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Abstract: This paper aims to identify the determinants of the decarbonisation processes in Poland 
within the scope of energy transformation. The purpose of the study is to identify how the public 
perceives decarbonisation determinants in order to develop a sustainable energy strategy for Po-
land. The transition of the energy market to low-carbon technology is a policy challenge. Govern-
ments must implement policies that are environmentally friendly, cost-effective, but, most of all, 
socially acceptable. Social acceptance risk plays a significant role in Poland, influencing the decar-
bonisation process. In Poland’s case, the coal share is decreasing, but it is still the most important 
fuel for electricity production. This process of decarbonisation is a fundamental influence on the 
transformation of the energy sector in Poland. The social perception of solutions that can be applied 
was examined. The Polish natural environment is poisoned. Poles suffer from diseases related to 
the burning of coal for energy production. Societal awareness, how people perceive the govern-
ment’s actions, and what they expect in this regard is crucial. 
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1. Introduction 
Poland is not only using coal for much of its energy mix. Poland is also a significant 

producer of coal. The decarbonisation of the energy sector is therefore, closely linked to 
the linear reduction of the coal sector. This is also connected to the reduction of employ-
ment in the Polish coal mining industry. Our case study for Poland shows that in the past, 
about fifty per cent of all mining workers, who have left their job, have not moved to other 
industries and remained unemployed. This phenomenon should be explained, inter alia, 
by the fact that the level of education of miners is lower than the average on the labour 
market. This can also be explained by lower wages in sectors other than the mining sector. 

Poland faces unique challenges in its energy transition due to the extreme depend-
ence on coal. Nevertheless, many countries are already going through or will undertake 
the transition to a low-carbon economy [1] The traditional model for development and 
industrialisation is resource- and energy-intensive, with economic growth accompanied 
by increasing carbon dioxide (CO2) emissions [2,3]. Keeping the average global tempera-
ture rise below 2 °C will require a drastic reduction in global net greenhouse gas emissions 
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and, ultimately, zero emissions [4]. It is now considered possible to decarbonise economic 
growth and to achieve deep reductions in greenhouse gas emissions while increasing eco-
nomic activity and prosperity [5]. Decarbonisation is based on better energy efficiency and 
the supply of zero-emission clean electricity instead of fossil fuel-derived electricity, 
where possible [6–8]. The necessary technologies already exist and are becoming increas-
ingly available. There could also be considerable additional benefits, such as cleaner local 
environments and economic modernization [9–11]. However, making the transition to 
low-carbon technology is a policy challenge. Governments must implement environmen-
tally friendly, cost-effective, and socially acceptable policies [12,13]. Social acceptance risk 
plays a significant role in Poland, influencing the decarbonisation process. Social ac-
ceptance is essential: we need to ask whether citizens’ social acceptability is the same as 
economic viability, and if it is economically relevant [14–16]. 

Decarbonization without excluding energy security in the SEE region is a priority of 
EU foreign and environmental policy. Two strategic and complementary goals that both 
the EU and SEE countries are pursuing are political factors related to the supply of Russian 
natural gas and the transition from coal to gas. However, these goals have always under-
mined the composition of energy mixes, the degree of integration of energy supplies with 
the EU’s energy hubs, the degree of integration of energy markets in the region, and the 
diversification of existing gas supplies since the late 1990s [17]. 

Overall, there is a shift away from coal and ultimately also from gas and oil. Decar-
bonisation fosters further economic growth and more sustainable forms of economic 
growth and energy transformation in all domestic studies [18]. 

Decarbonisation will mean the collapse of significant subsets of existing industries, 
especially fossil. They will be replaced by new initiatives that will bring about new invest-
ments, profitable opportunities, and jobs. It could create fear of energy transition. Issues 
could become sharply defined in regional and timescale terms, leading to severe social 
difficulties [19-20]. It is therefore necessary to establish how these processes have been 
perceived socially. 

In recent years, numerous programmes have emerged to reduce the economic ine-
quality between countries and overcome the ecological crisis. Wealthy nations must lead 
by example by drastically reducing fossil fuel consumption, adopting more sober patterns 
of natural resources consumption, and helping low-income countries to reduce poverty 
and improve their environmental technologies [21]. However, each of these moves have 
been vigorously opposed by leading multinational corporations, which have tremendous 
economic and political power over governments and international financial institutions. 
A substantial civil action is required to reduce fossil fuel use and switch to renewable 
energy while reducing inequalities between and within nations and redefining the global 
economic development model. Our generation’s critical question is whether the mass so-
cial movement advocating decarbonisation will be the correct one. 

The remainder of this paper is organized as follows. The methodology is introduced 
in Section 2 and a relevant literature review is provided. Section 3 presents the justifica-
tion. Section 4 includes the results. The discussion and conclusions are presented in Sec-
tion 5, which ends the paper. 

2. Methods 
The purpose of this study is to identify the determinants of the decarbonisation pro-

cesses in Poland. This study also shows the directions enabling the diffusion of knowledge 
regarding decarbonisation to develop a sustainable energy strategy for Poland. 

This study applies methodological triangulation, which consists of combining quali-
tative and quantitative methods in many ways, according to a new paradigm in manage-
ment sciences that advocates combining several approaches and methods to manage open 
epistemological and methodological attitudes. The choice of research methods and tech-
niques was the result of conceptualisation and operationalisation processes. The question-
naire method was used in the study. 
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The literature review intends to assess current knowledge concerning the role of in-
formation, the information needs of enterprises and their stakeholders, the importance of 
an integrated information system of a business unit, and determining the place of man-
agement accounting in this system. 

The survey was conducted online and consisted of 12 research questions. An online 
survey provides many possibilities to present problems, collect answers, and offer re-
spondents flexibility and convenience. In designing the research tool, we initially adopted 
the previous literature’s assumptions, according to which decarbonisation processes are 
focused on reducing CO2 emissions. The design of the research tool was based on stand-
ardised and verified tools. The research was based on a survey by the Tyndall Centre for 
Climate Research (Critical Issues in Decarbonising Transport Final Report of the Theme 2 
project T2.22, Ian Skinner1, Malcolm Fergusson and Katharina Kröger2, Institute for Eu-
ropean Environmental Policy (IEEP); Charlotte Kelly and Abigail Bristow, Institute for 
Transport Studies (ITS) University of Leeds, 2003). The survey asked two questions, with 
responses based on the Likert scale. The questions concern fundamental issues with the 
determinants supporting decarbonisation processes in Poland and the model of decarbon-
isation (centralism vs. localism) in the scope of the energy transition. The survey included 
two open-ended questions about the most effective legal solutions to support Poland’s 
decarbonisation processes and the essential determinants supporting them. 

The research was conducted between December 2019 and April 2020. The survey in-
cluded 444 respondents who filled in the questionnaire, of which 46% (205) were men and 
54% (239) were women. The following assumptions were made for statistical research. 
Confidence level shows how sure the researchers can be of the obtained results, the α = 
0.95 indicates a level of certainty of 95%. Another indicator is the size of the fraction. In 
this case, when we estimate that a given characteristic occurs in 60% of the population, we 
assume 0.6. If we do not know this value, we take the value of this indicator as 0.5. Another 
indicator is the maximum error. It indicates to us what level of correction we should as-
sume. For example, if we create a 0.03% or 3% error and conduct an election poll among 
supporters of political parties. When analyzing the results, we observe that a given party 
achieved a score of 20%, then with our assumption of an error of 3%, real support can vary 
by 3% up or down. 

It brings the minimum sample size to 384, for whole population 38 million people in 
Poland. The primary coarse static division resulting from parity has been retained. The 
research group’s additional structures are in line with the statistics of social, age and geo-
location groups of the most interested. It mainly affects the inhabitants of affected regions, 
such as Silesia. 

This brings the minimum sample size to 384, for the whole population of 38 million 
people in Poland. The primary coarse static division resulting from parity has been re-
tained. The research group’s additional structures are in line with the statistics of social, 
age, and geolocation groups of the most interested. It mainly affects the inhabitants of 
affected regions, such as Silesia. 

The individual activities indicated in the survey are assigned one of the following 
grades:  
1. no impact; 
2. very little/negligible impact; 
3. neutral; 
4. visible impact; and 
5. significant impact. 

Another question, “What do you think the EU should introduce in terms of solutions 
and regulations regarding decarbonisation?” concerns solutions the EU should introduce 
in decarbonisation. It was an open-ended question in that respondents could give a free, 
subjective answer, or several answers. When asking open-ended questions, we intended 
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to obtain as many attitudes and opinions as possible to analyse the studied phenomenon, 
including decarbonisation. 

The research was exploratory, conducted to determine the nature of the problem, and 
was not intended to provide conclusive evidence but to understand the issue better [22]. 

The sampling was focused on respondents dealing with the problem of decarbonisa-
tion. Table 1 presents the structure of the sample. 

Among the respondents, most people were aged up to 25, while one-quarter were 
aged 26–35. The smallest group was comprised of people aged over 35. Such an age dis-
tribution can be explained by the fact that the direct survey was performed via mail. As 
for the respondents’ education, almost half of them had higher vocational education and 
20% had MBAs. 

Table 1. Sample characteristics. 

Age No 
1961–1981 (Generation X) 122 
1982–2000 (Generation Y) 301 
2001–Present (Generation Z) 8 
1943–1960 (Baby boomers (BB)) 13 
Place of residence No 
City 317 
Village 127 
Sex No 
Male 205 
Female 239 
Source: Own research. 

According to Poovey (p. 84), “there are limits to what the rationalised knowledge 
epitomised by statistics can do.” Qualitative research can draw strong attention to detail, 
covering both verbal and nonverbal behaviour and uncovering nuances [22] (pp. 454–
462). 

3. Justification 
As we mentioned, this study aims to identify the determinants of decarbonization 

processes in Poland [23,24]. We believe that our research contributes to the literature be-
cause, even though decarbonization has been discussed in both EU and international lit-
erature, there is no reference to knowledge-diffusion processes as the causative factors for 
those changes. 

Climate change and environmental degradation pose a threat to Europe and the rest 
of the world. To meet these challenges, Europe needs a new growth strategy to transform 
the energy market into a modern, resource-efficient, and competitive economy with the 
following characteristics [25,26]: 
• zero net greenhouse gas emissions by 2050; 
• economic growth decoupled from resource consumption; and 
• no person or region left behind. 

Successful implementation of the EU decarbonisation action plan requires the con-
sideration of technologies, policy concepts, and social aspects, which are closely inter-
twined. For example, technological solutions are needed for emissions at an acceptable 
cost from a global perspective. The development of an appropriate policy is necessary to 
transfer climate policy benefits to the EU macro level and, further, to the local government 
or even to the consumer level. Markets can adapt by postponing investment until condi-
tions are favourable for decarbonisation. It seems necessary to keep low-carbon subsidies 



Energies 2021, 14, 1217 5 of 23 
 

 

for longer than expected [27,28]. In this sense, the EU hopes that its example will encour-
age other regions of the world to follow suit. Such a strong drive could develop new in-
dustries based on cutting-edge clean and low-carbon technologies, strengthen the EU, and 
help overcome the economic crisis by initiating the necessary changes for a more sustain-
able policy. To this end, the EU has set itself the overarching goal of reducing the green-
house effect by 2050 [29].  

In the article, the authors analysed various determinants influencing the decarboni-
sation of electricity by 2050 from a social point of view. The first determinant to be exam-
ined is mining. More than 25 countries, especially in Asia, have revised their fossil fuel 
subsidies in recent years. However, according to the International Monetary Fund, the 
cost of these subsidies, including environmental and health damage, amounts to approx-
imately US$5.3 trillion annually. These subsidies distort prices to the detriment of decar-
bonisation. They harm the environment, curb the spread of greener technologies, and bur-
den national budgets [30,31]. 

Contrary to popular belief, subsidising fossil fuels is not an effective way to increase 
competitiveness and help the poor. Instead, according to the World Bank, these subsidies 
benefit the rich. However, despite the abolition of subsidies, it tends to promote equality, 
while at the same time increasing the prices of energy and other goods, lowering the pur-
chasing power of lower-income households, and leading to an industrialisation-based en-
ergy slowdown. Therefore, the savings obtained by abolishing subsidies must be used to 
compensate for the loss of income among the poor and strengthen the network’s social 
security [32]. 

The second determinant is subsidies for local governments (e.g., decommissioning of 
furnaces), as investments in renewable energy sources are supported by the subsidy sys-
tem. For this reason, renewable energy is still more expensive than conventional energy. 
For investment projects in renewable energy sources to provide investors with an appro-
priate return on the invested capital, the subsidy system must be stable. When the subsidy 
system is destabilised, investment risk and credit risk increase immeasurably, which may 
significantly slow down planned investments in the renewable energy system. The system 
of financial support renewable energy system (RES) should be stabilised to develop green 
energy. 

Poland will follow in the footsteps of other EU countries that subsidise electricity 
production from wind, solar, biomass, or biogas. In the EU, renewable energy sources are 
developing. Countries are guaranteed a fixed price for RES (the feed-in tariff system), or 
energy distributors are obliged to buy securities from producers of green energy (so-called 
green certificates); thus, compliance is a legal requirement. In both cases, consumers ulti-
mately pay for RES support. 

Proconsumer solar photovoltaic development programmes are a crucial element of 
decarbonisation, related to government policy and bottom-up initiatives. When energy 
consumers see that they can obtain energy from renewable sources practically for free, the 
post-renewable energy system stage is likely to continue indefinitely. In this case, the sta-
bility of both regulations and planning is necessary. Of course, the pace of abandoning 
fuel will differ in different sectors. It is one thing to, for example, stop using coal in house-
holds; it is quite another to replace a heating system in an energy enterprise [31]. 

The next determinant, the market capacity, does not directly affect the development 
of renewable sources. The level of renewable energy system ambition depends on political 
decisions. However, indirectly, the capacity market will create new possibilities for inte-
grating variable sources in the system. There is a chance that energy storage will develop 
within the capacity market. Warehouses most often supplement wind installations and 
store energy when it blows, and the market demand is small. In periods of high market 
demand for energy, batteries can be discharged and the national energy system can be 
powered for 4 h. The wind energy storage facility meets the availability requirements as 
well as conventional installations. 
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One of the most critical determinants influencing decarbonisation is opening up the 
EU energy market. In 2018 EU institutions and Member States’ governments decided to 
impose stricter targets on renewable energy regulations. In November 2018, the Commis-
sion presented its updated vision for building a low-carbon economy by 2050: “A Clean 
Planet for all—A European strategic long-term vision for a prosperous, modern, compet-
itive and climate neutral economy.” The document provides a detailed analysis of the 
changes needed to achieve the envisaged emission reductions. This vision is more ambi-
tious than the EC’s 2011 “Roadmap for moving to a competitive low-carbon economy in 
2050”: it is not limited to reducing emissions by 80%, outlines the possibility of achieving 
climate neutrality by 2050. Europe’s planned transition to a net-zero economy by 2050 
implies the need to change national policies. It is also Poland. The country should formu-
late a long-term strategy for a low carbon economy including not only electricity genera-
tion but also other sectors. [31]. 

Another element influencing decarbonisation is energy efficiency; one of the drivers 
of this development is annual electricity production, which increased from 6300 Mt to 
11,700 Mt in 1990–2013 [9] (pp. 56–63). Policymakers have introduced restrictions and 
trading systems (e.g., the European Emissions Trading System) or initiated support 
schemes for renewable energy (e.g., tariffs). 

When it comes to renewable energy sources, irregular supply is a challenge for de-
carbonisation [32,33]. Complementary technologies that can respond to rapid changes in 
the supply of renewable energy and provide the necessary flexibility on the supply side 
include coal or gas plants, biomass plants (which are rarely suitably located), batteries and 
gas (which are still too expensive), and short-term demand response. 

Thus, there is increasing emphasis on long-term demand response measures, such as 
energy efficiency, which reduces the overall electricity demand that needs to be met. For 
example, the International Energy Agency calculates that improving energy efficiency re-
duced carbon emissions by 12.5% between 2000 and 2016 [34] (p. 27). 

This study addresses the scientific problem of decarbonisation and changes in diffu-
sion in the practice of that process and attempts to find a solution to it. Many determinants 
condition the decarbonisation of national economies. It is difficult to assess what kind of 
determinants play a crucial role in decarbonisation processes in many cases. Schmidt and 
Weight further observe that, within energy studies, interdisciplinary works are rare: “de-
spite the pre-dominantly socio-economic nature of energy demand, such inter-discipli-
nary viewpoints–albeit on the rise–are still the minority within energy-related research” 
[22] (pp. 206–219). That is why the authors have tried to carry out such studies. 

The traditional energy market is currently in transition towards a more flexible en-
ergy system in where energy production is decentralized and based on renewable energy 
sources, technical platforms are smart and multiple actors can participate in the energy 
process. The role of end-user is evolving from a consumer to a prosumer, i.e., a producer 
and consumer of energy. The energy consumers and prosumers are expected to become 
significant players in the future energy ecosystem, enabling a new type of innovation and 
value creation opportunities for a variety of actors. It is important to investigate how in-
dividuals recognize determinants of decarbonization. The findings highlight how deter-
minants of decarbonization can play an active role in the transformation of the traditional 
energy market. 

In the literature on decarbonisation processes, no broad theoretical explanations in-
dicate the crucial determinants supporting such operations. 

4. Results 
The research yields answers to the following research question: Which of the follow-

ing do you think has the most impact on decarbonisation? 
1. Subsidies for mining. 
2. Subsidies for local governments (e.g., the decommissioning of furnaces). 
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3. Prosumer solar photovoltaics development programmes. 
4. Capacity market. 
5. Opening up the EU energy market. 

The answers to the questions are presented in Figure 1. 

 
Figure 1. Respondents’ opinions on the activities determining decarbonisation processes. Source: Own research based on 
the results of an online survey, n = 444. 

Of the respondents, 42% stated that mining subsidies had no impact on the decar-
bonisation process; 19% believed that mining subsidies were a factor increasingly influ-
encing the decarbonisation process, and 11% thought that the mining subsidy policy had 
a significant impact on decarbonisation. 

The opposite situation was observed with respondents’ responses to the question 
“Which of the following measures has the greatest impact on decarbonisation, in your 
opinion?” Forty percent of participants stated that subsidies for local governments (e.g., 
decommissioning of furnaces) significantly impacted decarbonisation, while 22% be-
lieved that such subsidies increasingly affected measures to reduce CO2 emissions. Ac-
cording to 3% of respondents, subsidies for local governments had no impact on the de-
carbonisation process.  

For 64% of respondents, the development programmes for prosumer solar photovol-
taics had a significant or reasonably large impact on eliminating CO2 emissions due to 
their harmfulness to the environment. Only 3% of respondents believed that these pro-
grammes did not affect decarbonisation (Figure 1). 

Another topic in the survey concerned the power market, which constitutes regula-
tory solution stabilizing the electricity supply to households and industries as part of a 
long-term plan. Therefore, it is a guarantee of uninterrupted electricity supply to all elec-
tricity consumers. The capacity market in Poland was introduced in 2017 and is expected 
to operate until 2046. The security of covering the forecast demand of consumers for 
power in a given year is contracted several years in advance; therefore, respondents were 
asked whether, in their opinion, the capacity market influenced decarbonisation. 

The responses of the survey participants were quite similar to each other and were 
as follows (Figure 1): 
• no impact (7%); 
• very little/negligible impact (21%); 
• hard to tell (32%); 
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• visible impact (28%); and 
• significant impact on decarbonisation (12%). 

The last question in the survey concerned the EU free energy market. The participants 
answered this question similarly to the previous ones. Fifty-eight percent believed that 
the EU free energy market would increasingly impact the elimination of CO2 emissions, 
20% considered that it had a significant impact on decarbonisation, and only 9% believed 
that it would make no difference. 

When respondents answered the second question, of which of the following activities 
should be transferred from the central level to the local level, nearly 86% stated that sub-
sidies for local governments and photovoltaics development programmes significantly 
impact decarbonisation (Figure 2). 

 
Figure 2. Respondents’ opinions on the activities determining decarbonisation processes (Question 2: (Which of the fol-
lowing activities should be transferred from central to local regulation?). Source: Own research based on the results of an 
online survey, n = 444. 

The responses of the survey participants were quite similar to each other and were 
as follows (Figure 2): 

• no impact (14%); 
• very little/negligible impact (15%); 
• hard to tell (41%); 
• visible impact (7%); and 
• significant impact on decarbonisation (23%). 
According to the answers received in the study, 59 respondents believe that activities 

related to the decarbonisation of the economy, including granting subsidies to resi-
dents/recipients (e.g., for the liquidation of the back) should not be transferred from the 
central to the local level. Fifty-four respondents indicated that it is difficult for them to 
assess this phenomenon, and 99 people participating in the study did not have a firm 
opinion on the subject. In response to this question, the dominant opinion (232 respond-
ents) was that activities refering to the decarbonisation of the economy, i.e., the granting 
of subsidies to residents/recipients (e.g., for the liquidation of furnaces) should be trans-
ferred from the central level to the local level. 

Another area of scientific research on the transfer of activities related to the econ-
omy’s decarbonisation from the central to the local level was prosumer photovoltaic de-
velopment programmes. Eighty-one respondents answered that, in their opinion, these 
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programmes should not be transferred from the central to the local level; 102 people tak-
ing part in the survey found it difficult to assess this phenomenon. It can be assumed that 
these people do not have adequate knowledge of the subject. As many as 105 people did 
not have a precise opinion, and 156 respondents believed that activities related to the de-
carbonisation of the economy, including the management of programmes for the devel-
opment of prosumer photovoltaics, should be transferred from the central to the local 
level. 

According to 19.81% of respondents, activities related to the decarbonisation of the 
economy, including energy compensation, energy storage, and production by day and 
night, should not be transferred from the central to the local level (8.55% of respondents 
had a strong opinion in this respect). According to the data presented in Figure 2, it was 
difficult for the respondents to assess this phenomenon as they did not have a firm opin-
ion on the subject (27.74%). As many as 57.42% of respondents thought that such activities 
related to the decarbonisation of the economy as energy compensation, energy storage, 
daytime energy production, and night-time consumption should be transferred from the 
central level to the premises (28.15% of respondents had a strong opinion in this respect). 

The data from Table 2 are presented in Figure 3. They are the means of all responses 
obtained in the studies. They show that subsidies for mining are the least important factor 
for all generations. They have no or a minimal impact on decarbonisation. This is illus-
trated by the lowest average response value for all ages (especially the youngest, Genera-
tion Z) regarding the opening of the EU energy market. Older generations pay attention 
to local subsidies and the development of photovoltaics. However, Generation Z was the 
least numerous group. Therefore, it can be assumed that the responses obtained from 
Generations X and Y are the most representative (Table 3). 

Table 2. Respondents’ opinions on the average importance of the impact on decarbonisation. 

 Average of Importance of Impact on Decarboni-
sation 

Age A B C D E 
1943–1960 (Baby boomers (BB)) 2.15 3.85 3.92 2.69 3.23 

1961–1981 (Generation X) 2.08 3.84 3.93 3.08 3.44 
1982–2000 (Generation Y) 2.40 3.96 3.75 3.20 3.33 

2001–Present (Generation Z) 2.75 3125 3.5 3.5 4.0 
Total 2.31 3.91 3.80 3.16 3.37 

Source: Own research. A—Subsidies for mining; B—Subsidies for local governments; C—Prosum-
ers’ photovoltaics development programme; D—Capacity market; E—The opening-up of the EU 
energy market. 
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Figure 3. Average importance of impact on decarbonisation. Source: Own research based on the results of an online sur-
vey, n = 444. 

Table 3. Count of the importance of impact on decarbonisation. 

Importance of Impact on Decarbonisation: Subsidies for Mining 

Age  
City City To-

tal 
Village Village 

Total 
Total 

Female Male Female Male  

1943–1960 (Baby boomers 
(BB)) 5 4 9 1 3 4 13 

1 2 3 5  1 1 6 
2 1  1 1 1 2 3 
3 1  1    1 
4 1  1  1 1 2 
5  1 1    1 

1961–1981 (Generation X) 32 64 96 13 13 26 122 
1 16 38 54 3 10 13 67 
2 4 10 14 2 2 4 18 
3 4 7 11 3  3 14 
4 3 1 4 1 1 2 6 
5 5 8 13 4  4 17 

1982–2000 (Generation Y) 111 94 205 71 25 96 301 
1 39 41 80 18 12 30 110 
2 18 21 39 14 4 18 57 
3 24 16 40 22 4 26 66 
4 18 7 25 13 2 15 40 
5 12 9 21 4 3 7 28 

od 2001–Present (Genera-
tion Z) 5 2 7 1  1 8 
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1 2 1 3    3 
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Advanced Statistical Analysis 
The median is calculated, assuming what follows: 
Assumption: 

ଵݔ  ≤ ଶݔ ≤. . . ≤  ௡ݔ

 
(1)

DI: 
 

݉௘ =  ൝ ଶ 12/(௡ାଵ)ݔ ௡/ଶݔ) +  (௡/ଶାଵݔ

 

(2)

for n-odd; for n-even. 
SzR: 
 

݉௘ = ௠തതതതݔ   + ݀݊௠ ቌ݊ −  ݊௠2  − ෍ ௝݊௠ିଵ
௝ୀଵ ቍ 

 

(3)

The variances from the sample were calculated (s2-sample variance): 
DI: 

 

ଶݏ  =  1݊ ෍(ݔ௜ ଶ௞( ݔ̅ − 
௜ୀଵ  

 

(4)

SzR: 
 

ଶݏ  =  1݊ ෍ ௝݊൫ ݔఫഥ ൯ଶ௞ ݔ̅ − 
௝ୀଵ  

 

(5)

Thus, s is the standard deviation. 
Standard deviation is one of the measures of dispersion (variability, dispersion) in-

tended for testing the degree of variation in the value of a variable. Generally, the standard 
deviation reflects how much the variable’s values in the studied population deviate from 
the arithmetic mean of the studied variable’s value. High values of standard deviation 
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indicate that the variable’s values are forcefully dispersed around the mean (considerable 
differentiation), while low values indicate small dispersion (low differentiation).  

The standard deviation is strongly related to the arithmetic mean. We have already 
noted that the arithmetic mean is useful for examining a population with a low degree of 
differentiation of the variable feature. At the same time, its disadvantages include dis-
torting the result of the mean by adding extreme values. Groups that are not characterised 
by homogeneity are often a focus of study; in our case, the arithmetic mean has a low 
cognitive value. So, the standard deviation comes to our aid.  

We can also calculate the standard deviation as follows: 

 
where s symbolises the standard deviation and n − 1 is the number of samples minus 1. 

Figure 4 presents the means obtained from the answers to the impact of decarboni-
sation and standard deviations. They clearly show that all standard deviations are in the 
range from 1.5 to 2.6. The respondents’ most unambiguous answers from Generation Z, 
however, cannot be taken into account due to their small size. Yet, also for baby boomers, 
very high and singular recognition (with a low standard deviation) was given to the pro-
consumer photovoltaic development programmes. 

 

 

Figure 4. Average importance of impact on decarbonisation with marked standard deviations. Source: Own research based 
on the results of an online survey, n = 444. 

Figure 5 presents the distribution of the number of respondents depending on age 
and sex, with an additional indication of the place of residence. Generations X and Y are 
representative, so their results are taken into account in particular. 
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Figure 5. Distribution of responses by sex and localisation by age. Source: Own research based on the results of an online 
survey, n = 444. 

Figure 6 and Table 4 show the average levels of answers to the question about the 
necessity of transferring activities directly to local levels, and standard deviations. Gener-
ations X and Y, which we consider due to them representing the majority of respondents, 
responded unanimously. For them, priority is given to local support programmes of fur-
nace replacement and programmes related to photovoltaics. 

Table 4. Mean values in responses to the question of necessity, scored from 1 to 5; sorted by age. 

 
Average of Necessity of Transferring Actions from the 

Central to the Local Level 
Age A B C D E 

1943–1960 (Baby boomers (BB)) 4.23 4.08 3.31 4.00 3.85 
1961–1981 (Generation X) 4.24 3.96 3.43 3.63 3.43 
1982–2000 (Generation Y) 4.01 3.56 3.63 3.33 3.44 

2001–Present (Generation Z) 3.62 3.12 3.87 3.75 4.12 
Total 4.07 3.68 3.57 3.44 3.46 

Source: Own research. A—Subsidies for the residents/end users (i.e., boilers’ replacement pro-
gramme); B—Prosumers’ photovoltaics development programme; C—Compensation for electric-
ity, energy storage, production during the daytime, and consumption at night; D—Funds for envi-
ronmental protection; E—Support of development of modern power sources (CHP bonus, renewa-
ble energy sources). 
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Figure 6. Average of necessity of transferring activities directly to local levels. Source: Own research based on the results of an online 
survey, n = 444. 

It is assumed that the standard deviation, being one-third of the mean, indicates a 
narrow distribution (Table 5 and Table 6). 

Table 5. Mean values in responses to the question of necessity, scored from 1 to 5; sorted by age, 
with marked standard deviations. 

 i1 i2 i3 i4 i5 
Average 2.31 3.90 3. 80 3.16 3.37 

Standard deviation 1. 38 1.12 1.11 1.11 1.19 
Source: Own research. Notes: The answers to the first question were ranked in importance from 1 
to 5, and numbers provided from 1 to 5 for subsequent responses. 

Table 6. Average values and standard deviation to the responses n1–n5. 

 n1 n2 n3 n4 n5 
Average 4.07 3.68 3.57 3.44 3.46 

Standard deviation 1.21 1.27 1.24 1.32 1.36 
Source: Own research. Notes: The answers to the second question were ranked in Necessity from 1 
to 5, and numbers provided from 1 to 5 for subsequent answers. 

Table 7 summarises the obtained covariance levels for questions 1 and 2, respectively, 
for answers from i1 to i5 and from n1 to n5. 

  

0

1

2

3

4

5

6

7

8

1943-1960 (Generation baby boomers
(BB))

1961-1981 (Generation X) 1982-2000 (Generation Y) 2001-Present (Generation Z)

Average of Necessity to transfer actions from the central to the local level: subsidies for the residents/end users (i.e. boilers' replacement programme)

Average of Necessity to transfer actions from the central to the local level: prosumers' photovoltaics development programme

Average of Necessity to transfer actions from the central to the local level:  compensation for electricity, energy storage, production during the daytime
and consumption at night

Average of Necessity to transfer actions from the central to the local level: Funds for environmental protection

Average of Necessity to transfer actions from the central to the local level:  support of development of modern power sources (CHP bonus, renevable
energy sources)



Energies 2021, 14, 1217 15 of 23 
 

 

Table 7. Covariances for the response set for i1–i5 through n1–n5. 

Covariation n1 n2 n3 n4 n5 
i1 0.25 0.06 0.17 0.20 0.14 
i2 0.59 0.45 0.33 0.18 0.17 
i3 0.41 0.68 0.26 0.22 0.30 
i4 0.13 0.25 0.31 0.33 0.37 
i5 0.13 0.17 0.38 0.49 0.42 

Source: Own research. 

The highest covariance of 0.68 is for the answer to the question about photovoltaics 
and its support in questions 1 and 2. This covariance confirms that the calculations are 
correct and that the data obtained from the study are accurate. 

The second-largest covariance (0.59) is for the answer to the question about the support 
of local government and the transfer of support to local areas from the central level, both in 
questions 1 and 2. This also confirms the correctness of the obtained data and the correctness 
of the answers provided. This covariance is graphically presented in Figure 7. 

 
Figure 7. Covariation. Source: Own research based on the results of an online survey, n = 444. 

Both covariation and strong correlation can indicate a strong relationship where the 
result is above 0.5. In the case of i3n2, robust covariation is confirmed (0.68), and the cor-
relation (0.49) is sufficiently strong (Figure 6). The results from the sample of 444 indicate 
that the strongest covariation and correlation concerns the importance of the impact on 
the decarbonisation of the prosumer solar photovoltaics development programme. 

The correlation was also calculated, which confirmed the above conclusions for the 
covariance. The correlations are presented graphically in Figure 8. 
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Figure 8. Covariation. Source: Own research based on the results of an online survey, n = 444. 

Table 8 shows two correlation coefficients that are higher than the remaining ones. 
Correlation at the level of 0.43 in response to questions i2 and n1 suggests that the voters 
were in favour of entrusting the actions to local government rather than centralising them. 
They reasoned that the local authorities would know their residents better (Figure 8). 

Table 8. Correlations for the response set for i1–i5 through n1–n5. 

Correlation n1 n2 n3 n4 n5 
i1 0.15 0.03 0.10 0.11 0.08 
i2 0.43 0.32 0.24 0.12 0.11 
i3 0.30 0.49 0.19 0.15 0.20 
i4 0.10 0.18 0.23 0.22 0.24 
i5 0.09 0.11 0.26 0.31 0.26 

Source: Own research. 

At the level of 0.49, an even stronger correlation is visible in responses to questions 
i3 and n2. This correlation between answers to these two questions suggests that voters, 
who think that photovoltaics is a crucial factor in the decarbonisation process, would pre-
fer local governments to distribute the subsidies instead of there being centrally controlled 
distribution of funds. These two coefficients suggest strong support for the local govern-
ments by the community (Figure 9). 
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Figure 9. Distribution of responses by sex and localisation by age. Source: Own research based on the results of an online 
survey, n = 444. 

The next question was about the solutions that the EU should introduce in the field 
of decarbonisation. Respondents could give a free, subjective answer, or several answers, 
to this open-ended question. The aim was to obtain as many attitudes and opinions as 
possible to analyse the decarbonisation further. It should be emphasised that this phe-
nomenon is still poorly understood in society. Of the respondents, only 238 answered this 
question; about 20% of the participants indicated that they had no opinion, could not 
judge, did not know, or found it hard to assess. 

The respondents’ answers to the question “What solutions do you think the EU 
should introduce for regulations regarding decarbonisation?” were categorised into four 
groups. It should be following sentence In the Table 9. common responses to the survey 
are shown.  

Table 9. EU solutions in the field of decarbonisation: implementation possibility by individual 
member states, according to respondents. 

No. Action Characteristics and Specification 

1 Coal management 

- coal import ban 
- high customs duties 
- no smoking of coal 
- the use of coal as fuel is prohibited 
- reduction of coal extraction in mines 
- a total ban on the production of energy from fossil fuels 
- introduction of high penalties 

2 Grants 

- granted to households and entrepreneurs 
- subsidies for prosumer solar farms 
- dedicated EU programmes 
- reduction of subsidies to energy-intensive industries 
- for renewable energy sources 
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- subsidies for households to replace old stoves 
- subsidies for the use of other energy sources besides solar—
in particular, biomass and wind energy 

3 Nuclear energy 

- common projects 
- conduct/implement a low-emissions nuclear policy 
- the example of France 
- develop and promote nuclear energy 
- the EU should allow the construction of nuclear power 
plants from EU funds 
- recognition of nuclear energy as an effective decarbonisa-
tion mechanism 

4 RES technologies 

- support and assistance 
- legal and technical support 
- penalties for the lack of RES investments 
- subsidising small RES installations of various types 
- growing the share of renewable power sources in total 
power production 

5 Taxes 

- CO2 taxation, including the aviation industry 
- impose charges and emission duties 
- introduce a carbon footprint tax for products imported from 
outside the EU 
- introduction of high carbon taxes, including for households 

Source: Own research based on the results of an online survey, n = 238. 

In addition to the solutions mentioned above, other respondents suggested that there 
should be a standard energy policy and a uniform EU position toward natural gas suppli-
ers. Survey participants also pointed out that no country in the EU without extensive fi-
nancial and technical capabilities in hydroelectric power and geothermal energy had de-
carbonised its energy sector without a nuclear power plant. 

Another proposal concerned a change in the law, namely, a new EU regulation de-
fining a binding prospect for the coal industry’s liquidation and establishing a special de-
commissioning fund for mining in the EU. According to the respondents, the problem of 
the existing EU solutions is the lack of appropriate bonuses (incentive bonuses) for coun-
tries ahead of schedule to reduce CO2 emissions. The European Commission should de-
velop its own, independent, individual national schedules, based on its analyses in this 
study. 

While analysing what regulations the EU should introduce in decarbonisation, a 
small group of respondents suggested that the energy market should not be controlled 
and should not receive subsidies, with energy policy left as a national policy under the 
control of each country. These respondents also stated that the largest EU countries were 
the ones that set the standards for decarbonisation. 

Another respondent suggested transforming the energy sector toward large zero-
emission sources, such as nuclear, offshore wind, or hydropower. However, another re-
spondent indicated that Poland had a high degree of afforestation. 

The respondents also highlighted the following issues: 
• introduction of CO2 certificates; 
• introduction of emission limits for households; 
• mandatory end to solid fuel stoves (coal); 
• increasing the awareness of society and consumers about the positive impact of re-

newable energy sources on the natural environment and human health; 
• elimination of own contribution through EU subsidies; 
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• elimination of tedious procedures (minimising formalities) for replacing heating de-
vices; and 

• making member states accountable for the effects of decarbonisation. 
In conclusion, although the results were based on the respondents’ subjective opin-

ions, individuals’ views and attitudes within the external environment for decarbonisa-
tion are fundamental, especially when looking at the best way to reduce CO2 emissions. 

Considering the results of the assessment of the main factors influencing the decar-
bonisation process in Poland, in which 249 respondents provided detailed answers, 
around 20% of the survey participants did not give any answer, indicating that they had 
no response, did not know, or could not judge. 

The responses to the questionnaire indicated that the main factors in the decarboni-
sation process, according to the respondents, were subsidies and nuclear energy (approx-
imately 50% of the respondents mentioned nuclear points). Among the most frequent an-
swers were replacing coal-fired energy plants with substitute like e.g., energy plants and 
the decommissioning of old solid fuel stoves. Considering that the respondents were 
asked an open-ended question and each had the opportunity to provide long answers, the 
most frequently indicated determinants affecting the elimination of CO2 emissions are 
presented in Figure 10. 

 
Figure 10. Main determinants of decarbonisation according to the respondents. Source: Own research based on the results 
of an online survey, n = 249. 

Respondents seem to be aware that there is no single, simple solution to reducing 
fossil fuel consumption and CO2 emissions. Divesting from fossil fuels is a great challenge 
for Poland. The largest sources of CO2 emissions are the combustion of fossil fuels in 
power plants, transport (cars and planes), processes related to the production of industrial 
goods, and deforestation. Poland has to face these problems to transition to a low-carbon 
future [35-37]. 

5. Discussion and Conclusions 
The study’s main aim was to reveal the determinants of decarbonisation influencing 

the energy transformation in Poland. Poland is one of the countries whose energy is still 
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based on carbon (the others are China, Russia, Australia, Ukraine, and the USA). Cur-
rently, the politics of the whole world resists decarbonisation. In Poland’s case, the coal 
share is decreasing, but it is still the most important fuel for electricity production. Gov-
ernments must implement policies that are environmentally friendly, cost-effective, and 
socially acceptable. Social acceptance risk plays a significant role in Poland, so it is crucial 
to know the factors influencing decarbonisation and energy transformation. The authors 
conducted a survey, the results of which should be of benefit to policy-makers and re-
searchers worldwide. In our opinion, it is novel research and has important results con-
cerning energy and climate change. It also presents the directions enabling the diffusion 
of knowledge regarding decarbonisation to develop a sustainable energy strategy for Po-
land. 

The authors investigated phenomena that have not been studied in the literature so 
far. The following determinants impact decarbonisation: subsidies for mining, subsidies 
for local governments (e.g., decommissioning of furnaces), prosumer solar photovoltaics 
development programmes, market capacity, and opening up the EU energy market. The 
authors were interested in social support for these determinants. Research has shown that 
mining subsidies had no impact on the decarbonisation process. The respondents stated 
that the development programmes for prosumer solar photovoltaics had a significant im-
pact on eliminating CO2 emissions due to their harmfulness to the environment. Local 
governments provide better support for the decarbonisation process, and should support 
such activities. Poland was generally seen as a clean energy laggard, but it shot up the 
solar energy charts by adding 2.2 GW, more than double its capacity last year. Unleashing 
this potential is crucial for sustaining momentum in the EU solar sector and meeting Eu-
ropean Green Deal climate and energy targets. To make the most of this golden oppor-
tunity, the rate of deployment for solar needs to increase exponentially, with innovative 
applications such as floating solar, agricultural photovoltaics, and building-integrated 
photovoltaics showing significant potential to foster further demand and growth. 

Now is not the time for complacency, but for action to ensure a green recovery from 
the pandemic and a just global transition towards a decarbonised and renewable future. 

We suggest that the main pathways in the decarbonisation process in Poland could 
include the following: 
• facilitating investments in wind, solar, geothermal, and hydroelectric energy; 
• consciously improving energy policy and energy security; 
• coordinating the development of the most effective types of RES; 
• construction of a nuclear power plant; 
• regulating energy prices and prices for products with high carbon content; and  
• transformation of Silesia. 

Based on the survey results, we can draw similar or even the same specific conclu-
sions about the critical determinants of Poland’s energy market transformation process—
education, knowledge, and awareness for both society and business. Other factors include 
the use of renewable energy, the construction of a nuclear power plant, subsidies for re-
newable energy sources, the replacement of furnaces, the development of new technolo-
gies, the inclusion of transmission infrastructure, and changes in people’s deeply rooted 
beliefs. The study reviewed the international literature on the theory and practice of de-
carbonisation, emphasising the experiences of other countries, including the USA and 
China. The authors also rely on German and Scandinavian experiences. However, the car-
bon dioxide emissions resulting from burning coal are still a major problem in other coun-
tries. The USA and China were used as examples because they still use significant 
amounts of coal for energy production and locally for heat production. Germany has long 
been marginalizing this problem through programmes for the development of renewable 
resources. Scandinavia, on the other hand, does not use coal at all to produce energy and 
coal. The selection of the present comparisons at the current stages of the development of 
decarbonisation was deliberate. To reduce greenhouse gas emissions in Poland by 2050, 
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the decarbonisation of the economy should occur four times faster than in recent years. In 
the years 2030–2050, our actions should double in intensity, and the social perceptions of 
this phenomenon are essential. For the environment, the replacement of coal by gas is of 
enormous importance. Gas is the next step to stop emissions completely. Gas burns ex-
ceptionally cleanly (even without exhaust gas treatment), emitting twice as much CO2 as 
the calorically equivalent amount of carbon. The energy conversion efficiency is high. 
Even small engine installations offer electrical efficiency comparable to the largest coal 
installations (~45%), and the ceiling of large gas-steam units (~60%) is unattainable for 
coal-fired power plants. Gas blocks are cheap in terms of investment, and are quick to 
build and flexible (quick start-up/shutdown). We can find an analogy with the analysis in 
Sadik-Zada and Gatto [38]. In order to account for the differences between advanced and 
developing / transition economies, we have included a dummy variable, which takes the 
value “1” for all developing and transition economies and the value “0” for advanced 
economies. This volatility reflects the partially differentiated influence of the energy sector 
on the rest of the economy in these two groups. There is a difference between developing 
/ transition economies and advanced economies in terms of public debt levels. 

This study concluded that several paths lead to decarbonisation and energy market 
transformation and, thus, to climate neutrality. These empirical results could be used to 
diagnose the state’s level of use of instruments to implement its sustainable development 
goals. Such analytical research has not yet been presented for Poland; this study is the first 
to attempt to identify the determinants of the decarbonisation process in Poland. This 
study can be used as a basis for further research on this topic. When we compare natural 
gas with fuels such as coal and oil, it has a lower carbon intensity. The use of gas as a fuel 
therefore leads not to total elineation, but only to a reduction in carbon dioxide emissions. 
As widely known, this emission is mostly responsible for the anthropogenic changes in 
our global climate. Therefore, natural gas used as a fuel is considered only as a temporary 
source of energy on the way to the complete elimination of carbon dioxide emissions. This 
is particularly evident in energy mixes dominated by coal [39]. However, significant crit-
icisms are being made against this view. One of the more famous researchers is Howarth’s 
(2014) argues that both energy extracted from gases which are extracted from shale rocks 
is very harmful to the environment. According to this view, these sources have a greater 
impact on climate change than the burning of coal and oil. Only natural gas-based elec-
tricity generation has a moderate impact on the change in emissions. this varies from sec-
tor to sector of the economy. In the heating and mobility sector, for example, natural gas 
has a higher level of gas share, GHGs. Howarth argues, and gives this as the main argu-
ment that methane is particularly harmful. Natural gas has lower carbon dioxide emis-
sions compared to shale gas. However, it is more harmful that it has a higher methane 
emission factor. According to his view, even small amounts of methane are more harmful 
to global warming than carbon dioxide emissions. Nevertheless, this argument is no 
longer important when we consider the development of energy technologies that signifi-
cantly reduce methane emissions [38]. 

Additionally the Authors have to add in the case of no decarbonisation significant 
part of the existing energy infrastructure, regardless of climate change, will need to be 
renewed in the next 20 to 30 years. More than 50% of the capacity of centrally dispatched 
generation units will most likely be decommissioned by 2035.1At the same time, more 
than three quarters of the aerial high- and medium voltage lines that form the basis of the 
transmission system are now over 25 years old.16 This reality provides an opportunity to 
design and build with a zero-carbon mindset instead of retrofitting or prematurely shut-
ting down existing assets. In addition, Poland, with its large forest area, has a net carbon 
sink (capturing 34 MtCO2e in 2017)17 that the country could use to offset emissions from 
hard-to-abate economic activities such as agriculture [40]. 

Future research should concern confirmation of whether the Polish government deals 
with the decarbonisation process accordingly with social expectations. Moreover, a de-
tailed study should be carried out as to whether the Polish government is willing to act 
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on this matter. Poland’s zero-carbon economy shift should be a long-term and stable plan 
ideally working by 2050. What is more, this should also be coherent with a medium-term 
reference aim for objectives and undergoing legislative changes. Are the Polish govern-
ment and society willing to accept the sunset of the mining sector? What is more, are they 
accepting the actual need to decrease the conventional coal-fired power production in up 
to 30 years? How about accepting the urging need of pushing the debate on the electricity 
generation’s future in Poland? It would be crucial to, before 2050, explore feasible meth-
ods to a near zero-carbon system which would deliver double the amount of energy as 
today? Research should also be provided in terms of the social acceptance of a low-carbon 
transition plan for the mining industry in Poland. It should also ensure a consistent regu-
latory framework taking into account inclusion of the global climate regulations issues in 
both foreign and export-oriented policies and also the early breakthrough procedures in-
novations distribution nationwide.  
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