES installations, photovoltaics account for 99%.
Figure 10 below presents PPS operation—generation of wind and photovoltaic sources.
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Figure 10. KSE operation—generation of wind and photovoltaic sources [47].

The percentage share in the national electricity production of individual groups of
power plants by fuel type in 2019 is presented in Figure 11, when in 2019, the share of
energy generated by hard coal-fired commercial power plants was the largest (almost 50%).
Lignite-fired utility power plants were next (26.14%). The next share oscillated around
10%, and these were, successively: wind and other renewable power plants, commercial
gas power plants and industrial power plants. The smallest share was that of commercial
hydropower plants (1.55%).
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2.4. Directions of the Energy Transformation in Germany

Although the goals of the country’s energy transformation are widely accepted in
Germany, the specific course of action is controversial. Appropriate measures, which are
part of the energy transition policy, and interactions in the European context, are the subject
of a scientific and public debate. The consequences for the price of electricity were actively
debated.

Figure 12 below shows electricity generation in Germany.
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Figure 12. Electricity generation in Germany (TWh) [49].

Electricity production in Germany [50,51] shows the 12-month average data in the
figure above (Twh generation). Energy production in Germany shows the 12-month average
data in the figure above. Electricity production in Germany is very extensive and consists
of nuclear, gas and renewable energy, as well as hard coal and lignite. The production of
electricity from coal has a downward trend; this is the result of charges for CO2 emissions
to the atmosphere and the decline in renewable energy prices, especially wind and sun. In
the period from March 2019 to February 2020, Germany produced 140 (TWh) of electricity;
compared to Poland, it is slightly less than the entire annual net electricity consumption.

Figure 13 below presents Energy sources in German electricity production—12-month
average .
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Experts say climate change [53] is to some extent inevitable today, due to the high
degree of inertia that characterizes climate change [54,55]. Global warming could continue
for the next several decades, even if the concentration of carbon dioxide in the atmosphere
were stabilized at the current level—by far the highest in our recent history [56].

The share of renewable energy in the electricity mix is growing rapidly, to a level close
to 50%. The share of electricity from nuclear power plants is slowly falling. Coal energy
maintenance costs are rising. Compared to 1990, Germany reduced its carbon dioxide



Energies 2021, 14, 6030 12 of 33

emissions by 25.5 percent (data at the end of 2012). They, therefore, exceeded the Kyoto
Protocol target of reducing emissions by 21 percent by the end of 2012. Regardless of what
has been achieved so far, Germany intends to go further and reduce emissions by 40 percent
by 2020 and 80–95 percent by 2050. These goals may seem immensely ambitious, but the
industrialized world needs to move much faster in light of the consequences ahead. If we
are to meet the objectives of a low-carbon economy of 450 parts per million, we cannot emit
more than 1230 billion tons of greenhouse gases. In 2004, greenhouse gas emissions were
approximately 50 billion tons; without changing patterns of behavior, we will exhaust the
assumed budget after 25 years. This means that from 2030 onwards, global carbon dioxide
emissions would have to be zero.

Furthermore, recognizing developing countries’ rights to slightly higher emissions (for
development reasons) implies a greater responsibility of industrialized nations to reduce
emissions. In other words, Germany is faced with the need to cut carbon dioxide emissions
by 95%, not by 80. In 2010, WWF (World Wildlife Fund) asked Germany’s Institute for
Applied Ecology and the consulting firm Prognos to investigate what action was needed to
reduce carbon dioxide emissions by 95 percent without lowering living standards. In short,
it turned out that, first of all, it was necessary to significantly increase energy efficiency
in order to reduce the demand for energy (including heat), and then switch the energy
management to renewable energy sources. The only highly problematic industry is the
demanding transport sector for the entire range of solutions—however, the study shows
that there are opportunities to reduce emissions from this sector by 83% by 2050 compared
to the current state. The market already offers a range of high-performance technologies—
for example, LED lighting instead of conventional incandescent lamps. Thanks to efficient
air conditioning and heating systems, passive houses are able to provide a high level of
comfort with low levels of energy consumption. Renewable energy sources (RES) cover
an increasing percentage of energy demand. Thanks to renewable energies, Germany
saved 146 million tons of carbon dioxide emissions in 2012, of which 101 million tons was
in the electricity sector. Additionally, biomass is essentially zero-emission: its emissions
correspond roughly to the amount of carbon that the plants used to produce energy have
bound. In 2011, the use of biomass in the production of electricity, heat and transport fuels
reduced carbon dioxide emissions by approximately 66 million tons [57].

The key factor for Germany to obtain efficiency from renewable energy sources is to
reduce energy imports. Germany imports 70% of the energy it consumes. Renewable energy
sources and higher energy efficiency make a significant contribution to reducing imports
and thus to increasing Germany’s energy security. Transformations on the energy market
are a stimulus for the development of innovative environmentally friendly technologies,
contribute to the creation of new jobs and help Germany build its position as a country
exporting green technologies. Last year, energy production in small installations using
renewable energy sources remained at a level similar to 2019—according to the latest ERO
report, where the production and sales of energy in 2020 in small RES installations are
presented below (Figure 14) [58].

The ratio of the sold energy to the produced energy is, in each case, higher, which may
indicate good deposits and good quality of work. The least amount of biomass is produced
and sold as energy. Hydropower is marketed and produced to the greatest extent. Three
times more (to a greater extent) energy from non-agricultural biogas is sold than produced.
Similar, but twice as much the situation applies (radiation energy and solar energy) for
energy sales and purchases, respectively. Wind energy has a very similar ratio in terms of
production and sales.
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The most used installations are 343 (number of installations) with the installed capacity
of 52 (MW). The largest installations are implemented successively: hydropower, solar
radiation energy, biogas and wind energy. The slightest degree was wind energy (only two
installations). The power was similar to the number of installations (shown from the largest
to the smallest); the same result is shown for biogas and solar radiation energy—32 (MW).

Hydropower was produced to the greatest extent between 2016 and 2020 (Figure 16).
We present (from the largest to the smallest) 2019, 2020, 2018, 2017 and 2016. The energy of
solar radiation was greatest in 2020, 2019, 2018, 2016 and 2017—to the same extent. Biogas
to the greatest extent was 77 GWh in 2017, very similar in 2020 and 2016, and also very
similar in 2019 and 2018 (Figure 17). It is the smallest degree of wind energy compared to
the ones indicated in the RES study which was mostly 2019, then 2020, respectively, and
the least was 10 GWh in 2018.
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The share of the energy sources was, to the greatest extent, in hydropower (Figure 18)
(over 40%) and in biogas (over 32%). Later, in the radiation energy (a little at 20%). To the
smallest extent, biomass was 0.5% and less than 6% was wind energy [63].
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2.5. International Conditions Shaping the Development of Renewable Energy

At the outset, it is important to emphasize the essence of the changing paradigms of
international investment regulations, jurisprudence, multi-level and management of public
goods. Compliance with human rights, and, in particular, the respect of human rights
by investors, indicates a marginal role in investment jurisprudence outside the European
Union [65].

Renewable energy is a response to the most pressing socio-economic challenges and
climate change. It is important to increase investments in renewable energy [66].

Figure 19 below shows threshold assumptions shaping the development of renewable
energy in the international environment.
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The lack of domestic investment can trigger an influx of foreign investment that may
be subject to the requirements of those regulated by a number of economic treaties. The role
of the most privileged national treatment in the context of bilateral agreements is envisaged
through a comprehensive analysis of the efficiency requirements in international agree-
ments in the direction of assessing their impact on the further development of renewable
energy.

Renewable energy requires innovation, technology and research, and this comes at
a cost. Countries with no resources for renewable energy consciously seek support from
foreign investors in return for benefits. In the international economy, there is an emphasis
on innovation, technology and expertise. High-tech goods are used by countries to attract
foreign investment in renewable energy. This is the cause of international disputes.

The renewable energy sector is regulated by environmental standards (international
and national). The key factor is the impact of standards that belong to a different sector and
that significantly influence the development of renewable energy. International economic
regulations influence the development of renewable energies, which are an essential part
of climate change mitigation. Investments in renewable energy demonstrate the ability to
broadly and profitably meet all of humanity’s energy needs without the risk of shortages
and environmental problems. Beneficiary countries typically argue that PR can bring
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significant benefits to a country’s development by requiring investors to export, train and
transfer technology.

The following Figure 20 presents the assumptions of the typology of differences and
prohibitions according to the policy.
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It should be emphasized that there are no restrictions on the use of PRs in bilateral
investment treaties, but US and Canadian international investment treaties explicitly pro-
hibit PR being generated when investments are accepted and immediately after their
adoption. Two of these situations contain a list of prohibited PRs that go beyond specific
events. Prohibited FPs include technology transfer and product authorization require-
ments and export performance, domestic content, domestic supply, trade balancing and
foreign exchange balancing, in connection with the establishment, acquisition, extension,
management, operation, operation or sale of investments.

While there are benefits from investments, there may also be disadvantages with them,
leading to different problems for the host country, as shown in Figure 21.

It turns out that FDI (Figure 21) can cause negative side effects, such as environmental
degradation, violation of labor and human rights, limited technology transfer under the
pretext of a lack of absorption capacity, displacement of labor from domestic industry
leading to job losses, anti-competitive activities such as abuse of a dominant position by
foreign investors and transfer pricing that unfairly reduces taxes paid to the host country.
International investment law defines the rules ensuring access of foreign investments to
the markets of the host country and protection of investments against risk (political risk).
It places a specific set of investment protection obligations on host countries, including
protection against expropriation without compensation, and allows access to financial com-
pensation through an investor-state decision when the host country breaches its protection
obligation.

The main source of international investment law comes from other treaties, sometimes
called interinstitutional agreements, which include Preferential Trade and Investment
Agreements (PTIAs); they relate to investment and bilateral investment treaties (compre-
hensive investment rules, interinstitutional agreements, double taxation treaties).
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Restrictions on renewable energies are likely (no benefit). For the benefit, it would
be the negation of free trade. The actions taken indicate a technological gap between
developed and developing countries, which could be widened. The development of
renewable energy sources becomes crucial [66].

There are two key findings for contemporary consumer policy. The privatization of
water is not against the interests of consumers. The privatization of water services is not
against the right of consumers or people to water, subject to billing approval. There has
been a strengthening of consumer protection in the growing sector of water services. The
arbitral tribunal found the human right to water a valid counter-claim. There have been
efforts to address non-economic issues such as human rights in investment treaties.

The role of non-governmental organizations dealing with environmental protection
in disputes concerning the public interest in the investor-state aspect indicates consumer
protection. It turns out that in the case of consumer disputes in the public interest, the
submission of a counterclaim is not allowed. It is crucial to protect investors by examining
the non-economic aspects of water services, including consumer rights. Investor-state
disputes in the water sector pave the way for the protection of the right to other public
services, such as energy. This is an undeniable contribution to action in this area [67].

3. Results

Poland, as a result of the political and economic changes that took place in the 20th
century, only relatively recently started activities aimed at supporting renewable energy in
the sector and investing in it. It should be emphasized, however, that a significant reduction
in emissions of air pollution occurred in Poland in the 1990s as a result of the economic
transformation. At that time, obsolete technologies causing significant environmental
pollution were: eliminated and introduced changes in the energy sector aimed at improving
the efficiency of fuel use or replacing them with fuels that resulted in lower emissions of
pollutants. The most popular is the co-firing of biomass with coal in the existing power
boilers from the domestic energy and heating sectors [68].

The growing demand for electricity and the fact that the transmission infrastructure
in rural areas requires modernization makes it necessary for Poland to undertake projects
requiring huge investment outlays. It also requires changes in management and transfer of
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knowledge on counteracting low-mountain emissions in the headquarters and local self-
government. Community-based energy cooperatives that produce energy from renewable
energy sources and use it for their own needs can play a special role. This may bring
measurable health, social and environmental benefits, leading to an improvement in the
quality of life of the inhabitants of Poland.

Figure 22 shows the model projections of fuel prices in imports to the EU as the basis
for identifying trends in fuel price development.
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Figure 22. Forecast of fuel prices in imports to the EU [69].

A forecast of fuel prices in imports to the European Union in percentage terms was
made—the entire estimate indicates an increase in all individual prices of the raw ma-
terials concerned. Polish researchers estimate that crude oil will increase the most (to
approximately 15%), followed by natural gas (to approximately 9%) and hard coal (to
approximately 3%). The increase shows that crude oil has more than doubled. The price
of hard coal will increase more as the more RES develops. The simulations show propor-
tionality in the growth of crude oil, the natural phase and the hard coal. The chart below
presents the average wholesale electricity prices on the EU market.

Average wholesale electricity prices on the spot market are presented in Figure 23
below.

In the “Polish Energy Policy until 2040” projections of prices for end users (consuming
energy for their own use) were published, which were based on the projection of average
system costs, taking into account the estimates of costs related to the operation of individual
support systems in Poland, the level of taxation and rates of transmission and distribution
fees. The projections of electricity prices include the costs related to the operation of
support systems for energy produced in renewable energy sources, cogeneration and for
projects aimed at improving the efficiency of energy use. The analysis also assumed a
capacity payment mechanism. The forecast prices are the average prices offered under full
and split agreements including taxes. According to the results obtained, electricity prices
are expected to gradually increase in all three considered groups of final recipients. The
main factor determining the forecasted growth are the growing costs of purchasing CO2
emission allowances and the costs of developing zero-emission technologies.
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The report prepared by the Institute for Renewable Energy (EC BREC IEO) allows to
indicate the forecast of production costs and prices of electricity (wholesale) until 2040 in
Poland (Figure 24), showing an upward trend in both energy prices and costs. It is worth
adding that we also notice cost stabilization—proportional energy appreciation.
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The increase in the prices of CO2 emission allowances is one of the main reasons for
the increase in energy prices in Poland. The energy sector is based on coal-fired generating
units, burdened to the greatest extent by emission costs. The prices of CO2 emission
allowances are transferred into energy prices and tariffs of heating companies and affect
the increase in charges for consumers for the supply of electricity and heat. This makes it
necessary to take measures to reduce the emission intensity of generation assets. Failure to
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do so, with rising costs of CO2 emissions, would further increase the cost of energy and
heat, and thus increase the energy poverty of citizens. As a result of the delay in the energy
transformation, an unjustified belief about its growing costs could arise, resulting in the
belief that it is necessary to abandon this process. This would lead to even higher energy
prices and no transition benefits.

The high emission factor of the Polish coal power industry and the high prices of CO2
emission allowances will result in a situation in which the main component of electricity
generation costs will be costs related to emission charges. Thanks to the transformation, it
will be possible to reduce the total CO2 emissions from electricity production by almost
25% in 2025. Prices will stabilize at levels where closed units would have been profitable
had they not been shut down sooner. The structure of the energy mix between Poland and
Germany in the production of electricity is presented below (Figure 25).
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Figure 25. Structure of the energy mix of Poland and Germany regarding electricity produc-
tion (%) [72].

The current energy policy of Germany has been implemented through strategic ele-
ments of the implementation of the national climate goals in the German energy sector:
replacing coal-fired cogeneration with gas cogeneration, reducing electricity production
from coal-fired units, increasing the use of renewable energy sources.

It seems natural that Germany is more successful in action than Poland (Figure 26).
The percentage arguments presented below are intended to indicate the possibility of
Germany acting—as a benchmark and position of Poland—as a learning state.
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Figure 26. Comparison of Poland and Germany 2020 [73].

Net electricity production towards electricity supply in 2020 was as follows (Figure 27):
to the greatest extent—wind (less than 60%), then brown coal (less than 46%). Then,
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successively, nuclear energy (less than 30%) and gas 30.7%, and solar and biomass (less
than 23% and 30%). Hydropower (slightly over 11%) and oil less than 2% were noticed.
The following Figure 28 shows net energy production for the public grid in 2021 (first half).
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Figure 28. Generation of energy for the public grid (from January 2021 to August 2021) [75].

The largest amount of net energy generated for the public grid in the first half of 2021
was recorded in winds—(less than 50%), then brown coal (slightly less than 20%) and solar
and biomass, where the former was slightly more than, and the latter less than 10%. A
similar situation occurs with gas (12.2%) and nuclear energy (12.8%). The remaining share
is andre and oil, respectively less than 1% and 0.2%. The following Figure 17 shows the
factors of market value in Germany (2020).

The factors of production value in Germany (Figure 29) have the most in running
water—100.20% and pumped storage—over 100%. Later, almost 100% brown coal—98.30%,
gas—96.60%. In total, it was 96.90%, the least was 80% solar and oil, and 3% more
onshore wind.



Energies 2021, 14, 6030 22 of 33Energies 2021, 14, x FOR PEER REVIEW 24 of 35 
 

 

 
Figure 29. Market value factors in Germany (2020). [76]. 

Figure 30 below shows the net electricity production from a power plant. 

 
Figure 30. Net electricity production for electricity supply from 2015 to 2021 (Kwh). [77]. 

Initially, from the study period—2015, an upward trend was noticed, starting from 
about 95 Kwh until mid-2016 with a result of about 97 Kwh; then 2 years from 2017 to 
2020, an average increase of just over 10 Kwh. A definite decrease is visible from 2020 (Q1 
and Q2) with a trend of over 15 Kwh. It is estimated that the tendency will be realized 
towards a greater decline by as much as 20–45 Kwh, and even 50–60 Kwh. 

Figure 31 shows an estimate of the average planned electricity production in Ger-
many. 

Figure 29. Market value factors in Germany (2020) [76].

Figure 30 below shows the net electricity production from a power plant.
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Figure 30. Net electricity production for electricity supply from 2015 to 2021 (Kwh) [77].

Initially, from the study period—2015, an upward trend was noticed, starting from
about 95 Kwh until mid-2016 with a result of about 97 Kwh; then 2 years from 2017 to 2020,
an average increase of just over 10 Kwh. A definite decrease is visible from 2020 (Q1 and
Q2) with a trend of over 15 Kwh. It is estimated that the tendency will be realized towards
a greater decline by as much as 20–45 Kwh, and even 50–60 Kwh.

Figure 31 shows an estimate of the average planned electricity production in Germany.
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In the first case, for (sun) kurtosis is negative, exactly k = −1.599, (k < 0) platokurtic
kurtosis, in this case, we say that kurtosis is negative, i.e., the values of the feature have a
lower concentration than in the normal distribution), which may be that the distribution
of values in the population is probably inaccurate and one cannot be sure of the tests
used, as they may give erroneous results. However, for the remaining ones, it is positive
(k > 0) but not equal to 0—leptokurtic kurtosis. The values of the feature have a greater
concentration than in the case of normal distribution, which means that the other presented
results are correct—for (wind), (biomass), (hydropower), (nuclear energy), (natural gas).
When analyzing the standard deviation, it is worth indicating in the graph (Figure 32).
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Figure 32. Standard deviation of RES [78].

Figure 32 shows that natural gas has the greatest impact on changes—over 50 research
units of the annual average, then similarly we have (nuclear energy), (hydropower), over
40, biomass over 30, lifts over 20 and sun just over 15.

The next calculations needed for the interpretation are presented in Figures 33 and 34.
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By observing the scatter plots, it is possible to deduce what kind of relationship “we
are dealing with”. The interpretation of the chart allows for the conclusion of a positive
relationship (with a strong force r = (0,1)). It should be emphasized that an increase in the
value of one feature causes an increase in the average values of the second feature. The
numerical solution of the indicated correlation is the correlation coefficient that identifies
itself with the range in the numerical interval (−1; 1). The correlations of the studied
variables for r are presented below: −1, −0.8, −0.6, −0.4, −0.2, 0, 0.2, 0.4, 0.6, 0.8 and 1.

The values adopted for the correlation relationships are presented in Table 1 and
description for correlation relationships in presented Table 2.

Table 1. Correlation in terms of the possibilities of the energy market in Germany based on archival data 2011–2021.

Type of Energy −0.80 −0.60 −0.40 −0.20 0.20 0.40 0.60 0.80

Sun 1.000000 0.196284 −0.124315 −0.140457 −0.052545 0.303694 −0.203936 0.457063
Wind 0.196284 1.000000 0.322893 0.323585 0.320058 −0.125717 0.257989 0.307316

Biomass −0.124315 0.322893 1.000000 0.946339 0.948273 0.655891 0.911956 0.535779
Hydropower −0.140457 0.323595 0.946339 1.000000 0.986108 0.533460 0.839918 0.346192

Nuclear energy −0.052545 0.320058 0.948273 0.986108 1.000000 0.564903 0.836725 0.406254
Natural gas 0.303694 −0.125717 0.655891 0.533460 0.564903 1.000000 0.480395 0.556344

Coal −0.203936 0.257989 0.911956 0.839918 0.836725 0.480395 1.000000 0.646290
Lignite 0.457063 0.307316 0.535779 0.346192 0.406254 0.556344 0.646290 1.000000
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Table 2. Description for correlation relationships.

The Strength of Correlation Relationships

below 0.2 weak correlation (practically no relationship)
0.2–0.4 low correlation (clear relationship)
0.4–0.6 moderate correlation (significant relationship)
0.6–0.8 high correlation (significant dependence)
0.8–0.9 very high correlation (very high dependency)
0.9–1.0 dependence practically complete

Correlation scatter plots can assume a positive linear relationship (r > 0), a negative
linear relationship (r < 0) and no relationship (r − 0).

The Schuman Foundation and the Adenauer Foundation measured the importance
of individual countries in the European Union and their actual impact on the decisions
taken in it. Germany is the strongest country in the European Union, but not strong
enough to decide about it on its own. Poland was only in 13th place, between Finland and
Lithuania [79], as shown in Figure 35.
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Historically, in the period from 1988 to 2018, it was observed in Poland that a phe-
nomenon consisting in the separation of the relationship between the increase in GDP
dynamics and greenhouse gas emissions. An increasing value of GDP does not lead to
an increase in the level of emissions, as illustrated in the chart below. In 1988–2018, GHG
emissions were reduced by 32%, with almost 3 times GDP growth.

The relation of GDP dynamics to greenhouse gas emissions (1988–2018) is presented
in Figure 36.

It should be questioned as to the situation in which Poland will actively strive to be
low-carbon. The reason for this assumption is the lack of similarity between the increase in
GDP dynamics and the emission of greenhouse gases.
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4. Discussion

The subject literature often includes topics related to the energy supply sector as a
share of global greenhouse gas emissions [82]. The most frequently explored topics are the
costs and benefits and the mitigating potential of renewable energy generation, followed
by the impact of climate change on electricity production. The research gap is the fact that
little attention is paid to Poland and Germany in the research aspect [83]. Thanks to the
overview below, it will be possible to take steps towards energy systems in order to acquire
the preparation for climate mitigation.

The demand for energy increases [84] with the development of the economy and the
increasing opportunities for innovation [85]. As a redundant resource, a stable energy
supply is essential for human survival and social development [86].

Renewable energy is highly appreciated for its wide availability and environmental
friendliness; therefore, it does not lead to a significant increase in pollution [87].

It turns out that in highly developed countries, the energy demand and final energy
consumption can lead to concern. This position was adopted in 2015–2019. This was due
to the optimization of the energy source and the optimal use of renewable energy sources.

The subject of climate change and energy systems is most discussed in China, then
four times smaller in India and almost two times smaller in Brazil. The energy systems
themselves were almost comparable in the US, EU and UK. The subject matter is based
on low-carbon emissions in the construction or housing sector. Actions are carried out
in such a way as to minimize the effect of climate change. Industrial support in terms of
production causes the necessity to use energy resources, which in developed countries is a
natural need aimed at satisfying market requirements.

Solar, wind, biomass and nuclear energy, as well as research on hydrogen energy
production and energy consumption, are becoming key. It is a real possibility to create
patterns, to technically innovate to radically reduce pollution, or even to avoid it [88].

Developing new business models geared towards implementing renewable energy
sources is important. Worldwide knowledge and research should be codified and all
initiatives should be promoted and determined to eliminate all climate change [82].

The functioning of energy policy in global climate change around the world should
be based on the involvement of all possible resources towards creating conditions for the
stability of legal regulations aimed at full integration of energy resources in creating reliable
security and sustainable development of the energy sector.
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The shape of the entire political dimension is mainly indicated by the state authorities.
There are many indications that the PEP40 shows the necessary directions for short-term
actions.

Currently, developed countries are easily directing their activities towards the imple-
mentation of energy policy [89].

The European Union is taking action both to achieve the assumed emission reduction
targets in Europe, but also to cooperate with the rest of the world. Limiting emissions
applies to the entire world. It is worth pointing out that any postponement during the
climate negotiations may have negative consequences for the environment; even the
phenomenon of a temporary reduction in global emissions caused by the crisis, which
probably, to some extent, disrupted the benchmarks in 2020 and, in principle, by 2021.

The current directions of the global climate policy related to the reduction of carbon
dioxide emissions to the atmosphere make it necessary to further reduce emissions. They
may lead to considerations on undertaking transformation efforts in selected sectors of
the economy. The presented State Attractiveness Report in terms of Renewable Energy
indicates the most attractive countries: the USA, China and India [90,91].

RES companies are valued high. Investors are interested in working with clearly
declared countries to achieve zero-emission energy in 2035 [92].

Proposed tax breaks and subsidies in China may not be a guarantee of a boost. The
greatest increase in energy is achieved in the Chinese energy mix by hydropower plants.
China is a pioneer in this area, which is a side effect.

Individual programs in Poland created the possibility of increasing the power of
photovoltaic installations. Commitment to the industrial goals is expected. It seems
obvious that the growing costs of obtained energy make it necessary to invest in electricity
from renewable sources, the price of which is more favorable. Barriers to the effective
implementation of RES in industry are regulatory uncertainty and an inconsistent approach
to climate and energy policy.

The trends and goals are clearly set as a full recovery after the pandemic period,
especially for enterprises. Those that will participate in RES are to be considered more
competitive. RES is used by countries that have radical allies in their state authorities for
the correct interpretation of energy policy regulations and regulations.

The increase in energy demand (surplus) is mostly covered by the increase in the
capacity of installations producing green energy. Despite the fact that due to the pandemic,
investments in renewable energy have slowed down in China, France, Germany, Portugal,
Brazil, India, Vietnam and Chile, wind and solar projects are systematically manned by
2025 and will soon reach even half of the proposed plan—such a position was presented
by the International Energy Agency. Moreover, there is noticeable interest from investors
towards windmills and photovoltaic panels.

5. Conclusions

Energy demand is increasing, as is economic growth. The authors state that this is an
inevitable situation. Renewable energy is mainly met by highly developed countries.

On the one hand, the pandemic slowed down economic growth, and on the other
hand, it focused on the expansion of technological channels.

Everyone would like to make a situation in which it would be possible to develop
renewable energy sources to the maximum, save and contribute to the reduction of pol-
lution and ultimately stop the negative effects of climate change negatively affecting our
world. There is no radical procedure, and preliminary declarations will not achieve the
goals that have been set. Highly developed countries are more prone to RES develop-
ment. Entrepreneurs are concerned to what extent the government-led energy policy will
guarantee the implementation of these demands.

It is worth emphasizing that the introduction of changes will also be related to new jobs.
Certainly, Germany’s position and achievements in the field of energy transformation [93]
are a good example for Poland, which does not necessarily have to be compared with
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the unrealistic vision of catching up with the most developed country. It is worth setting
realistic goals, which guarantees the possibility of further proceeding in this area and may
probably create a base for action towards the implementation of postulates or assistance.
Without reliable information, no one will be able to really help.

The pandemic situation now appears to be under control, although still uncertain.
This means that the value of a threat can increase instantly without any particular reason
or logic. After the recent fight against the pandemic, the world should be prepared to act
accordingly.

The presented assumptions of the energy policy until 2040 seem realistic [93]. The
authors wonder whether the deadline for implementation is too short and whether more
radical changes should be introduced in order to create real opportunities for each link
cooperating on the international scene in this regard. It leaves no doubt that close coopera-
tion of all European Union countries is required. Poland must adapt to the requirements of
the European Union community.

It is disturbing that Poland, despite economic growth, does not achieve an even
growth in RES. Each of us is required to be involved, open to innovations and to act in
accordance with the energy policy of the European Union.

Basic management functions (planning, organizing, motivating and controlling) are
also necessary. Failure to meet the requirements of the energy policy should be carefully
verified and consequently drawn up in order to involve the whole world.

It seems that the lack of sanctions may reduce the effectiveness of the implementation
of the objective of this undertaking.

The key is radical and decisive decision-making on the set goal of a radical recovery
of the economy. The authors doubt whether by 2050 the European Union will be the first in
terms of climate neutrality.

It seems natural to say that the prices for the distribution of polluting carbon emissions
will increase with increasing emissions of renewable energy sources. Another observation
is that the carbon pollutant emission equipment is no longer new and contributes to further
depreciation. Depreciation or inefficiency of a system not classified as RES may ultimately
result in the use of clean energy, but in a long-term mode.
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