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Abstract

:

Limiting CO2 emissions has been adopted as a contemporary challenge and introduced into numerous global and regional policies. The measures taken to reduce greenhouse gas emissions largely relate to the decarbonization of the economy. Changes in the Polish energy sector are a huge challenge because the energy mix is dominated by the energy derived from coal combustion. Decarbonizing the energy sector will require significant financial resources. Therefore, several questions arise: What is the social attitude to the planned changes? How do residents treat the issue of greenhouse gases? Do they perceive the relationship between energy production and the quality of the natural environment? What are their expectations regarding the transformation of the energy sector? The aim of this study was to identify the opinion of the inhabitants of southeastern Poland on changes in the energy sector and its impact on the quality of the natural environment. The study was conducted at the turn of 2020 and 2021. The survey was partial and carried out using the CAWI (Computer Assisted Web Interview) method; 1539 questionnaire forms were filled in and the sample was randomly selected. The study confirms the following research hypotheses: 1. There is social support for the view that climate change is currently one of the greatest threats to modern civilization. 2. There is a social belief that the quality of the natural environment in southeastern Poland is good compared to other regions of Poland and Europe. 3. Increasing the share of energy based on renewable energy sources is socially expected. 4. There is a social expectation of nuclear energy. It can therefore be concluded that the surveyed community accepts the direction of changes in the energy sector.
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1. Literature Review


1.1. European Union (EU) Policy and Community Obligations


The climate and energy policy of the European Union (EU) is long-term and aims to achieve climate neutrality by 2050. EU policy has a significant impact on changes in the Polish energy strategy [1]. In order to switch to low-emission energy, the EU is implementing its climate and energy goals for 2020 and 2030 [2]. These trends accelerate significantly and this is a challenge for energy transformations in Poland in the near future [3,4].



The Paris Agreement was concluded at the “21st Conference of the Parties to the United Nations Framework Convention on Climate Change (COP21)” [5,6,7]. It was agreed at this conference that it was necessary to stop the increase in the global mean temperature and maintain it below 2 °C. However, it should be ensured that it does not exceed 1.5 °C. During the Polish presidency of the EU, in December 2018, the Paris Agreement began to be implemented in Poland through the so-called “Katowice Climate Package” [8]. At that time, great emphasis was placed on making this transformation fair and in solidarity. “Clean Energy for All Europeans” is an EU package that shows the way to build a single energy market and achieve the EU’s 2030 climate and energy goals [2,9]. Work on it ended in 2019 [4]. The Polish government actively influenced the shaping of the final version of the European model, which will determine the future of the Polish energy market [3,10]. A further revision of the key EU regulations relating to the energy sector is anticipated in the future. This applies in particular to the long-term vision of reducing greenhouse gas emissions by 2050 [1]. The European Green Lad from 2019 is an ambitious EU strategy striving for climate neutrality by 2050 [10,11]. Poland supported the European Green Lad, but tried to take into account the basic socioeconomic aspects that exist in our country [3,12].



All global economies were hit by the coronavirus (COVID-19) pandemic in 2020 [13]. It highlighted the important role of the energy security of Poland and other European countries [9,10]. It is important that after a pandemic, investment decisions are made in the context of ecological and low-carbon economic recovery [6,7]. Both national protection tools and EU support will be undertaken in Poland [3,14]. Moreover, the manner of carrying out the transformation should take into account socially acceptable energy prices in order not to aggravate energy poverty [8,14].



At the heart of the European Energy Policy are various measures aimed at creating an integrated energy market and ensuring security of energy supplies and a stable energy sector [10,13].



In line with the provisions made in the framework of the Energy Union of 2015 [9], the five most important goals of the EU’s energy policy are (i) diversification of European energy sources, ensuring energy security through solidarity and cooperation between EU countries; (ii) ensuring the functioning of a fully integrated internal energy market, allowing energy to flow freely within the EU through appropriate infrastructure and without technical or regulatory barriers; (iii) improving energy efficiency and reducing energy import dependency, reducing emissions and stimulating job creation and economic growth; (iv) decarbonizing the economy and moving to a low-carbon economy in line with the Paris Agreement; and (v) promoting research in low carbon and clean energy technologies and giving priority to research and innovation to stimulate the energy transition and improve competitiveness [2]. An EU decision introduced changes to the energy efficiency and governance policy of the Energy Union in 2019 in the context of the United Kingdom’s withdrawal from the EU [11]. The European Parliament has consistently expressed its strong support for a common energy policy that includes decarbonization, competitiveness, security, and sustainable development [1,4]. The European Parliament also supports the adoption of firmer commitments to meet the EU’s own goals, highlighting the fact that the new energy policy must support the EU’s greenhouse gas emissions reduction target and become climate neutral by 2050 [5,15].



PEP2040 (Poland’s Energy Policy until 2040) is our national contribution to the EU’s climate and energy goals [14]. The energy policy of Poland adjusts our national economy to the EU regulatory conditions in accordance with national possibilities [1,6,14]. PEP2040 predicts that the low-emission energy transformation will initiate the modernization of the entire national economy, guarantee energy security, ensure a fair distribution of costs and protect the most vulnerable social groups [8,16]. The PEP2040 also includes an innovative approach to the environment and climate, which should be accepted by society [17,18]. The Polish energy transformation will be based on three pillars (Table 1) and on key strategic elements (Table 2), setting out the detailed goals of this transformation [14].



The Polish Energy Transition will therefore be fair and will take into account all social groups. It will be initiated from the bottom up and will be focused on modernization and innovation [14,16]. It will also stimulate economic development, efficiency, and competitiveness [3,18]. Table 2 shows a more detailed description of the goals contained in the three pillars.



Therefore, Poland’s Energy Policy is based not only on security and ensuring the competitiveness of the economy, but also on reducing the environmental impact of the energy sector and on the optimal use of its own energy resources [14,16,18].




1.2. The Impact of Power Engineering on the Natural Environment


A resolution adopted by the General Assembly (UN) on 25 September 2015 “Transforming Our World: The 2030 Agenda for Sustainable Development” [19] sets out 17 sustainable development goals and 169 related tasks to be achieved by 2030. These goals concern five areas of the so-called 5×P: People, Planet, Prosperity, Peace, and Partnership [20]. The resolution was signed by all 193 member states of the United Nations, which undertook to monitor the achievement of goals and tasks through appropriate indicators [21,22]. In Poland, these indicators are dealt with by the Central Statistical Office [23]. When analyzing the sustainable development goals, special attention should be paid to two, namely goal 7: “Ensure access to stable, sustainable, and modern energy at affordable prices for all”, and goal 13: “Take urgent measures to combat climate change and their effects” [19]. The implementation of these goals, together with the related tasks, is to significantly contribute to accelerating the reduction of global greenhouse gas emissions by increasing the share of renewable energy sources and by increasing the global efficiency of energy consumption [5]. It is also to contribute to undertaking adaptation measures to the progressive negative effects of climate change [11,17,24].



Achieving a deep reduction of greenhouse gases or even climate neutrality by 2050 will require qualitative changes in Polish Domestic Policy, going far beyond the scenarios considered in the national public debate [14], including: ensuring even twice as much electricity supply with almost complete elimination of emissions from power engineering; complete elimination of fossil fuel heating in buildings; dominating the energy mix in transport by alternatives to fossil fuels (electromobility, biofuels, synthetic fuels, or hydrogen); replacement of traditional technologies in heavy industry with zero-emission alternatives and the widespread implementation of the principles of the circular economy; large and simultaneously sustainable increase in the supply of biomass for energy purposes [17]. The main objective of the Polish Energy Policy is to develop the potential of the environment for the benefit of citizens and entrepreneurs [18]. The specific objectives will take into account the most important trends in the field of the environment, in a way that allows for harmonizing issues related to environmental protection with economic and social needs [12]. The topic of energy is included in the directions of interventions regarding the elimination of air pollutant emission sources [3]. It specifies the directions of activities that will receive support, such as investments related to increasing the share of renewable energy [14], modernization of CHP systems in order to reduce pollutant emissions [25], development of low-emission transport [26], reduction of energy losses related to its transmission, and the development of energy clusters [14,18] and transformation of municipalities into energy self-sufficient communities [12,27].



Various branches of the energy sector affect various elements of the environment in a variety of ways, including for people, animals, plants, water, air, landscape, climate, and natural resources (Table 3) [18].



Table 3 shows that the planned development of both renewable energy sources and nuclear energy in Poland has an impact on the natural environment [14,17,24]. This impact can be both positive and negative, and short- and long-term. In contrast, it is believed that the abovementioned energy sources are mostly low-emission or zero-emission, and thus fit into the zero-emission economy of the future, not only in Poland, but also in the EU and worldwide [14,15,24].




1.3. Climate Changes and Power Engineering


According to scientists from around the world, the phenomena occurring on Earth today are very disturbing because the highest temperatures and the greatest concentration of CO2 have been observed in the last twenty years, ever since these parameters were measured [28]. According to the data of the World Meteorological Organization (WMO) [29], the years 2010–2019 were the hottest years in the entire history of the Earth, and 2019 was one of the top three warmest years in the entire history of measurements [28]. The data presented by WMO [29] therefore show that “our planet and life on Earth are on the brink”, and climate change causes a much more frequent occurrence of violent weather phenomena, which in turn also affects the existence of the world’s population [30]. However, one should remember the bilateral dependence, as climate change affects the population, but also the population can contribute to this change by promoting activities related to the emission of greenhouse gases [31,32].



The results of the report of the International Panel on Climate Change (IPCC) [33] show that in order to avoid exceeding the limit of the temperature increase by 1.5 °C, only technological changes are not enough, as achieving this goal depends to a large extent on changing lifestyle to focus on reducing energy consumption [31]. Scientists claim that humanity should comply with the policy of energy efficiency in the coming years because the fate of the Earth and the planet’s inhabitants will depend on it [34]. Climate change, caused by the increase in global temperature, will be felt worldwide, regardless of where they live, and it will also affect Polish residents [35]. According to the members of the International Panel on Climate Change, an increase in the mean global temperature by 2 °C will cause the Earth to face far more frequent weather anomalies, such as storms, floods, droughts, storms, fires, and frosts [29,30].



The report [30] underlines that in 2019, 409 natural disasters were recorded globally, largely as a result of climate change. These disasters resulted in losses amounting to 232 billion USD, of which 71 billion related to the payment of claims. Just five of the costliest flood disasters in the US, China, India, and Iran cost more than 53 billion USD in direct economic impact. In Poland, the droughts in 2019 burdened the economy with around 1 billion USD and largely translated into a 5% increase in food prices [36]. Additionally, it is emphasized that the occurrence of drought each year may cause a snowball effect, accumulating negative consequences and leading to, for example, soil desertification [28,35]. In contrast, it is a fact that energy is necessary in the process of creating wealth in industry and commerce, and also to achieve a proper quality of life in society [37]. Energy consumption is also a significant source of greenhouse gases produced by humanity, as about two-thirds of the global greenhouse gas emissions are the result of burning fossil fuels for the production of heat and electricity, together with transport and industry [15,31].



There is a clear relationship between energy and welfare, as measured by GDP per capita and CO2 emissions at the same time [37]. The richer the society, the greater the consumption of energy; therefore, the thesis can be presented that with the economic development of countries, higher energy consumption and, at the same time, higher CO2 emissions per capita take place. An example is the USA, where GDP per capita is over 63,000 USD [38]. In Poland, about 10 kg of coal, 3 L of oil, and 1 m3 of gas are consumed per person each day, and owing to fossil fuels the way of life of the society has changed dramatically. In 2019, Poland, with a GDP per capita of USD 15,274, was 45th in the world, and the overall CO2 emissions per capita were 35% lower compared to 1980, which resulted in 8.5 tons of CO2-equivalent greenhouse gases and ranked the country 36th in the world [35].



In the period 1999–2019, world GDP increased by nearly 70%, which resulted in an increase in energy consumption by about 40% and by the same amount of CO2 emissions from fossil fuel combustion [33]. It should be noted that in the 2019–2020 period, developed economies saw an average decrease of 10% in annual emissions, while in emerging and developing economies the decrease was only 4% [32]. The largest decrease was recorded in the USA (by nearly 50%) and in the European Union generally over 25%, while China saw an increase in emissions (by nearly 8%) [39,40].



In the European Union, in the years 1990–2019, the emission of the main greenhouse gases (Table 4) reached a total value of 5630 million tons, of which CO2 emissions were the greatest (82.5%), followed by CH4 and N2O [32]. Over the analyzed period, a downward trend in the amount of emitted gases was observed. Generally, in 2019 it decreased by 29.1% in relation to 1990. The downward trend concerned practically all greenhouse gases except HFCs (hydrofluorocarbons), where an upward trend was recorded [33].



When interpreting the main sources of greenhouse gas emissions in the EU in 1990–2019 (Table 5), it can definitely be stated that it is the energy sector to the greatest extent (77%), followed by agriculture and industry [15,32]. As in the case of general issuance, the main issuer sectors also recorded a downward trend in the period under review [33,39], which can also be seen in most countries (Table 6) [32].



In the case of the energy sector, Large Combustion Plants (LCPs) deserve special attention, which vary in size from 50 MWt (megawatts of thermal power) to even over 2000 MWt, the very large ones account for 21% of the LCP and generate 70% of installed power. In the EU, they account for around 40% of the electricity production capacity and depend highly on fossil fuels, producing a significant amount of emissions of air, water, and land pollutants [31,37]. In this situation, many countries are wondering what direction should be taken to develop an energy policy in order to meet the growing energy needs and, at the same time, to reduce CO2 emissions [6,15]. Scientists say that getting out of the situation is definitely not linked to the use of carbon [41]. However, is politics heading towards the end of the coal age? It definitely does not indicate this, as coal remains a significant fuel [14,31]. However, international environmental organizations in the Boom and Bust report [33,42] estimate that the number of new coal-fired power plants in 2017 decreased by 29% compared to 2016, and by as much as 73% compared to 2015.



The aim of this study was to identify the opinion of the inhabitants of southeastern Poland on changes in the energy sector and its impact on the quality of the natural environment. The answers to the following questions were sought: (i) What is the social attitude toward the planned changes? (ii) How do citizens treat greenhouse gases and climate change? (iii) Do they see the link between energy production and environmental quality? (iv) What are their expectations regarding the transformation of the energy sector?





2. The Scope and Methodology of Research


Youth education plays an important social role by shaping specific, desired attitudes [43]. Identification of the perception of the issue of the quality of natural environment may provide knowledge concerning the information gap in the topic studied. The study addressed to young people was based on the assumption that, first, since EU regulations focus on reducing CO2 emissions and stopping climate change [24], it is worth knowing the opinion of young people regarding the perception of these changes and the possibility of stopping them. Second, since the energy sector has an impact on the natural environment [44], how do young people perceive the state of this environment on a local, national and global scale. Third, an attempt was made to identify the expectations of young people regarding the directions of state activities that should be undertaken in the field of energy management.



Broadly understood society (demos) in a democratic system basically determines the shape of the law, and thus the economy [45]. Determining the views of adult energy consumers can be used to design changes in the energy sector or to plan social education [46]. Adults, as consumers of electricity in various forms, are an important element in shaping the relationship between the economy and the natural environment [47]. The survey was to answer the following questions: Do the respondents associate the functioning of the energy sector with the issues of caring for the natural environment? How do they perceive care for the environment and what solutions do they expect from the energy sector? Is their environmental attitude related to the perception of the energy sector?



The study was conducted from October 2020 to February 2021. In October 2020, adolescents under the age of 18 were tested. In February 2021, the survey was conducted among adults. A different tool was constructed to study school youth (n = 535) by adjusting the content of the questions to the intellectual level of adolescents, and a separate tool was created for adults (n = 1004). The survey was partial; it was carried out using the CAWI (Computer Assisted Web Interview) method; a total of 1539 reliably completed survey forms were collected. The research was not probabilistic; the selection of the sample was random. At the beginning, access to the questionnaire was given to several dozen people who met the condition of residence in the research area. These people represented various social groups: school youth, workers in the manufacturing sector, farmers, officials, students, etc. Then, these people invited others to take part in the study, meeting the criteria of age and place of residence in southeast Poland. The analysis and inference were carried out separately for both groups of respondents. The inference applied only to the studied group since the selection of the sample was random. In the analyzed sample, similar to the population inhabiting the research area, there was a certain numerical predominance of women. In terms of age, the respondents belonged to the largest age group in the surveyed voivodships [23]; however, the sample was not representative and the results refer to the surveyed group of people. The research area is characterized by high quality of the natural environment and significant forest cover (forest cover in % in 2018 in Poland was 29.6, while in Podkarpackie Voivodeship 38.3% and in Lubelskie Voivodeship 23.4%) [48], high tourist potential [49], and a significant number of farms.



During the identification of attitudes and perceptions of the issues discussed in this paper, questionnaires were created containing a number of thesis formulations assessed by the respondents in terms of compliance with their beliefs. A bipolar, five-point Likert scale was used for the assessment [50]. On the scale, the value of 1 meant definitely not; 2—probably not; 3—neither yes nor no; 4—rather yes; 5—definitely yes. Statistical analyses were performed in the Statistica program..



. In the research material collected, basic descriptive statistics were calculated and the structure of assessments of diagnostic theses was analyzed [51]. Due to the selection of the sample, the research is the basis for further research and should not be generalized to the entire population of southeastern Poland.




3. Research Results


In the part of the study addressed to adolescents, 60.9% were women and 39.1% were men. Most of the surveyed people in this group (59.6%) lived in cities, while 40.4% lived in the countryside.



In the part of the research diagnosing the perception of climate change and the quality of the natural environment by adolescents, the structure of assessments of formulated theses was calculated; the results are presented in Figure 1. Formulations 1 to 4 contained theses relating to the scale of the problem related to global warming. The vast majority (74.2%) of respondents perceived global warming as one of the greatest problems of mankind. The thesis downplaying this problem was contradicted by 90.7% of the respondents (Figure 1). Theses 5–8 contained references to climate change, its specificity, and the possibilities of stopping the changes. More than half of the respondents (57.2%) believed that climate change could be stopped. A similar percentage of respondents did not support the thesis that climate change is a tool of economic struggle. In contrast, 86.2% of respondents claimed that climate change is a consequence of human activity. The data presented show that young people were sensitive to the problem of global warming—they saw the role of humans in causing climate change and hoped that it could be stopped through human efforts.



In the part of the study relating to the perception of the natural environment, it is worth emphasizing that adolescents had the highest concerns about the state of the natural environment in a global perspective. In this case, 85.4% of the respondents were concerned about the condition of the Earth’s natural environment (Figure 1). In the national perspective, the concerns were lower by 60.0%, and in the perspective of the southeastern Poland region, the quality of the environment worried only 27.5% of the respondents. These results may indicate a high sensitivity to global problems, which are presented, inter alia, in the curricula.



Figure 2 presents the structure of assessments of theses diagnosing the perception of the directions of energy policy development by adolescents and the expected directions of state support. According to the vast majority of respondents, special attention should be focused on measures aimed at improving energy efficiency and reducing energy consumption (93.1%). Similar support (94.2%) was obtained by the thesis postulating the development of the energy sector using renewable energy sources. Young people did not support the development of energy based on gas and crude oil, especially the energy of hard coal and lignite. In contrast, 46.2% of the respondents supported nuclear energy.



Regarding the directions of state support in the area of energy management, the respondents primarily expected the development of energy using renewable energy sources (95.9%), energy-saving construction (83.4%), and high energy efficiency of manufactured devices (83.2%). The large support for the theses relating to the need to conserve energy and improve energy efficiency proves the high environmental awareness of the respondents (Table 6).



In order to learn about the perception of the benefits and disadvantages of energy production from renewable sources by respondents, a number of diagnostic theses were formulated, and the structure of their assessments is presented in Figure 3. Among the advantages of renewable energy, the improvement in air quality and the positive impact on health protection were generally most appreciated. Among the disadvantages of renewable energy, the respondents emphasized the high costs of renewable energy sources. Concerning other suggested drawbacks, the ratings were mixed. It should be emphasized, however, that there were the fewest assessments indicating a firm belief in a defect. This means that in the group studied, the general perception of renewable energy sources was positive.



In this research, an important issue was the perception of the quality of the natural environment by young people in the context of opinions on the benefits of producing energy from renewable sources. The calculated mean scores for theses relating to these issues are shown in Figure 4.



The differences between young people’s concerns about the state of the environment depending on the perspective of perception were significant. The respondents had the greatest concerns about the state of the environment in the global perspective and the lowest in the local perspective. It is worth emphasizing that the surveyed adolescents assessed the possibility of personal influence on the quality of the natural environment as low (thesis 12). It seems justified to include in the curricula the role of individuals in shaping the quality of the natural environment.



The opinion on the benefits of energy production from renewable sources was positive, as evidenced by the high average scores, from 24 to 28. The surveyed youth especially counted on the improvement of air quality and a positive impact on the quality of health.



In the part of the survey addressed to adults, the age of the respondents ranged from 18 to 77 years. Geometric mean was SG = 25.96, median age (middle value) Me = 23 years, lower quartile being the limit of 25% of observations, Q1 = 21 years, and the upper quartile, indicating the limit of 75% of observations, Q3 = 30 years, modal, i.e., the most common value was 22 years. Most of the respondents were women, they constituted 57.5% of the respondents, and men accounted for 42.5%. The place of residence of the respondents is shown in Figure 5. In the group studied, 52% of the respondents lived in the countryside, and 15.7% lived in a city with more than 100,000 residents.



Figure 6 presents the structure of theses assessments used to identify attitudes and perceptions of the studied phenomena. The theses relating to the need to limit consumption and reduce CO2 emissions were highly approved by the respondents. The former was supported by 68.6% of people, while the latter was supported by 82.7%. This means that the subjects were convinced of the decisive anthropogenic impact on global warming.



Concerning limiting the human population in order to protect the climate, 57.5% of respondents were against such actions. Thus, the respondents perceive contemporary problems, but do not see their solution in human depopulation. The assessment of the energy sector was dominated by responses clearly confirming its negative impact on the natural environment (42.0%), and 62.0% of the respondents confirmed this thesis in total. This is an interesting observation as part of this sector is renewable energy, with which the respondents hope to cover the growing energy demand (87.7%). This may mean that the respondents associate the energy sector primarily with high-emission energy sources.



Concerning the impact of nuclear power on the natural environment, there was a moderate acceptance; 37.7% of the respondents did not confirm the thesis about the negative impact of nuclear power plants on the environment. However, nearly half of the respondents (49.5%) were against the construction of a nuclear power plant in the vicinity of their place of residence (Figure 6).



The theses aimed at identifying the ecological attitude in practical terms, and relating to the purchasing attitude, i.e., conscious and moderate consumption, were highly rated. This means that most of the respondents do not buy in advance (74.2%), are convinced of the high quality of food produced using organic and traditional methods (84.7%), and are able to bear slightly higher costs of organic, safe, and wholesome food. (70.9%) (Figure 6). This means that the respondents had a formed ecological attitude.



Figure 7 shows the average ratings of theses relating to the energy sector. These data show that among the respondents there was a belief that it was possible to meet the growing energy needs with energy from renewable sources. Respondents also showed moderate concern about the negative environmental impact of the energy sector. As far as nuclear energy is concerned, the average scores were approximately 3, which meant that there was no unambiguous opinion. On the other hand, the average assessment of the thesis supporting the construction of a nuclear power plant close to the respondents’ place of residence indicated moderate skepticism.



Comparing the data from Figure 6 and Figure 7, it can be concluded that some of the respondents were afraid of nuclear power, were convinced about the negative impact of the energy sector on the environment, and had high hopes for the development of renewable energy sources. In the surveyed group, some respondents were open to nuclear energy, perceived it as emission-free, and had no concerns about the proximity of the nuclear power plant.



At the conceptualization stage, it was assumed, inter alia, that people belonging to social organizations, whose goals include care for the natural environment, have a higher level of ecological sensitivity. Therefore, it can be expected that their perception of the energy sector is different from that of other people not involved in social activities. In the studied group, 16.1% of people declared affiliation to social organizations that care about the quality of the natural environment.



Figure 8 shows a comparison of the average ratings of theses in groups of people belonging to pro-ecological social organizations, and those not belonging to such organizations, and by gender. It should be noted that the differences in the perception of the impact of the energy sector on the environment were smaller depending on the fact of social activity of people in pro-ecological organizations than the differences between people of different sexes. It can be concluded that in the studied group, the social activity of the respondents was not related to the perception of the impact of the energy sector on the natural environment. At the same time, the lack of such a relationship may be the result of the fact that the majority of respondents are ecologically sensitive, which is confirmed by the results presented in Figure 6.



The data presented in Figure 8 show that gender was important in the assessment of many issues. Differences can be seen regarding the need to reduce CO2 consumption and emissions. Women declared greater support for these theses than men. Women also saw more of the negative impact of the energy sector on the environment, including the negative impact of nuclear power plants. The assessment of consent to build a nuclear power plant near the respondents’ place of residence was different. In this case, men showed greater acceptance of this thesis.



One of the elements of the study was an attempt to learn about the expectations and preferences of the respondents in relation to the direction of development of the energy sector. The structure of expectations regarding the direction of development of the energy sector in Poland is presented in Figure 9.



These data show that photovoltaic is the main expected direction of development of the energy sector (52.4% of indications). The second largest group was nuclear power (16.2%). Noteworthy is the low support for the development of coal and gas energy.




4. Discussion


As stated in the International Energy Agency’s report from 2021 [15], the energy sector is responsible for about three-quarters of greenhouse gas emissions and is of key importance in limiting the effects of climate change. Reducing these emissions is to prevent further global temperature increases and halt climate change. As the report cited above shows, this will require enormous financial outlays. It is assumed that the total annual investments in the energy sector will increase to the level of 5 trillion USD (United States Dollar) by 2023, which is an additional 0.4 percentage points annually to global Gross Domestic Product (GDP). These high costs require social consensus, hence the social perception of the impact of the energy sector and social consent to undertake broad and profound changes in the current lifestyle [37].



The social perception of climate change is a fundamental issue: it can influence political decision-makers in shaping the legal order and in creating incentives and requirements for respecting the natural environment [52,53]. The surveyed youth expressed their concern about climate change and confirmed the necessity to undertake actions limiting its changes. Similar results were obtained in the first decade of the 21st century in the relatively wealthy US society. However, it was emphasized that the effect of reducing consumption and caring for the natural environment is greater when the public is well informed about the benefits of such activities [54].



The involvement of young people in activities aimed at respecting the environment and saving energy is known and largely depends on education [46,55]. Environmental education plays an important role in preventing climate change, caring for the natural environment, and transforming society towards sustainable development [56]. The surveyed youth saw the need to care for the natural environment. It showed great understanding for reducing consumption and emissions of greenhouse gases. At the same time, the quality of the local natural environment was perceived as satisfactory, and the condition of the environment was of concern, mainly at the global level. The sensitivity of young people to the problems of the quality of the natural environment is shaped by many factors. Parents [57] play an important role, but also the youth education system [58]. The results obtained show greater concern about the quality of the global environment and less concern for the local environment, and may prove that young people are highly sensitive to global problems presented in the curricula [58].



The expectations of the adolescents studied were consistent with the results obtained by other authors [43,54]. They mainly concerned the improvement of energy efficiency, the reduction of energy consumption, and especially the development of renewable energy.



In studies conducted in the USA, it was recommended to take into account the social perception of the costs of renewable energy in shaping the path of changes in the energy sector [59]. It is worth emphasizing that social conviction regarding specific actions, also in the area of climate protection, does not take into account all the variables. Often the economic costs are not widely realized, and social belief is the result of incomplete knowledge of the issue [60]. The respondents saw the economic aspect of the development of renewable energy. However, mainly the benefits of renewable energy sources were pointed out, above all, the improvement of air quality was emphasized. A similar, positive attitude towards renewable energy sources was identified by other authors [61,62,63].



The perception and acceptance of renewable energy sources is key to a successful transformation of the energy sector [61], hence the positive opinion of the respondents is a good predictor of this transformation. In the research conducted, pro-ecological attitudes and concern of adult respondents about the condition of the natural environment were associated with a positive attitude to renewable energy sources.



The belief of society about an anthropogenic impact on global warming is confirmed by numerous studies. The perception of environmental quality issues depends on many factors, both social and individual characteristics of people. The importance of ecological education and shaping pro-ecological attitudes are emphasized [54,64,65,66,67,68]. Similar relationships have been identified in studies conducted in southeastern Poland. However, the postulates of limiting the human population in order to stop climate change [69] were not confirmed in the conducted studies.



The respondents expressed different views on the impact of power plants on the quality of the natural environment. In the studied group, the functioning of the belief about the negative impact of nuclear power plants on the quality of the natural environment was identified. Such a stance is in contradiction with the studies of other authors who emphasize the high level of safety of nuclear power plants [70,71].



The literature emphasizes the relationship between the ecological attitude and the consumption of ecological products [72]. People with greater knowledge about the human–nature relationship, characterized by an ecological attitude, noticed the need to reduce consumption and emissions of pollutants. Therefore, shaping pro-ecological attitudes and the diffusion of knowledge about the real environmental effects of obtaining energy from various sources is crucial for reliable discourse and social participation in shaping the energy transformation [73].



The research shows that among the respondents, support for the development of photovoltaic energy dominates. It is an interesting result as it proves the high ecological awareness of the respondents. The positive effects of the development of photovoltaics relate to distributed generation, which does not require investment in grid infrastructure. It is worth emphasizing that in the research area, the government program for cofinancing photovoltaic installations “My Electricity” enjoyed great popularity (the largest in the Podkarpackie Province) [74]. This is a successful observation because photovoltaics have great development potential, especially in the context of new solar energy conversion technologies. It is worth mentioning that in Poland, the production of highly efficient new generation cells, perovskites, has started, which have a chance to dynamize the production of solar energy [75,76]. Therefore, it can be expected that the society in the area studied is ready to disseminate clean energy technologies. The second most important source of energy mentioned by the respondents was nuclear energy, and the third was wind energy. This means that in the group studied the support for nuclear energy is relatively high [77].



Place of residence influences the perception of the energy sector. Depending on the industrialization of the region and the type of dominant energy source, inhabitants perceive the energy sector differently [78]. Most of the people surveyed in this study 59.6% lived in cities; 40.4% lived in villages. There were no significant differences in the tendencies of perceiving the impact of the energy sector on the quality of the natural environment depending on the size of the place of residence.




5. Conclusions


The young respondents were sensitive to the problem of global warming, saw the role of man in the formation of climate change, and hoped that it could be stopped through human efforts. The vast majority of young people surveyed perceived global warming as one of the greatest problems of mankind, and the young people had the highest concerns about the condition of the natural environment from a global perspective. From the national perspective, these concerns were lower, and from the local perspective, young people were sure that their natural environment is in good condition.



In the opinion of the vast majority of the surveyed youth, the actions of the EU or the Polish state aimed at improving energy efficiency and reducing energy consumption deserve special attention. Young people did not support the development of energy based on gas and crude oil, especially the energy of hard coal and lignite. In contrast, almost half supported the development of nuclear energy and, above all, expected the development of renewable energy sources. Among young people, there was high support for theses relating to the need to conserve energy and improve energy efficiency, which may prove the high ecological awareness of the respondents.



Among the advantages of renewable energy, the young people surveyed most appreciated the improvement in air quality and the positive impact on the generally understood health protection. Among the disadvantages of renewable energy, the respondents emphasized the high costs of construction and operation of this type of energy source. There was also a strong conviction among young respondents that RES are a significant tool for reducing the negative human impact on the quality of the natural environment. It should be said that among young people, greater concern about global warming, climate change, and the quality of the environment was associated with more positive assessments of renewable energy.



The theses regarding the need to reduce consumption and reduce CO2 emissions met with great recognition among adult respondents, so respondents were convinced of the decisive, anthropogenic impact on global warming. However, regarding the claim to regulate the human population, most respondents were against it. The respondents see contemporary problems, but do not see their solution in human depopulation.



Regarding of the energy sector, responses strongly confirming its negative impact on the natural environment prevailed among the adult respondents. This is an interesting observation as part of this sector is renewable energy, with which the respondents hope to cover the growing energy demand. This may mean that the respondents associate the energy sector primarily with high-emission energy sources.



Concerning the environmental impact of nuclear power, there was moderate acceptance among the adult group of respondents. One-third of the respondents did not confirm the thesis about the negative environmental impact of nuclear power plants. However, nearly one-half of the respondents were against building a nuclear power plant in the vicinity of their place of residence.



The research confirms the diversity of the respondents in the perception of the impact of energy on the natural environment. Some of the respondents, with pro-ecological sensitivity, were afraid of nuclear power, were convinced about the negative impact of the energy sector on the environment, and had high hopes for the development of renewable energy sources. The second part of the respondents was open to nuclear energy, saw it as emission-free, and had no concerns about the proximity of the nuclear power plant.



The sex of the respondents was of importance in the assessment of many issues. Differences were calculated concerning the need to reduce consumption and CO2 emissions. Women declared greater support for these theses than men. Women were also more convinced of the negative impact of the energy sector on the natural environment, including the negative impact of nuclear power plants. Women showed less acceptance than men of the location of a nuclear power plant in the vicinity of their place of residence.



Among the respondents, support for the development of photovoltaic energy dominated. It is an interesting result as it proves the high ecological awareness of the respondents. The positive effects of the development of photovoltaics relate to distributed generation that does not require investment in grid infrastructure. Nuclear power was ranked second and wind power third. Therefore, the surveyed group accepts the direction of changes in the energy sector, expects the development of renewable energy and nuclear energy, and is aware of the threats related to climate change at the global level, however, especially the young group of respondents, do not identify this threat within southeastern Poland.




6. Recapitulation


Based on the research results presented in the article and their discussions with the literature, the following conclusions can be made:




	
The young people surveyed believe:




	
Climate change is currently one of the greatest threats to humanity (but not the only one), interpreting this phenomenon primarily as a threat to the world, and to a lesser extent to Poland and the region of origin.



	
Energy policy in Poland should be aimed at better use and reduction of energy consumption, and mainly towards greater use of energy based on renewable energy, limiting energy based on hard coal and lignite.



	
RES are associated primarily with the protection of public health, a clean environment, and the country’s energy security. Nuclear energy is considered the preferred direction of energy policy development in Poland—one-half of the respondents share this opinion, while the other half are against this energy.








	
The adults surveyed believe:




	
They blame the energy sector for the current negative condition of the natural environment, associating it with high-emission energy sources.



	
They are divided (as in the case of young people) into supporters of nuclear power, considering it to be low-emission and not harmful, and opponents of nuclear power, seeing in it a negative impact on the quality of the environment and humanity, which is largely associated with direct memory the accident of the nuclear power plant in Chernobyl in 1986.













The surveyed respondents see the impact of the energy sector on the quality of the natural environment and expect changes to reduce negative pressure. This issue requires further research, as the economic aspect in the form of electricity prices may be of significant importance for the perception of transformations in the energy sector.
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Figure 1. The structure of assessments of theses diagnosing the perception of global warming, climate change, and the quality of the natural environment by young adolescents. 
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Figure 2. The structure of assessments of theses diagnosing the perception by adolescents of the directions of energy policy development and directions of state support. 
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Figure 3. The structure of assessments of theses diagnosing the perception of advantages and disadvantages of energy production from renewable sources by adolescents. 
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Figure 4. Average ratings relating to the quality of the environment and the benefits of energy production from renewable sources. 
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Figure 5. The structure of adult respondents by place of residence. 
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Figure 6. The structure of assessments of theses diagnosing attitudes and perception of the studied phenomena by adult respondents. 
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Figure 7. Average ratings of theses relating to the energy sector. 
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Figure 8. Average ratings of theses diagnosing the ecological attitude and the perception of the energy sector categorized due to (a) membership in pro-ecological organizations; (b) sex of respondents. 
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Figure 9. Respondents’ expectations regarding the development of energy sources in Poland. 
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Table 1. Three pillars of the Polish energy transformation [14].
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	Pillar I

Fair Transformation
	Pillar II

Emission-Free Energy System
	Pillar III

Good Quality Air





	Transformation of coal mines
	Offshore wind
	Innovation of heat engineering



	Reducing energy shortages
	Nuclear energy
	Electrification in transport



	RES *-related jobs
	Energy from other sources
	Development of the “Dom z Klimatem” program







* RES—Renewable Energy Sources.
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Table 2. Key elements of PEP2040 [17,18].
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	Selected Elements from the PEP2040 Program





	Energy transformation



	The share of coal in electricity generation



	A fair transition



	Increase in the share of RES



	Offshore wind energy



	Photovoltaics



	Energy efficiency



	The investment programs of OSPe * and OSDe **, active consumers, and local balancing



	A nuclear power plant



	The heat needs of all households



	Natural gas



	Decarbonized gases



	Diversification of supply directions will be ensured



	Improving air quality, departure from coal combustion in households development of low-emission transport



	GHG *** emissions will be reduced



	Reduction of the phenomenon of energy shortages.



	Development of energy technologies







* OSPe—Transmission System Operator, an investment program focused on the development of renewable energy sources. ** OSDe—Distribution System Operators, an investment program focused on the development of renewable energy sources. *** GHG—greenhouse gases.
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Table 3. Impact on selected elements of the environment on some alternative branches of the energy sector [18].
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Elements of the Environment

	
Influence






	
Construction of nuclear power plants




	
Air

	
positive: reducing air pollutant emissions from other energy producing sources. negative: emissions of air pollutants during construction.




	
Water

	
negative: during construction, impacts on surface and groundwater may be associated with changes in water relations.

negative: during operation, due to the intake and discharge of large amounts of water for the cooling system.




	
People

	
positive: by partially replacing conventional energy, it indirectly reduces the emission of pollutants into the air, and therefore reduces the negative impact on human health. negative: an (insignificant) increase in the level of ionizing radiation in the vicinity of nuclear power plants, the risk of accidents, and the associated risk of releasing larger amounts of radioactive substances, generation of radioactive waste, emission of noise, and air pollution during construction work. Negative psychological impact.




	
Animals

	
negative: land taking, impacts during construction; indirectly positive impact by reducing the emission of atmospheric pollutants from the energy sector.




	
Plants

	
negative: land taking, impacts during construction; indirectly positive impact by reducing the emission of atmospheric pollutants from the energy sector.




	
Climate

	
positive: reduction of greenhouse gas emissions from conventional energy.




	
Landscape

	
negative: disturbing the landscape with “foreign” elements by building new cubature objects.




	
Natural resources

	
positive: reducing the use of nonrenewable resources (fossil fuels) for energy production.

negative: using uranium, thorium as fuel for a nuclear power plant, and rock raw materials at the construction stage of the investment.




	
RES—photovoltaics and solar collectors




	
Air

	
positive: indirect—the use of solar energy will reduce the consumption of fossil fuels and related air pollutant emissions; this will improve air quality, and in the case of solar panels also thermal comfort.

negative: emissions of air pollutants during the construction of photovoltaic farms and solar panels.




	
Water

	
no impact




	
People

	
positive: improved air quality will have positive health effects; moreover, when used for heating, it will improve the comfort of the residents; it can improve energy security.




	
Animals

	
possible negative consequences as a result of the occupation of land for solar farms and solar panels, along with electricity and heat output infrastructure; impacts will depend on the location.

slight negative during construction; positive due to impact on air quality.




	
Plants

	
negative: land taking and limitation of biologically active area; deforestation of forests and trees.

slight negative under construction; positive due to impact on air quality.




	
Climate

	
positive: reducing greenhouse gas emissions by replacing fossil energy with renewable energy sources.




	
Landscape

	
negative: disturbance of the landscape with “foreign” elements.




	
Natural resources

	
positive: reduced use of fossil energy resources.

negative: due to the consumption of raw materials for the production of devices.




	
RES—water and energy resources




	
Air

	
negative: emission of fumes and dust during construction works; the negative impact is short-term and related to the implementation of the investment, i.e., carrying out construction work.

positive: clean energy production.




	
Water

	
negative: during the implementation of water structures, including hydrotechnical devices, it may adversely affect the quality of water and ecosystem function below the project location; in contrast, during operation, various types of impacts on the aquatic ecosystem, both negative and in selected aspects, are possible.

positive: more serious threats and significant negative impacts are related to the construction and operation of large dam reservoirs, which are associated with significant hydrological changes, deterioration of water quality in reservoirs as a result of sedimentation of pollutants, and disturbances in ecosystem function.




	
People

	
positive: clean energy production, increasing retention, delaying water runoff, and creation of recreational areas.

negative: noise and exhaust emissions during work; changes in the organization of road traffic related to the implementation of the investment. The negative impact is short-term and is related to the implementation of the investment, i.e., carrying out construction works. Long-term, illusory sense of security, technical buildings in river valleys increase below the dams and flood losses accumulate.




	
Animals

	
negative: a change in water relations may result in an imbalance of ecosystems, causing animal migration and / or increasing fish mortality; in addition, ecological corridors may be interrupted—animals may be disturbed, frightened, and leave during the construction stage.




	
Plants

	
negative: interference with water conditions and taking the land for investment affect the destruction of natural habitats (in particular those dependent on water).




	
Climate

	
positive impact on reducing greenhouse gas emissions and adapting to climate change.

negative: possible methane emissions from dam reservoirs aggravate this global warming.




	
Landscape

	
negative: disturbance of the landscape with “foreign” elements in space.

positive: creating reservoirs.




	
Natural resources

	
negative: consumption of rock raw materials during the construction phase.

positive: reducing the consumption of energy resources.
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Table 4. Overview of emissions and removals of the EU’s main greenhouse gases 1990–2019 in million tons of CO2 [32].
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	Specification
	1990
	2000
	2010
	2015
	2016
	2017
	2018
	2019





	CO2 emissions (with LULUCF *)
	4494
	4185
	3956
	3530
	3513
	3526
	3446
	3296



	CH4
	729
	612
	496
	464
	458
	460
	451
	443



	N2O
	407
	325
	259
	257
	256
	261
	257
	255



	HFCs **
	29
	53
	99
	106
	106
	105
	99
	94



	Total

(with LULUCF *)
	5630
	5122
	4711
	4251
	4227
	4247
	4154
	3994







* LULUCF—(Land Use, Land Use Change, and Forestry). ** HFCs—(hydrofluorocarbons).
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Table 5. Overview of EU greenhouse gas emissions (million tons of CO2 equivalent) in terms of main sources and sinks in 1990–2019 [32].
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	Specification
	1990
	2000
	2010
	2015
	2016
	2017
	2018
	2019





	Energy
	4358
	4012
	3801
	3376
	3357
	3361
	3282
	3132



	Industrial Process
	530
	463
	397
	381
	381
	390
	380
	370



	Agriculture
	537
	459
	423
	433
	434
	437
	432
	429



	Waste
	240
	228
	167
	142
	139
	138
	136
	135



	Total (with LULUCF *)
	5669
	5166
	4790
	4335
	4312
	4327
	4233
	4067







* LULUCF—( Land Use, Land Use Change, and Forestry).
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Table 6. Energy industry: contribution of the largest and smallest emitters to CO2 and N2O emissions in EU countries [32].
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Member State

	
GHG * Emissions in 1990

(kt ** CO2 Equivalents)

	
GHG Emissions in 2019

(kt CO2 Equivalents)

	
CO2 Emissions in 1990

(kt)

	
CO2 Emissions in 2019

(kt)

	
N2O Emissions in 1990

(kt CO2 Equivalents)

	
N2O Emissions in 2019

(kt CO2 Equivalents)






	
Largest issuers




	
Germany

	
427,353

	
249,696

	
423,906

	
244,822

	
3167

	
2073




	
United Kingdom (UK)

	
236,325

	
86,521

	
234,721

	
85,404

	
1399

	
728




	
France

	
66,350

	
38,212

	
65,835

	
37,897

	
448

	
268




	
Italy

	
137,646

	
91,797

	
136,941

	
91,312

	
477

	
362




	
POLAND

	
235,395

	
150,707

	
234,294

	
149,912

	
1018

	
691




	
Smallest issuers




	
Malta

	
1766

	
740

	
1759

	
739

	
6

	
0




	
Cyprus

	
1767

	
3293

	
1761

	
3282

	
4

	
8




	
EU 27+UK

	
167,4802

	
986,865

	
1,665,064

	
975,763

	
8543

	
6780








* GHG—(greenhouse gases). ** kt—kilotons.
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W 15.5% W 22.2% W 26.2% W 21.5% W 14.6%

W 3.7% m 6.5% W 9.2% W 55.9% W 24.7%

W 9.2% W 23.6% m22.2% W 37.2% m 7.9%

W 9.9% m 21.9% m 32.0% m 28.6% m/.7%

W 21.1% m 25.6% m 25.4% W 20.2% W 7.7%

M Neither no, norso M Probably yes W Definitely yes
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