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Abstract

:

The development of green technology in the world is progressing extremely rapidly. New possibilities for obtaining energy from renewable sources are constantly being sought and existing solutions are being improved. The multifaceted potential of the seas and oceans is an important aspect being taken into account in the development of the energy systems of a number of economies. One dimension of action in this area is the orientation towards offshore wind energy and the construction of offshore wind farms for this purpose. The purpose of this article is to analyse the importance of offshore wind farms in Poland’s energy system and to assess public perception of the changes taking place in this dimension. The article is based on research and critical analysis of the available literature, legal regulations and industry reports, as well as on the results of our own surveys, the scientific findings of which were developed with the application of statistical instruments using PQstat software, ensuring the expected quality of results. The findings of the article indicate the significant importance of offshore wind farms in the creation of Poland’s energy mix, with differing public attitudes towards their construction. Furthermore, the results of the research indicate a differentiated attitude of society towards the construction of offshore wind farms. The main motivation for majority support of the measure in question are economic reasons, which are connected with the expectation of a real price reduction per 1 kW of energy, as well as increased attractiveness of the region due to investments in this area. The main concern with the measure relates to environmental aspects, with concerns about the functioning of ecosystems in light of the construction and subsequent operation of wind farms. Negative public opinion is also signalled in relation to the potential risk of landscape change in a direction that is undesirable for the studied developed coastal tourist region in Poland.
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1. Introduction


Energy demand in the world is increasing. The post-pandemic period, as well as the outbreak of war in Ukraine, has complicated the energy market situation. Economies are struggling with the availability of energy raw materials, which, in the case of natural energy-bearing raw materials, are an increasingly scarce commodity, contributing to an increase in their prices and, consequently, in the price of energy produced from such sources. This problem particularly affects countries whose energy system is based on conventional production, which is additionally burdened with charges for the emission of environmentally destructive compounds [1].



The increase in energy prices is an extremely debilitating factor for national economies that rely heavily on traditional energy production. Poland is an example of such an economy. Hence, the search for generation alternatives in this area is fully justified. This is motivated by formal and legal regulations forcing economies to take steps to transform outdated generation systems into environmentally safe ones based on renewable sources. There is also strong pressure on the need to model energy systems in line with environmental policy from growing public awareness of the changes required in this area.



The expectation of access to energy from green sources goes hand in hand with the expectation of a lower cost of energy, which further motivates the challenges in this sphere.



The green energy market is extremely broad. It draws on natural sources such as sun, wind, earth or biomass energy. An important aspect of this development is the orientation towards the energy potential of the seas and oceans, which includes wave energy, currents, tides, as well as wind in marine and ocean areas. This last strand inspires the deeper analysis, in the context of the prospects for strengthening Poland’s energy mix, which is the reference subject of this article.



The viability of building wind installations is determined by a number of factors. According to existing studies, a key determinant of the effectiveness of wind farms is their appropriate location [2]. This aspect is linked to the availability of adequate wind resources, which reach higher speeds in the open sea than onshore winds and are generally a better source of green energy [3,4]. The quality of the wind resource [5] is considered in terms of its strength, intensity and direction, which are to an important extent determined by the conditions of the sea [6]. Overall atmospheric stability is important [7]. Another important determinant is the appropriate structure of the seabed or the appropriately low depth of the seawater. In terms of the attractiveness of offshore reservoirs, the North Sea is in the lead, with 80% of Europe’s offshore installations located there. The Irish Sea and the Bay of Biscay are also important in this area, each with 10% of offshore wind farms installed in Europe. According to the researchers, the conditions of these reservoirs meet the conditions for the erection of efficient installations. The Baltic Sea appears to be particularly attractive in this respect, with a proper water surface at a distance of 26 km from land and an average installation depth of 42 m, with water depth determining the investment availability of the reservoir bottom [8]. An analysis of the wind potential of the Baltic Sea (level of approx. 8–10 m/s [8]) provides the basis for forecasts of reasonable development of this energy segment. A number of countries bordering this basin, including Poland, are interested in offshore energy from the Baltic Sea. The above justifies the interest of theoreticians and practitioners of economic life in exploring this issue, which justifies the choice of the research topic adopted in this article.



The need for research in this area stems from the insufficient number of available studies exploring the potential of offshore wind as a source of power for the Polish energy system. The research gap noted relates particularly to the aspect of analysing and assessing the public’s position on planned and ongoing changes in this area. Hence, an analysis of the importance of offshore wind farms in the creation of Poland’s energy system was considered as the main objective of this article. At a detailed level, this study refers to the thread of assessing social support for the implemented actions.



This study was prepared in order to strengthen knowledge in the field of offshore wind energy as well as to draw attention to the social position on the development of this dimension of energy supply in Poland, in response to the diagnosed gap. The results of the findings are to serve the development of the concept of offshore wind energy development in Poland and may serve as inspiration and basis for the definition of educational programmes and promotion of this dimension of activities among the Polish community, hence the topic was deemed important.



The layout of this article is intended to ensure the completeness of the findings in terms of the stated objective.



The structure of the article is built of the following:




	(a)

	
Introduction;




	(b)

	
Literature review related to renewable energy issues including offshore wind energy;




	(c)

	
Analysis of the RES market in Poland, with particular emphasis on the potential of offshore wind energy;




	(d)

	
Analysis and evaluation of social support for the ongoing offshore wind energy development in Poland;




	(e)

	
Discussion;




	(f)

	
Summary and conclusions.










2. The Market for Renewable Energy Sources Including Offshore Wind Energy as a Direction for the Transformation of the Energy Systems of the World’s Economies—Literature Review


The progressive development of economies entails an unabated demand for energy [9]. The increase in electricity consumption increases its market price, which is created by the expensive energy-bearing raw material—in the case of production based on classic generation formulas—and the associated system of emission production charges. The above motivates the search for solutions that will enable reliable production of green electricity, low-emission production (mainly the CO2 problem) or energy security. The orientation towards production stability through diversification of sources, as well as towards lowering the market price by drawing on renewable sources, is nowadays the main direction of the transformation of energy systems towards RES, realising sustainable development [10,11,12]. The justification for this is to respect is the increasing greening of life, stemming from increased public awareness, growing out of concern for the future of the planet and quality of life in the decades to come. Consumer preferences against this background are undergoing intense changes. Environmental pressures are increasing, creating a key condition for the development of the energy systems of the world’s economies. In line with the above, the demand for clean energy is on an upward trend, creating serious challenges for economies whose energy systems are based on traditional production formulas. Hence, the subject of interest in this article is directed towards exploring the issue of renewable energy in Poland [13], which is heavily dependent on coal. A special dimension of interest in this area is created by the potential of offshore wind and the role of offshore wind farms in the process of strengthening renewable energy sources in this country. Wind, like the sun, is a widely available source of renewable energy. Its particular potential is created by the area of seas and oceans [14,15]. Here, geographic location and economic considerations in relation to project implementation are the main constraints on tapping this source of renewable energy.



Offshore wind energy is recognised worldwide as an important source of energy supply [16], the availability of which is determined by natural conditions, including those related to wind power [17,18], as well as formal and legal challenges shaped by the impact of wind installations on the environment [15]. In this context, attention is drawn to the fact that wind power increases with increasing distance from the coastline into the seas and oceans [19], indicating that the wind potential in this area is unrivalled compared to conditions on land [20]. Thus, this draws attention to the aspect of lower turbulence, enabling relatively uniform energy generation over vast areas of sea and ocean, which are suitable for wind farm installations [21]. The wind potential of offshore ocean areas for wind farms is explored in numerous studies [22,23]. Drawing attention to the conditions indicated, it is highlighted as pointless to overlook existing energy resources, particularly in countries directly adjacent to offshore or ocean basins [24], promoting the natural need to develop offshore wind energy, and this development is noted worldwide. Offshore wind energy technologies are constantly being improved [3,25,26], increasing the investment justification in the direction in question. In 2021, 93 GW of wind energy was produced, where 21 GW was created by offshore wind [12], confirming the strong development of this dimension of the world’s energy transition.



For years, Europe has been recognised as a leader in offshore wind energy. Among existing offshore areas, a strong position is held by the Baltic Sea, whose wind is a significant carrier of clean energy as a result of the shape of this relatively small inland body of water. Due to its small size while being located in a fairly large area among the surrounding land, this sea is subject to a strong temperature gradient, triggering wind [27]. The conditioning of the Baltic Sea wind considered as an energy carrier has been subjected to a multifaceted analysis for years, using numerous techniques [28] (wind speed, wind resources). In the opinion of researchers, the energy potential of the Baltic Sea—like that of the Black Sea or the Caspian Sea—is of good quality and suitable for the application of wind technologies whose effectiveness in closed or semi-open sea basins is proven [29]. Importantly, the first successfully operating wind farm (‘Vindeby’, 400 MW) was installed in 1991, precisely in the Baltic Sea in Denmark. Subsequent installations have been successfully installed in succession. Along the coastline of this sea there are still a number of locations suitable for the installation of further offshore wind farms. Therefore, the discussion of the energy potential of the Baltic Sea in the perspective of the development of the RES dimension in Poland was taken as the main objective of this study. Furthermore, the existing studies do not sufficiently address the thread of public opinion research on the subject of planned and ongoing changes oriented towards the strengthening of RES sources in Poland towards wind energy. In response to the gap identified above, the research on the characteristics of the Baltic Sea potential was expanded to include a diagnostic survey, which provides a basis for determining the level of public awareness and public sentiment expressed by the level of acceptance or lack thereof of the changes taking place. The main aspect of this dimension of the diagnosis is the impact of offshore wind farms on the wider coastal environment, captured in the socio-economic dimension.




3. Materials and Methods


The stated purpose of this article influenced the layout of the study. Considerations of a conceptual nature were captured in the introduction. A literature review consolidated the background to the research, justifying the direction taken. The literature reference took into account the analysis of research studies, industry reports and statistical data and summaries.



The in-depth analysis (the empirical–analytical part) was conducted in the direction of diagnosing the state in terms of the explored themes, systematising the conditions shaping the studied area and the results obtained in its area. The process of decomposition and study of the phenomena and then synthesis of the findings was carried out taking into account the rules of economic analysis, which ensured the flow of substantive findings.



The research process was oriented towards the verification of the hypotheses stating the following:




	
Investments in offshore wind power constitute the right, socially supported direction of Poland’s energy system transformation (H1);



	
The socially supported development of offshore wind power plants will significantly strengthen the RES dimension in Poland’s energy mix (H2);



	
The development of offshore wind energy will significantly strengthen the socially expected progress of Poland’s energy system transformation (H3).








The link between public opinion and activities in the sphere of energy system transformation in Poland is obvious. Public consultations and agreements are part of the right of every citizen of a democratic state [30], in which the community defines its diverse needs, expresses opinions and makes suggestions or proposals for solutions on the topic being explored. In Poland, this dimension is regulated by the Act of 6 May 1987 on Public Consultation and Referendum, as amended [31], providing a tool for involving the Polish community in the decision-making process. The stance and involvement of citizens has a real impact on the shape of the established solutions. Investigating the public’s position on the issue of Poland’s energy system transformation, with a particular focus on offshore wind energy development, is therefore justified.



This article is based on a literature survey with reference to selected formal and legal regulations and industry reports, and on the results of our own questionnaire survey, carried out between 1 and 3 May 2023 in a coastal urban agglomeration in northern Poland (Ustka, Pomeranian Voivodeship), bordering the shore of a body of water into which offshore wind farms are planned in this location [32].



The design of the questionnaire was oriented towards a broad spectrum of research: the analysis and evaluation of tourism services, the analysis and evaluation of consumer preferences in the market for tourism services, as well as the evaluation of the directions of (tourism) development of the coastal region in Poland, including investments in offshore energy. Hence, the layout of the questionnaire dedicated to the issues explored in this article adopted a narrow layout—six questions, including four closed and two multiple-choice, open-ended questions, limiting the research spectrum to the key aspects of the study. The content of the survey questions is presented in detail in the research part, in the area of the analysis of the actual picture of the opinion of the surveyed community in the surveyed area. In order to ensure a proper survey of public opinion, a contrasting sample street survey technique was adopted, allowing a broad spectrum of opinions to be captured.



The sample of respondents was made up of Polish tourists who stayed in Ustka in the period 1-3.05.2023; therefore, the findings obtained in the research are only relevant for this sample and may not be transferable to the general population. The sample of respondents was formed by the following groups:




	-

	
Respondents aged up to 30 years (54.6%);




	-

	
Respondents aged 31–60 (37.3%);




	-

	
Respondents aged 61 and over (8.1%).









The Pomeranian Voivodeship was represented by 23.7% of the survey population, with the remaining 76.3% of respondents representing the other voivodeships of Poland. In this study, the characteristics of the population did not constitute differentiating variables.



The choice of instrumentation was determined by the characteristics of the data and the research assumptions made. Participation in the survey was open and anonymous. A total of 287 people took part in the survey, with 273 correctly completed questionnaires accepted for further processing.



Simple methods were used in the area of inference. The cause-and-effect dimension of the analysis of the research threads ensured the quality of the inference. In-depth research was carried out using statistical methods.




4. Results


4.1. Results from Literature Research and Industry Reports


4.1.1. Offshore Wind Energy in the Transformation of the Energy System of the World, Europe and Poland—Overview of Trends


The intensive growth of wind power globally, both onshore and offshore [33], is confirmed by an analysis of the growth of connected capacity over time. The results of the analysis show year-on-year increases in 2021 carved out a 12% increase in installed capacity (with an overall global result of 824.874 GW) [5], in 2022 this was +9% (906 GW) and 2023 is assumed to be +15% and to exceed the global level of 1000 GW [34].



Unchanged over the years, the main producers of wind energy are China (with the Gansu wind farm with a target capacity of 20 GW) with over 46.42% share of global wind energy production in 2021 and the United States of America (with the Alta Wind Energy Centre with a target capacity of 3 GW) with about 16% of world production [35]. The year 2022 also counted Brazil, Germany and Sweden among the largest markets for wind installations, which together with China and the USA generated 71% of new installations globally [34].



On the European continent, 2023 closed at 272 GW of wind power installed capacity, with onshore farms accounting for 87% of this result and offshore farms for 13%. The increase in installed capacity this year was for onshore +14.5 GW, while for offshore it was +3.8 GW [36], setting a historical record for capacity growth in this sphere [37]. The projections for further growth in this dimension of the power source should be highlighted, with an estimated increase in the offshore dimension to 21 GW in 2024 [36]. For years, Germany has been the leading European wind power producer with an installed capacity of 70 GW, followed by Spain (30.6 GW) and England (29.6 GW). A detailed breakdown of the leading wind power producers is presented in Figure 1.



In the offshore sphere, the leaders include England (15 GW) and Germany (9 GW). A detailed breakdown of the leading wind power producers is presented in Figure 2 [36].



Harvesting energy from offshore wind is an important pillar of wind energy. Poland’s participation in this field is expected in the near future [12]. Poland’s potential in this field is estimated at a level of 12 GW of connection capacity, which is expected to generate energy production of over 43.2 TWh net. In relation to the above, Poland’s offshore wind energy potential is ranked fourth in the countries interested in wind energy in the Baltic Sea, after Sweden, Denmark and Latvia [37,38].



The development of offshore wind power in Europe is making a strong showing. There is a significant increase in the commissioning of offshore wind installations, confirming an upward trend [39]. According to the Polish energy policy, offshore wind installations are to constitute 13% of Poland’s energy mix by 2030, and by 2040 this relation is to increase to 19% [32]. Numerous studies have been pointing to the legitimacy of such a development for years, anchoring the development of this dimension of energy on the European continent [40,41]. In terms of the geographical distribution of offshore wind power plants on the world map (257), 140 of them are located in Asia, there are 115 in Europe and 2 in the United States of America [42].



According to analysis by BloombergNEF in its Global Offshore Wind Report, a significant increase in connection capacity in the offshore wind field will be created by the 26 offshore wind installations under construction, with a capacity of 12.41 Mw. It is also assumed that the average capacity of future installations of this type will reach an average of 45.6 GW, with offshore energy growth expected to progressively reach four times the level recorded in 2022 in 2035 [42]. What is important here is the capacity and capability of the supply chain to respond effectively to the expectations of the environment, correlated with maximum low-cost levels. This is to ensure that the objectives of the transformation of the energy systems of the individual countries of the world are met in a manner that safeguards security (of energy, production processes or the environment), in correlation with an affordable (cost) dimension of its acquisition. Indeed, the financial side adopts a key criterion for offshore energy development, creating the basis for market price determinations that shape the demand side in this market segment.




4.1.2. Offshore Potential Versus Wind Power in Light of Energy Price Formation


The market price of energy is an extremely important aspect today. Due to the outbreak of war in Ukraine and the energy crisis caused by the disruption or breakage of energy commodity supply chains, electricity prices in Europe and worldwide have become volatile. In addition, this was compounded by unfavourable macroeconomic conditions, e.g., due to the increase in interest rates by the Central Bank, and consequently by financial institutions at the level of the economies, in order to combat inflation [43].



The very significant increase in electricity prices in Poland necessitated state intervention and the freezing of electricity prices. The above was regulated in Poland in the Act of 27 October 2022 on emergency measures to limit the level of electricity prices and support certain consumers in 2023 (the “Emergency Measures Act”). The intervention covered the following [44]:




	
Households, setting the maximum price for this group of consumers in 2023 at 154 EUR/MWh (693 PLN/MWh);



	
The micro-, small- and medium-sized enterprise sector, setting for this group of recipients in 2023 174 EUR/MWh or 785 PLN/MWh (excluding VAT or excise duty).








The risk of an increase in electricity prices in 2024 reinforces the public’s orientation towards RES sources and public support for undertaking and intensifying such activities. It is worth pointing out that the current price level for electricity in the European Union averages around 97 EUR/MWh, while in Poland it is 124 EUR/MWh (quoted in April 2023) [45].



The lack of stability in the energy market motivates the intensification of efforts to accelerate the energy transition. In Poland, a special role for power generation from RES sources is seen in wind power [15], which as the results of the analyses show, is the cheapest source of energy, whose increase in the country’s energy mix contributes to adjustments in electricity prices. It has been estimated that an increase of 1 GW of installed capacity contributes to a reduction in the cost of generating 1 MWh by approximately EUR 6 [46]. In addition, at the peak of wind generation (when the weather is windy), generation from wind farms provides up to 40% of the country’s electricity needs in the afternoons. This conditioning contributes to significant adjustments in market energy prices (even by several tens of percent) [47]. For example, in October 2022, average wholesale electricity prices were among the lowest in Europe, at just under 103 EUR/MWh [46]. Hence, the offshore dimension appears to be particularly attractive, with greater potential and relatively fewer restrictions in terms of available locations than onshore, the development of which is still restricted in Poland by the distance law, which was slightly liberalised in 2023. At the same time, it should be emphasised that the process of producing energy from offshore wind is more expensive than onshore production, hence the estimated annual percentage decrease in the cost of offshore wind energy production for Poland in the 2020–2021 period was at the level of −13% and was lower by 2% than the price change indicator for onshore production in the same period [46].



In general, the energy price formation process is also influenced by the reduction of environmental charges for emission reductions. In this regard, it is worth noting that the increase in global installed capacity due to wind power development reduces carbon dioxide emissions by approximately 1.1 billion tonnes globally [48]. This is another empowering argument for offshore reinforcement activities. It is an important aspect of stabilising energy systems oriented towards optimising energy prices and building a sustainable energy future [49], oriented towards the supply of safe and cheap green energy. The overriding value of this measure is the reduction of progressive climate change, directly affecting the environment.




4.1.3. Offshore Wind Energy in Light of the Transformation Needs of the Polish Energy Market


As already signalled, the Baltic Sea fulfils the conditions for the development of wind farms drawing on its wind resources. Poland’s geographical location therefore offers the possibility to take this energy supply potential into account when modelling changes to the existing energy system. Hence, in addition to the onshore dimension with a share of more than 10% of the power generation structure, Poland is orienting its activities towards obtaining energy from offshore sources [35]. The distribution of sources in the production of electricity in Poland in 2022 is presented in Figure 3.



Analysis of the structure of Poland’s power supply sources in the period January 2023–April 2023 indicates a strengthening of the wind power dimension to 15.1% (an increase of 39.81% compared to the annual average for 2022) [8]. According to estimates, the share of solar and wind energy in the country’s energy mix increased the most in 2023 compared to 2022. In the same period, there was a slight increase in the share of water as a source of energy supply for Poland, the share of biogas remained unchanged and the share of biomass was adjusted [50].



The development of wind energy in Poland is progressing. The regulations of the Act of 9 March 2023 amending the Act on investments in wind power plants and certain other Acts (the Wind Energy, Distance Act) have been revised. Moreover, the offshore dimension is being strongly promoted, which is expected to strengthen the result of the share of wind energy (in total) in the Polish energy system in the near future, making this source of renewable power unrivalled in Poland. It is worth noting that it is the offshore dimension that is seen as an opportunity to reduce the power deficit in the Polish power system [51]. It is estimated that offshore wind potential for Poland oscillates around 33 GW of energy [52]. According to the report ‘Offshore wind energy potential in Poland’, prepared by the Polish Wind Energy Association, full utilisation of offshore wind energy potential could meet up to 57% of the country’s electricity demand [53]. Efforts to maximise the potential of Baltic Sea wind energy integrate the interests of the countries concerned. In this regard, Poland, Germany, Denmark, Sweden, Finland, Estonia, Latvia, Lithuania and the EU signed the Baltic Sea Declaration on Offshore Wind Energy to accelerate and coordinate activity in this area [54,55]. This should be seen as an important step towards making the development of offshore sources in the region a reality.



In Poland, like, e.g., Lithuania, Spain and Ireland, formal and legal regulations providing a basis for offshore activities have been or are being established. Romania, Turkey and Greece are working on this dimension of challenges. The National Energy and Climate Plan/PEP 2040 is a key regulation indicating that Poland’s renewable energy sector is to reach 50 GW of installed capacity by 2030, and by 2040 it is to reach 88 GW. According to these assumptions, renewable energy sources will create energy at the level of 47% of energy demand by 2030 (approximately 93 TWh), and by 2040 this indicator is to increase to 51% (124 TWh) [49]. According to Poland’s Energy Policy, the installed capacity of offshore wind farms is expected to reach 5.9 GW by 2030 and then 11 GW by 2040, although other sources indicate an expected level of offshore capacity of 18 GW by 2040 [56]. Work in this area is ongoing. The location of further offshore wind farms is being decided, key purchase decisions are being made and construction permit processes are being prepared and launched. At the same time, there are indications of measures aimed at amending the law and improving the conditions in the sphere of investment in offshore wind installations (e.g., the Act of 15 December 2022 on special protection for certain consumers of gaseous fuels in 2023 valorising the level of financial support established), which will make the implementation plans in this area a reality [56]. It is assumed that the first plug-ins to the Polish power grid—as planned—will take place at the end of 2025. Offshore is an important step in the transformation of the energy system of Poland, Europe and the world.





4.2. Analysis and Assessment of Public Support for Offshore Wind Energy Development in Poland—Results of a Diagnostic Survey


The direction of Poland’s energy system transformation is subject to public consultation. Activities in this area involve soliciting opinions and assessments of the proposed solutions, as well as noting the proposals of actions enabling the creation of responses to diverse social needs.



The social stance determines the scope and pace of making arrangements, hence an analysis of the general approach in a given area allows one to estimate the level of complication of the arrangement’s procedure, determining, inter alia, its scope, duration and quality of final decisions. In the light of the pre-consultation on the concept of updating the national strategic assumptions in the field of energy, including the National Energy and Climate Plan for 2021–2030 (NERP) and the Energy Policy of Poland until 2040 (PEP2040), it was considered important to find out the public opinion on the changes taking place in the direction of offshore wind energy development in Poland. To this end, a survey was conducted in a coastal town in Poland (Ustka) between 1 and 3.05.2023 to investigate the general attitude of the public towards the ongoing offshore wind farm investment process in the immediate vicinity. The open and anonymous nature of the survey was intended to ensure the objectivity of the findings contained in the 273 correctly completed questionnaires, which in general revealed the following:




	1.

	
In response to the question about support for ongoing investment in offshore wind energy in Poland, 63% of the respondents answered positively, 32% stated that they did not have an opinion on the subject and 5% answered that they did not support such action (Figure 4);




	2.

	
In response to the question about support for further development of offshore wind energy in Poland, 61% of respondents answered positively, 34% said they had no opinion on the subject and 5% replied that they did not support such action (Figure 5);




	3.

	
In response to the survey question, “can the development of offshore wind power significantly affect the strengthening of the energy system in Poland”, 41% of respondents confirmed this direction, 36% did not take a position on the issue and as many as 23% gave a negative answer (Figure 6);




	4.

	
With regard to the research question, “will investments in offshore wind power plants strengthen the process of transformation of the Polish energy system in the direction socially expected”, 59% of respondents answered that they would, 34% stated that they did not have an opinion on the subject and 7% indicated that such a possibility of significance was not present (Figure 7);




	5.

	
From the findings related to the request to give (max. 3) positives of the construction of offshore wind farms in Poland, the respondents indicated:




	(a)

	
Potential for lowering electricity prices (61%);




	(b)

	
Green energy source (57%);




	(c)

	
Direction of modernisation of the Polish energy system (76%);




	(d)

	
Development of the Pomerania region-increase in investment potential (48%);




	(e)

	
Development of the labour market—new jobs (54%).










	6.

	
When asked to list (max. 3) negatives of the construction of offshore wind farms in Poland, respondents indicated:




	(a)

	
Risk of destruction of onshore and offshore ecosystems due to construction and operation of offshore wind farms (46%);




	(b)

	
Risk of landscape disturbance in connection with offshore wind installations (71%);




	(c)

	
Risk of disruption to the tourist character of coastal towns in connection with the construction and operation of offshore wind farms (65%);




	(d)

	
Risk of negative impact of offshore wind farms on human health (68%).















A qualitative analysis of the results reveals that young respondents—aged up to 30—are the most supportive of offshore wind energy development activities. This age group also sees offshore wind energy as a development and stabilisation opportunity for the country’s energy economy. The group of respondents aged over 61 is least supportive of the measures in question. Representation of this group was the smallest in the surveyed population (8.1%).



A detailed analysis of the findings in question creates grounds for searching for answers in relation to the established theses. The results of the findings developed in relation to the in-depth study of the indications of the diagnostic survey constitute the input data for statistical analysis using a logistic regression model, in order to verify the hypotheses established for this study. For the in-depth study, explanatory and explanatory variables were adopted.



The variables explained are the determinants of energy system transformation in Poland, in relation to the explored aspect of offshore wind farm development in Poland. They were determined strictly in relation to the results of the survey discussed above, which revealed that investments in offshore wind farms are driving the energy system transformation process in Poland, hence their importance in the Polish energy system is significant. Three main explanatory variables were identified in relation to the above:




	
The development of investments in offshore wind farms;



	
The increasing importance of offshore wind farms in the Polish energy system;



	
Progress of the energy system transformation process in Poland.








The explanatory variables were isolated from the area of public support on a 1–3 scale, where 1 means full support, 2 means no opinion on support and 3 means no support. A summary of variables with their characteristics is included in Table 1.



Noting as a result of the findings that support for offshore wind energy development in Poland assumes a significant character, the following part of the study will present results related to the explanatory variable Y1, denoting full support for the explored activities.



The results from the area of descriptive variable statistics are presented in Table 2.



The impact of the explanatory variables (X1—the development of offshore wind investment, X2—the increase in the importance of offshore wind farms in the Polish energy system, X3—the progress of the energy system transformation process in Poland) and the explanatory variable (Y1—full support) was determined using a logit regression model, according to the formula [57]:


  l n   p i   1 −  p i    =  Z i  =   x   J   β =  β 0  +   β   1   +   β   2       X   1     i   +   β   2       X   2     i   + ⋯ +  β k   X  k i    



(1)




where:


  l n   p i   1 −  p i    = l o g i t   (  p i  )  











The estimated parameters in this approach are β0…βk, being the components of the vector β. For the purpose of analysing the estimation findings, the odds ratio (OR) was used; to determine whether the odds ratio determined for a variable (Xmi) increased per unit (one unit) and the odds ratio excluding such an increase would be equal [57]:


  e x p     β   m     =   Ω     x i   m   ,   X   m i   + 1     Ω     x i   m   ,   X   m i        



(2)




where



    x i   m     is the vector of the variable xi variable is a vector without the     X   m i     variable,



whereby chance is expressed by the notation:


  l n   p i   1 −  p i    =   exp  ⁡       x i    J   β     =   exp  ⁡     β 0  +  β 1   X  1 i   +  β 2   X  2 i   + ⋯ +  β k   X  k i       = Ω (  x i  )  



(3)







With reference to the above, a unit increase in the value of the variable     X   m i     (with the other parameters held constant) is created by a change in the odds ratio of   e x p (  β m  )  -multiples. Consequently, if:




	
   e x p (  β m  )  > 0  , then the odds ratio increases;



	
   e x p (  β m  )  < 0  , then the odds ratio decreases.








That is, the OR change times for the binary variable     X   m    ,    e x p (  β m  )    at “Yi = 1” for category “1” and variable     x   m    , relative to the OR for category “0” and variable     x   m    . Importantly, the results for the logit model       β  ^    j     (in terms of the OR change room), express the odds ratio values exp(      β  ^    j    ), where the average change in the OR odds ratio is shaped by a unit increase in the variable [57].



Bearing the above in mind, the probability of the transformation of the energy system of Poland including offshore wind energy, with the participation of particular conditions, can be captured in the range <0.1>. Then, the probability at the level of ≤0.5 expresses the transformation of the Polish energy system including offshore wind energy as independent from indications of social opinion, while the results with prediction values > 0.5 represent the transformation of the Polish energy system dependent on social opinion. The classification of the results in juxtaposition with the indications in the area of the odds ratio >1 provides the basis for assessing the identification of random measures and enables the determination of the predicted values within the adopted model [57].



The findings for the logit regression models were developed using PQstat software version 1.8.4.164.



The first activity in the area of data analysis is the study of correlation in terms of the parameters adopted for the study—the components of the research model. The correlation matrix of these variables is included in Table 3.



The results in the area of interdependence of variables are homogeneous. The observed indications take on a positive character with regard to the strength of the linear relationship. The strongest result in the area of interdependence reached 2.438 (Y1–X2), representing a strength of correlation in which collinearity is not significant (indications < 0.5).



The results of the findings in the area of logistic regression for category Y1 are presented in Table 4. Included are the findings of vector β, error scale b, confidence interval CI, the results of the Wald statistic, and the odds ratio OR.



The unit distribution of the change in the odds ratio is included in Figure 8.



The findings of the research indicate that the increase in social support positively influences the growing importance of offshore wind farms in the Polish energy system. The above is determined by socially supported development of offshore wind farm investments, creating progress in the energy system transformation process in Poland. This means that the public perception of actions in the sphere of RES development with particular emphasis on offshore wind farms positively influences the pattern of actions taken in the explored research area.





5. Discussion


Public opinion takes on a critical role from the perspective of matters of key importance for the development of the economy, which determines the conditions of social existence [31]. Any available form of soliciting comments, remarks, proposals for solutions or analysis is considered valuable in this regard. The main forms include the written form (traditional paper form, or in a digital record using electronic communication means), as well as surveys, interviews, obtaining oral opinions or findings from meetings, thematic workshops or study visits [58]. All of them are to contribute to the substantive enrichment of the created solutions, in order to strengthen the scope, quality and degree of public alignment of the solutions, which is to benefit the economy and society. In the light of the currently ongoing public consultation process on the update of strategic documents, the National Energy and Climate Plan 2021–2030 and the Energy Policy of Poland until 2040, aiming to establish a vision for the development of Poland’s energy system towards increasing the capacity of the energy system and enhancing its security, as well as strengthening the dimension of low-carbon energy production and related arrangements concerning the EU climate and energy targets until 2030 [58], the survey of public opinion on the role and importance of offshore wind energy in the presented set of challenges seems to be fully justified. The identification of challenges or opportunities in the process of designing development scenarios—in accordance with the needs and public perception—is a leading determinant of the effectiveness of action [22], hence the conclusions developed in this study constitute their usefulness.



The findings of this study unequivocally indicate public support for the implemented challenges in the sphere of sustainable development of the Polish energy system in the studied area, with particular emphasis on investments in offshore wind farms. This support can be considered as a determinant of the transformation process of the Polish energy system, which is confirmed by research in the area of the adopted variables. The significant importance of the social stance in the implementation of actions is indicated by the legal regulations discussed above. This theme is furthermore strongly emphasised in the literature. Among others, M. Wójcik-Jurkiewicz and others reach similar conclusions in general terms, including social opinion among the elements determining the decarbonisation process in Poland, pointing to the risk of social acceptance for low-carbon solutions in a country whose energy system is strongly based on conventional energy production. These authors point to the necessity of taking action to implement a policy protecting the environment (low-carbon) and citizens (cost-effective) in a socially acceptable formula, which is to be ensured by education in this field [59]. Also, H. Lucas et al. strongly emphasise the importance of public opinion polling and educational challenges in the sphere of improving social convictions towards gaining acceptance for the changes taking place in the energy transition of economies. In this regard, attention is drawn to the need to select the most appropriate communication practices and actions oriented towards increasing public support for the development of renewable energy [60]. I. Čábelková et al. point to the importance of public uncertainty when it comes to assessing the desirability of implementing energy solutions. In this respect, these authors emphasise that opinions on renewable energy sources are formed in relation to individual concerns about the use of low-carbon sources, as well as environmental aspects [61]. P. Biniek draws attention to the risk of social conflicts against this background [62]. J. Kádár et al. complement the theme of social opinion on RES with the aspect of personal stance towards climate change, or limited trust of citizens in relation to decisions in the sphere of energy transition, which are direct reasons for limitations of public involvement in actions for RES-based energy development [63]. L. H. Broska et al. also draw attention to the role of a social approach to the energy transition process through the prism of citizen participation, through the creation of energy communities. These authors signal the fact that these solutions can play an important role in the state’s energy system in the future [64], which can be considered as a result of long-term public education. In this regard, H. Lucas et al. point to the need to empower consumers to actively participate in the creation and co-creation of the state’s energy system [60]. The outlined theme is elaborated by H. Friman et al. highlighting the problem of the need to communicate the different possibilities of energy generation in order to optimise the costs of its acquisition and consumption. In this regard, the role of a well-chosen public education programme is also accentuated in order to develop the right social attitude, open to a transformation towards distributed energy systems and renewable energy [65]. Not insignificant in this respect is the aspect of offshore wind energy, which has not been strongly emphasised in energy policy and, as a result, not developed at a sufficient level in the public debate [66]. This is a very important aspect of the direction of the transition, as offshore wind energy has for years been seen as having significant energy supply potential and continually improving in terms of technology and efficiency [67,68]. This is particularly important as this direction enjoys relatively high public support, although there are still a number of issues (e.g., environmental) that need to be explored and improved in this area.



The detailed dimensions of the research provided useful findings on the causal relationship between the age of the surveyed social units and the stance towards the changes taking place. The population of respondents strongly represented the territory of the Pomeranian Voivodeship. The results indicate significant support for measures to transform Poland’s energy system towards RES—with particular emphasis on offshore wind energy development. The impact of place of residence on the strength of support for offshore wind energy development is clear. Inhabitants of the Pomeranian oivodeship are the most interested in offshore wind energy development activities among the surveyed population (representation of different parts of the country in a tourist destination). The level of this support was at 63%. They see the main opportunities in the development of the region (57%), the strengthening of the attractiveness of the labour market (55%), as well as (above all) the potential for lowering the purchase price of electricity on a market strengthened by cheap, green electricity from offshore wind farms (84%). This group of respondents also indicated a set of concerns about the construction and development of offshore wind energy in the study region. Predominantly, respondents who were negatively in favour of offshore wind development (83%) or indicated that they had no opinion on the subject (36%), and to a generally lower extent those in favour of offshore wind development (14%), indicated concerns about the risks of the following:




	
Destruction or disturbance of marine and terrestrial ecosystems due to the construction and operation of offshore wind farms (58%);



	
Disturbance of the landscape in connection with offshore wind energy installations (41%);



	
Disturbance of the tourist character of coastal towns in connection with wind energy installations and energy business development (40%);



	
Negative impact of offshore wind farms on human health (22%).








The results of the survey indicate a set of chances, articulated by the respondents, for improvement of the functioning of the community (mainly coastal) in connection with investments in offshore wind farms, which should be read very positively. The arrangement of the articulated risks is due to incomplete knowledge about the investments in offshore wind farms, which indicates the need for more education in this regard. The lack of widespread knowledge about the location of wind farms at a minimum distance of 22 km from the coastline renders the concerns raised with regard to the disturbance of the landscape and the character of coastal towns, as well as the negative impact of offshore wind installations on human health, pointless [32]. The selection of locations for wind farm installations has furthermore taken into account the fishing areas at national level, to eliminate potential disturbance to marine life in their core areas due to the construction and operation of the farms. Moreover, the fact that efforts were focused on environmental, economic and energy issues creating conditions for the development of the energy system is additionally noteworthy. Other observations concern the issue of the region’s development, its industrialisation entailing an intensive development of the labour market, which is a consequence of investments in offshore wind farms (the investment phase is expected to create around 34,000 full-time jobs [32]. Promotion of this knowledge, supported by information on the environmental protection measures taken in relation to the construction and further operation of offshore wind farms, should gain momentum in order to eliminate misperceptions about the investment, reduce public fears and strengthen support for activities that are important for the sustainable development of the energy sector in Poland and the improvement of social well-being. The above should inspire decision-makers to take appropriate action in this regard. Similar conclusions have been reached in the field of alternative research, e.g., W. Drożdż et al. point to the need for education in the field of energy, emphasising that it is investments in offshore wind farms that have the potential of modelling social and economic benefits at the site of their construction [69], and public awareness and activity in co-creating solutions in the sphere of the development of the Polish energy system may bring a number of benefits [15] considered both from the perspective of the economy and the social unit—the individual energy consumer.




6. Conclusions


The results of the findings of this article create grounds for verification of the theses established for this study. The assumption within the H1 hypothesis that investments in offshore wind power plants constitute the right, socially supported direction of Poland’s energy system transformation has been confirmed. Public opinion in support of the undertaken direction of action, and the positive social stance positively influences the development of offshore wind power plants in Poland. The above provides a basis for the evaluation of the ongoing process of offshore wind farm investment in Poland, under the criterion of social acceptance for the adopted direction of action, in the sphere of Poland’s energy system transformation and determines positive verification of hypothesis H2 that socially supported development of offshore wind farms significantly influences the increase of RES share in Poland’s energy mix. Similarly, hypothesis H3, that the development of offshore wind power plants will significantly enhance the socially expected progress of the energy system transformation in Poland, was positively verified.



The process of findings revealed that the place of residence of a social unit positively influences the favourable evaluation of offshore wind investments in Poland. The above makes it possible to assess the perception of the system of opportunities and threats from the point of view of the social group living in the immediate vicinity of the offshore wind farm investment area. The above makes it possible to assess the background of the social approach to offshore wind farm development activities, which is particularly important in this region of Poland. The assessment of interest and social approach in the area of offshore wind energy also enables the assessment of the potential for fluidity of actions in the sphere of updating the formal and legal framework, determining the scope, pace and quality of future works in the area of strengthening the RES dimension in the energy mix of Poland, in connection with the construction of offshore wind farms.



The main focus of the presented research was to determine the importance of offshore wind energy in the transformation of the Polish energy system and to assess public support for the changes taking place. In relation to the above, an analysis and assessment of the current situation related to offshore wind energy in Poland was made.



The findings of the research lead to the conclusion that social support positively affects the increase in the importance of offshore wind farms in the Polish energy system. The results of the qualitative findings indicated that the strongest support for the implemented changes is expressed by young people (age category up to 30 years). The results of the odds ratio findings in terms of the increase of the significance of offshore wind farms in the Polish power system confirmed the above trend at the insignificant level (3.552), while the odds ratio result at the similar level was recorded in the area of progress in the transformation of the Polish power system (3.291). However, it is necessary to emphasise the research limitations created by the adopted sample, hence with certain reservations only generalisations can be made regarding the nationwide position in this respect.



Undoubtedly, socially supported development of investments in offshore wind power plants creates progress in the process of transformation of the energy system in Poland. Therefore, the development of offshore wind energy can be considered as the direction of development of the Polish energy system in line with the expectations of the citizens of this country, justifying the ongoing process of investing in wind installations. Social justification goes hand in hand with economic justification, which is supported by argumentation drawn from numerous studies cited in this study.



The findings from the considerations presented in this article also indicate the need to strengthen education in the field of sustainable energy development in Poland, with particular emphasis on offshore wind energy. Educational needs in this area are generally created by age groups aged 31 and over, indicating a strong trend of ‘no opinion’ or lack of support for urgently needed measures. In this regard, it would be justified to implement a social campaign on the subject of energy policy with an indication of the role of offshore wind farms in the Polish energy system, expanded with the potential of benefits expected in connection with the launch of wind farms, as well as the exposure of actions taken to reduce the risk in connection with their construction and operation. The above is necessary to strengthen social awareness shaping civic attitudes towards the implemented activities, which is the main recommendation of this study. In addition, the results of the findings of this report can be used in the process of implementing programs to promote the greening of life as the right direction of social development determining the common responsibility for the future of the planet, determining the practical usefulness of the findings.







Funding


This research received no external funding.




Data Availability Statement


Data is contained within the article.




Conflicts of Interest


The author declares no conflicts of interest.




References


	



Ochoa, G.V.; Alvarez, J.N. Acevedo, Research Evolution on Renewable Energies Resources from 2007 to 2017: A Comparative Study on Solar, Geothermal, Wind and Biomass Energy. Int. J. Energy Econ. Policy 2019, 9, 242–253. [Google Scholar] [CrossRef]

	



Hallgren, C.; Arnqvist, J.; Ivanell, S.; Körnich, H.; Vakkari, V.; Sahlée, E. Looking for an Offshore Low-Level Jet Champion among Recent Reanalyses: A Tight Race over the Baltic Sea. Energies 2020, 13, 3670. [Google Scholar] [CrossRef]

	



Bilgili, M.; Yasar, A.; Simsek, E. Offshore wind power development in Europe and its comparison with onshore counterpart. Renew. Sustain. Energy Rev. 2011, 15, 905–915. [Google Scholar] [CrossRef]

	



Rönkkö, J.; Khosravi, A.; Syri, S. Techno-Economic Assessment of a Hybrid Offshore Wind–Wave Farm: Case Study in Norway. Energies 2023, 16, 4316. [Google Scholar] [CrossRef]

	



Svensson, N.; Bergström, H.; Rutgersson, A.; Sahlee, E. Modification of the Baltic Sea wind field by land-sea interaction. Wind. Energy 2019, 22, 764–779. [Google Scholar] [CrossRef]

	



Mostafavi, M.; Ellmann, A.; Delpeche-Ellmann, N. Long-Term and Decadal Sea-Level Trends of the Baltic Sea Using Along-Track Satellite Altimetry. Remote Sens. 2024, 16, 760. [Google Scholar] [CrossRef]

	



Svensson, N.; Bergström, H.; Sahlée, E.; Rutgersson, A. Stable conditions over the Baltic sea: Model evaluation and climatology. Boreal Environ. Res. 2016, 21, 387–404. [Google Scholar]

	



Offshore Wind Energy. SHP in Europe and in the World in Numbers, Polish Service. Available online: https://www.gov.pl/web/morska-energetyka-wiatrowa/mew-w-europie-i-na-swiecie-w-liczbach (accessed on 14 May 2023).

	



Ganea, D.; Amortila, V.; Mereuta, E.; Rusu, E. A joint evaluation of the wind and wave energy resources close to the greek islands. Sustainability 2017, 9, 1025. [Google Scholar] [CrossRef]

	



Kaplan, Y.A. Overview of wind energy in the world and assessment of current wind energy policies in Turkey. Renew. Sustain. Energy Rev. 2015, 43, 562–568. [Google Scholar] [CrossRef]

	



European Commission. Energy Efficiency Directive. Available online: https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficiency-targets-directive-and-rules/energy-efficiency-directive_en (accessed on 15 May 2023).

	



Renewable Capacity Statistics 2022, IRENA. Available online: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Apr/IRENA_RE_Capacity_Statistics_2022.pdf?rev=460f190dea15442eba8373d9625 (accessed on 25 May 2023).

	



Salim, R.A.; Rafiq, S. Why Do Some Emerging Economies Proactively Accelerate the Adoption of Renewable Energy? Energy Econ. 2012, 34, 1051–1057. [Google Scholar] [CrossRef]

	



Chomać-Pierzecka, E.; Rogozińska-Mitrut, J.; Różycka, M.; Soboń, D.; Stasiak, J. Energy Innovation for Individual Consumers in Poland—Analysis of Potential and Evaluation of Practical Applications in Selected Areas. Energies 2023, 16, 5766. [Google Scholar] [CrossRef]

	



Chomać-Pierzecka, E.; Gąsiński, H.; Rogozińska-Mitrut, J.; Soboń, D.; Zupok, S. Review of Selected Aspects of Wind Energy Market Development in Poland and Lithuania in the Face of Current Challenges. Energies 2023, 16, 473. [Google Scholar] [CrossRef]

	



Onat, N.; Ersoz, S. Analysis of wind climate and wind energy potential of regions in Turkey. Energy 2011, 36, 148–156. [Google Scholar] [CrossRef]

	



Mostafaeipour, A.; Jadidi, M.; Mohammadi, K.; Sedaghat, A. An analysis of wind energy potential and economic evaluation in Zahedan, Iran. Renew. Sustain. Energy Rev. 2014, 30, 641–650. [Google Scholar] [CrossRef]

	



Hasager, C.B.; Badger, M.; Peña, A.; Larsén, X.G.; Bingöl, F. SAR-Based Wind Resource Statistics in the Baltic Sea. Remote Sens. 2011, 3, 117–144. [Google Scholar] [CrossRef]

	



Koletsis, I.; Kotroni, V.; Lagouvardos, K.; Soukissian, T. Assessment of offshore wind speed and power potential over the Mediterranean and the Black Seas under future climate changes. Renew. Sustain. Energy Rev. 2016, 60, 234–245. [Google Scholar] [CrossRef]

	



Rosa, A.V.D. Fundamentals of Renewable Energy Processes; Academic Press: Cambridge, MA, USA, 2012; ISBN 978-0-12-397219-4. [Google Scholar]

	



Onea, F.; Rusu, E. Wind energy assessments along the Black Sea basin. Meteorol. Appl. 2014, 21, 316–329. [Google Scholar] [CrossRef]

	



Rusu, L.; Bernardino, M.; Guedes Soares, C. Wind and wave modelling in the Black Sea. J. Oper. Oceanogr. 2014, 7, 5–20. [Google Scholar] [CrossRef]

	



Valchev, N.; Davidan, I.; Belberov, Z.; Palazov, A.; Valcheva, N. Hindcasting and assessment of the western Black Sea wind and wave climate. J. Environ. Prot. Ecol. 2010, 11, 1001–1012. [Google Scholar]

	



Rusu, L. Assessment of the wave energy in the Black Sea based on a 15-year hindcast with data assimilation. Energies 2015, 8, 10370–10388. [Google Scholar] [CrossRef]

	



Kaldellis, J.K.; Kapsali, M. Shifting towards Offshore Wind Energy—Recent Activity and Future Development. Energy Policy 2013, 53, 136–148. [Google Scholar] [CrossRef]

	



Farkas, A.; Degiuli, N.; Martić, I. Assessment of Offshore Wave Energy Potential in the Croatian Part of the Adriatic Sea and Comparison with Wind Energy Potential. Energies 2019, 12, 2357. [Google Scholar] [CrossRef]

	



Nilsson, E.; Rutgersson, A.; Dingwell, A.; Björkqvist, J.-V.; Pettersson, H.; Axell, L.; Nyberg, J.; Strömstedt, E. Characterization of Wave Energy Potential for the Baltic Sea with Focus on the Swedish Exclusive Economic Zone. Energies 2019, 12, 793. [Google Scholar] [CrossRef]

	



Svensson, N.; Arnqvist, J.; Bergström, H.; Rutgersson, A.; Sahlée, E. Measurement and modelling of offshore wind profiles in a semi-enclosed sea. Atmosphere 2019, 10, 194. [Google Scholar] [CrossRef]

	



Rusu, E. An evaluation of the wind energy dynamics in the Baltic Sea, past and future projections. Renew. Energy 2020, 160, 350–362. [Google Scholar] [CrossRef]

	



Consultation Code. Seven Principles of Social Consultations, Ministry of Administration and Digitization. Available online: http://archiwum.mc.gov.pl/files/7_zasad_30-04.pdf (accessed on 3 May 2023).

	



Act of 6 May 1987 on Social Consultations and Referendum. Available online: https://sip.lex.pl/akty-prawne/dzu-dziennik-ustaw/konsultacje-spoleczne-i-referendum-16792441 (accessed on 27 May 2023).

	



Offshore Wind Farm Development Program, Polish Service. Available online: https://www.gov.pl/web/morska-energetyka-wiatrowa/program-rozwoju-morskich-farm-wiatrowych (accessed on 1 May 2023).

	



Hevia-Koch, P.; Klinge Jacobsen, H. Comparison of the development of offshore and onshore wind energy, taking into account the costs of acceptance. Energy Policy 2019, 125, 9–19. [Google Scholar] [CrossRef]

	



Global Wind Report 2023, Global Wind Energy Council. Available online: https://gwec.net/globalwindreport2023/ (accessed on 5 April 2024).

	



The Largest Wind Farms in the World. Available online: https://zielona.interia.pl/eko-technologie/energetyka/news-najwieksze-farmy-wiatrowe-na-swiecie-daja-tyle-pradu-co-elek,nId,5987752#utm_source=paste&utm_medium=paste&utm_campaign=chrome (accessed on 18 June 2023).

	



Wind Energy in Europe 2022 Statistics and the Outlook for 2023–2027. Available online: https://www.teraz-srodowisko.pl/media/pdf/aktualnosci/14711-wind-energy-in-europe.pdf (accessed on 5 April 2024).

	



WindEurope, Portal Morski.pl. Available online: https://www.portalmorski.pl/offshore/54822-windeurope-w-2023-r-w-ue-przybylo-rekordowe-17-gw-mocy-w-energetyce-wiatrowej (accessed on 5 April 2024).

	



COWI; Directorate-General for Energy (European Commission); Ea energy analyses; THEMA consulting group. Study on Baltic Offshore Wind Energy Cooperation within BEMIP: Final Report; Publications Office of the European Union: Luxembourg, 2019; ISBN 978-92-76-09690-0. [Google Scholar]

	



Wind Europe. Offshore Wind in Europe Key Trends and Statistics 2020, 2021 Issue; Wind Europe: Brussels, Belgium, 2021. [Google Scholar]

	



Rodrigues, S.; Restrepo, C.; Kontos, E.; Teixeira Pinto, R.; Bauer, P. Trends of Offshore Wind Projects. Renew. Sustain. Energy Rev. 2015, 49, 1114–1135. [Google Scholar] [CrossRef]

	



Soares-Ramos, E.P.P.; de Oliveira-Assis, L.; Sarrias-Mena, R.; Fernández-Ramírez, L.M. Current Status and Future Trends of Offshore Wind Power in Europe. Energy 2020, 202, 117787. [Google Scholar] [CrossRef]

	



WFO. Global Offshore Wind Report. 2022. Available online: https://wfo-global.org/wp-content/uploads/2023/03/WFO_Global-Offshore-Wind-Report-2022.pdf (accessed on 23 May 2023).

	



International Energy Agency. Electricity Market Report 2023. Available online: https://iea.blob.core.windows.net/assets/255e9cba-da84-4681-8c1f-458ca1a3d9ca/ElectricityMarketReport2023.pdf (accessed on 23 May 2023).

	



Law of 27 October 2022 on Emergency Measures to Reduce Electricity Prices and Support Certain Consumers in 2023 and 2024. Available online: https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20220002243 (accessed on 5 April 2024).

	



Information Center on the Energy Market. Map of Average Energy Prices in April 2023. Available online: https://www.cire.pl/artykuly/serwis-informacyjny-cire-24/mapa-srednich-cen-energii-w-kwietniu-2023-r (accessed on 23 May 2023).

	



Wind Energy in Poland, Report 2023, TPA Poland/Baker Tilly TPA. Available online: https://publikacje-tpa.pl/wp-content/uploads/sites/12/2023/06/TPA-Poland_Baker-Tilly-TPA_Energetyka-wiatrowa-w-Polsce_2023.pdf (accessed on 5 April 2024).

	



Globenergia. What Lowers Electricity Prices? The Impact of Renewable Energy in Early 2023. Available online: https://globenergia.pl/co-obniza-ceny-energii-elektrycznej-wplyw-energetyki-odnawialnej-na-poczatku-2023-r/ (accessed on 15 May 2023).

	



Onshore Wind Energy in Poland, Report 2021. Available online: http://psew.pl/wp-content/uploads/2021/05/Raport_Ladowa-energetyka-wiatrowa-w-Polsce_2021-05-11.pdf (accessed on 7 February 2022).

	



Globenergia. Wind—What Role Does It Play in the Polish Energy Sector? Available online: https://globenergia.pl/wiatr-jaka-role-odgrywa-w-polskiej-energetyce-obchodzimy-dzien-wiatru/-dzien-wiatru/ (accessed on 10 May 2023).

	



Share of Coal and RES in Poland. Available online: https://wysokienapiecie.pl/96011-udzial-wegla-i-oze-w-polsce-2023/ (accessed on 5 April 2024).

	



The Importance of Offshore Wind Energy in the Process of Modernization of the Polish Energy System, Portal for Clean Energy and Climate. Available online: https://leonardo-energy.pl/artykuly/znaczenie-morskiej-energetyki-wiatrowej-w-procesie-modernizacji-polskiego-systemu-energetycznego-czesc-i/ (accessed on 13 May 2023).

	



BaltikWind.EU. Available online: https://balticwind.eu/pwea-offshore-wind-power-could-meet-as-much-as-57-of-polands-total-electricity-demand-and-local-content-could-reach-65/ (accessed on 5 April 2024).

	



The New Potential of the Baltic, Polish Wind Energy Association. Available online: https://psew.pl/nowy-potencjal-baltyku-33-gw-mocy-i-20-nowych-obszarow-pod-mfw-raport/ (accessed on 5 April 2024).

	



Baltic Declaration for Offshore Wind Energy. Available online: https://www.iea.org/policies/12652-baltic-declaration-for-offshore-wind-energy (accessed on 21 March 2024).

	



Energy. Latest News. CIS Economic Portal. Available online: https://www.wnp.pl/energetyka/zla-prognoza-dla-energetyki-wiatrowej-w-2023-r-pomyslnych-wiatrow-nie-bedzie,660774.html (accessed on 23 May 2023).

	



Chomać-Pierzecka, E. Pharmaceutical Companies in the Light of the Idea of Sustainable Development—An Analysis of Selected Aspects of Sustainable Management. Sustainability 2023, 15, 8889. [Google Scholar] [CrossRef]

	



Act of 9 October 2015 on Revitalization, Art. 6. Public Consultations, Journal of Laws 2021.485. Available online: https://sip.lex.pl/akty-prawne/dzu-dziennik-ustaw/rewitalizacja-18235253 (accessed on 3 May 2023).

	



Pre-Consultations on Updating Strategic Documents KPEiK/PEP2040, Polish State Service. Available online: https://www.gov.pl/web/klimat/prekonsultacje-w-zkresie-aktualizacji-dokumentow-strategicznych-kpeikpep2040 (accessed on 3 May 2023).

	



Wójcik-Jurkiewicz, M.; Czarnecka, M.; Kinelski, G.; Sadowska, B.; Bilińska-Reformat, K. Determinants of Decarbonisation in the Transformation of the Energy Sector: The Case of Poland. Energies 2021, 14, 1217. [Google Scholar] [CrossRef]

	



Lucas, H.; Carbajo, R.; Machiba, T.; Zhukov, E.; Cabeza, L.F. Improving Public Attitude towards Renewable Energy. Energies 2021, 14, 4521. [Google Scholar] [CrossRef]

	



Čábelková, I.; Strielkowski, W.; Firsova, I.; Korovushkina, M. Public Acceptance of Renewable Energy Sources: A Case Study from the Czech Republic. Energies 2020, 13, 1742. [Google Scholar] [CrossRef]

	



Biniek, P. The risk of social conflicts in the South Baltic area in the light of the location of offshore wind farm location factors. J. Gegr. Polityka Soc. 2021, 11, 6–15. [Google Scholar] [CrossRef]

	



Kádár, J.; Pilloni, M.; Hamed, T.A. A Survey of Renewable Energy, Climate Change, and Policy Awareness in Israel: The Long Path for Citizen Participation in the National Renewable Energy Transition. Energies 2023, 16, 2176. [Google Scholar] [CrossRef]

	



Broska, L.H.; Vögele, S.; Shamon, H.; Wittenberg, I. On the Future(s) of Energy Communities in the German Energy Transition: A Derivation of Transformation Pathways. Sustainability 2022, 14, 3169. [Google Scholar] [CrossRef]

	



Friman, H.; Banner, I.; Sitbon, Y.; Einav, Y.; Shaked, N. Preparing the Public Opinion in the Community to Accept Distributed Energy Systems and Renewable Energy. Energies 2022, 15, 4226. [Google Scholar] [CrossRef]

	



Pronińska, K.; Księżopolski, K. Baltic Offshore Wind Energy Development—Poland’s Public Policy Tools Analysis and the Geostrategic Implications. Energies 2021, 14, 4883. [Google Scholar] [CrossRef]

	



Esteban, M.D.; Diez, J.J.; López, J.S.; Negro, V. Why Offshore Wind Energy? Renew. Energy 2011, 36, 444–450. [Google Scholar] [CrossRef]

	



Kumar, Y.; Ringenberg, J.; Depuru, S.S.; Devabhaktuni, V.K.; Lee, J.W.; Nikolaidis, E.; Andersen, B.; Afjeh, A. Wind Energy: Trends and Enabling Technologies. Renew. Sustain. Energy Rev. 2016, 53, 209–224. [Google Scholar] [CrossRef]

	



Drożdż, W.; Mróz-Malik, O.; Kopiczko, M. The Future of the Polish Energy Mix in the Context of Social Expectations. Energies 2021, 14, 5341. [Google Scholar] [CrossRef]








[image: Energies 17 02068 g001] 





Figure 1. Wind energy—European production in 2023 [36]. 
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Figure 2. Offshore wind energy—European production [36]. 
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Figure 3. Sources of powering the Polish energy system in 2022 [37]. 
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Figure 4. Support for on-going investment in offshore wind farms in Poland—results of a study. 
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Figure 5. Support for future investment in offshore wind farms in Poland—survey results. 
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Figure 6. Assessment of the impact of the development of offshore power plants on the strengthening of the energy system in Poland—results of studies. 
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Figure 7. Assessment of the impact of offshore wind farms on the transformation of the energy system towards the socially desirable—results of studies. 
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Figure 8. Unit distribution of change in odds ratio. 
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Table 1. Summary of variables with their characteristics.
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	Variable Number
	Description Variable
	Variable Designation
	Type of Attribution





	1
	development of investment in offshore wind power plants
	X1
	Dichotomic



	2
	increasing importance of offshore wind farms in the Polish energy system
	X2
	Dichotomic



	3
	progress in the transformation of the energy system in Poland
	X3
	Dichotomic



	4
	full support
	Y1
	Numerical (scale 1–3)



	5
	no opinion in favour
	Y2
	Numerical (scale 1–3)



	6
	no support
	Y3
	Numerical (scale 1–3)










 





Table 2. Results from the area of descriptive statistics.
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	śr.
	SE
	SD
	SD2
	Min.
	Max.





	Y1
	0.5494
	0.030
	0.498
	0.248
	0
	1



	X1
	0.6117
	0.060
	0.488
	0.238
	0
	1



	X2
	0.4102
	0.059
	0.492
	0.242
	0
	1



	X3
	0.5897
	0.058
	0.492
	0.242
	0
	1










 





Table 3. Correlation matrix of the variables.
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	Variable
	Y1
	X1
	X2
	X3





	Y1
	1.000
	
	
	



	X1
	1.635
	1.000
	
	



	X2
	2.438
	1.491
	1.000
	



	X3
	1.696
	1.037
	0.696
	1.000










 





Table 4. Logistic regression model for category Y1 (full public support).
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	β
	Error b
	−95% CI
	+95% CI
	Wald Stat.
	OR Odds Ratio





	X1
	0.585
	0.289
	0.018
	1.152
	4.098
	1.796



	X2
	1.191
	0.298
	0.606
	1.776
	15.953
	3.291



	X3
	1.267
	0.268
	0.741
	1.794
	22.281
	3.552



	Pseudo R2
	0.103
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