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Abstract

:

The article presents an analysis of the statistical relationship between the determinants of and barriers to the development of renewable energy sources (RESs) in the macroeconomic system and the development of renewable energy source consumption in individual European Union countries. The article considers four key categories of RES development barriers in the European Union: political, administrative, grid infrastructural, and socioeconomic. The work is based on publicly available historical data from European Union reports, Eurostat, and the Eclareon RES Policy Monitoring Database. The empirical analysis includes all 27 countries belonging to the European Union. The research aimed to determine the impact of all four types of factors, including socioeconomic, on the development of RESs in European Union countries. The analysis uncovered that describing the European Union as a consistent region regarding the speed of renewable energy advancement and the obstacles to such progress is not accurate. Notably, a significant link exists between a strong degree of societal development and the integration of renewable energy sources. In less prosperous EU nations, economic growth plays a pivotal role in renewable energy development. Barriers of an administrative nature exert a notable influence on renewable energy development, especially in less affluent EU countries, while grid-related obstacles are prevalent in Southern–Central Europe. In nations where the proportion of renewable energy sources in electricity consumption is substantial, an excess of capacity in the renewable energy market significantly affects its growth.
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1. Introduction


The goals of the energy policies of many countries around the world (highly developed countries) are to guarantee the reliability of fuel and energy supply, increase the competitiveness of the economy, increase energy efficiency, and minimize the negative environmental impact of the energy sector. One way to achieve these goals is to increase the exploitation of renewable energy sources (RESs). The consideration of energy and intensity consumption is pivotal in the journey toward decarbonization, as these factors directly influence the volume of greenhouse gas emissions discharged into the atmosphere [1]. In a modern world focused on environmental protection, renewable energy sources (RESs) are an alternative to the traditional energy carriers—fossil fuels [2]. Renewable energy is derived from natural processes in nature, which allows its resources to be replenished in repeated cycles, taking into account resource conditions. The strategic goal of global and European energy policy is to increase the use of RE (renewable energy) resources. Renewable energy includes energy from the direct use of solar radiation, wind, geothermal resources, water resources, solid biomass, biogas, and liquid biofuels. Faster deployment of renewable energy is one of the key solutions needed for decarbonization and climate change mitigation [3].



If Europe is to be climate neutral, electricity generation should be fully decarbonized by 2050, and more than 80% of the EU’s electricity must come from renewable sources (these are the plans) [4,5]. In December 2018, the revised Renewable Energy Directive 2018/2001/EU came into force [6]. The ambitious targets set for 2030 (a binding renewable energy target of at least 32% at the EU level) require the spread of renewable energy technologies and faster market penetration. To effectively manage the sporadic characteristics of renewable energy sources, industries must innovate by creating new technologies, constructing new transmission infrastructure, and allocating resources to storage solutions [7,8,9,10]. In addition to further technological development, which is made possible by, among other things, reducing costs and improving performance targets in line with the European Strategic Energy Technology Plan (SET Plan) [11], it is necessary to address a number of non-technological issues (behavior and awareness) that continue to stand in the way of the large-scale dissemination of RES technology [12,13].



The development of the RES sector is being pursued with the support of governments, with not only financial incentives but also the creation of an appropriate legal framework to encourage the development of the sector in EU countries. Each EU country has set its own targets for the share of RESs in total energy production, ranging from 10% in the case of Malta to 49% in Sweden. The share of renewable energy in the gross final energy consumption in the EU settled at a level of 21.8% in 2021 compared with 9.6% in 2004, and the share of renewable energy in electricity consumption was 37.5% in 2021 compared with 15.9% in 2004 [14]. The path of EU countries to RES growth in total energy sources is not easy. European countries are overcoming many barriers to achieve their RES growth targets [11]. The process of transitioning from fossil fuels to RES—which necessarily includes phases of technical-scale deployment of the new technology, such as research, prototyping, demonstration facilities, and commercialization—requires a significant lead time and is a difficult process [12]. A detailed analysis of the costs of planned investments is needed, and there are situations in which the lack of reflection of the costs of production, transmission, and use of energy is compounded by subsidies for the extraction and consumption of fossil fuels, which are applied in various forms (albeit reduced).



In doing so, it is necessary to adequately prepare the public for the adoption of new solutions through extensive education. In the EU, there are countries that are doing a great job of building infrastructure for RES, such as Sweden, as well as countries where RES investments are still insufficient, such as Poland (the country has been oriented toward centralized, large, and expensive fossil fuel-use projects) [14].



The long-standing tradition of using coal as the main energy fuel, the energy subsidies used in the past, and the low prices of traditional energy carriers have made the introduction of renewable energy much more difficult [15]. A barrier that is difficult to overcome is the high capital expenditure [16]. Taking into account the economic aspect (a prerequisite for achieving a significant share of renewables in the energy balance and in electricity), it must be taken into account that the higher price of energy produced from renewable sources (compared with classical sources), when used locally, can be at least partially reduced by the cost of unnecessary transmission (transfer) [17]. Nevertheless, in a number of cases, the cost of reserving energy supplies from the electricity and/or gas system must be taken into account [18]. There are a number of barriers limiting the development of power generation using renewable energy sources. They are a set of factors of psychological, social, institutional, legal, and economic nature [19,20].



In this paper, the authors analyze the main factors, i.e., determinants and barriers, of RES development in the European Union. The factors that may be barriers to the development of renewable energy are analyzed. The paper analyzes four key categories of RES development barriers in the European Union: political, administrative, network infrastructural, and socioeconomic. The relationship between them and the development of RES consumption in the European Union member states is examined.



The purpose of this paper was to analyze the barriers to the development of basic renewable energy sources (RESs) in countries of the EU and determine the strength of the impact of these factors/barriers on the share of RESs in energy consumption in the European Union. The empirical analysis covered all countries of the European Union. Within the framework of the goal and research problem thus set, the paper adopted the following research questions.



RQ1. How do political, administrative, grid, and socioeconomic barriers to renewable energy sources implementation affect the development of renewable energy in the economy?



RQ2. Are market economic factors a barrier or a driver of RES growth in energy consumption?



RQ3. Do the member countries of the European Union respond equally to the analyzed factors of and barriers to RES development?



The purpose of the work and the research questions posed in this way determined the structure of this work. The paper consists of theoretical background, the presentation of the data analysis and methods used, results, discussion, and conclusions.




2. Background to Analysis


2.1. The Current Trends in Green Energy Concepts


The prevailing global trend focuses on generating green energy, which entails utilizing renewable energy sources (RESs). This trend holds immense significance due to the urgent need to combat climate warming caused by greenhouse gas emissions. The primary avenue for achieving a substantial reduction in greenhouse gas emissions is the worldwide commitment to the “net zero by 2050” strategy, as established by the Paris Agreement on climate protection [4]. In alignment with the Paris Agreement, the European Union has bolstered its climate and energy policies, marking a significant shift in direction as part of the European Green Deal [1]. This strategic plan, grounded in a comprehensive impact assessment, has led the European Commission to propose even more stringent 2030 targets, aiming for at least a 55% reduction in greenhouse gas emissions compared with 1990 levels, as outlined in the draft European climate law (Fit 55).



The European Union has consistently pursued the objectives of the “Clean Energy for All Europeans” package (CEP) [2,3]. In December 2019, nearly all EU leaders expressed their commitment to implementing net zero strategies by 2050. The Paris Agreements have introduced a new dimension to climate policy, with the primary goal of limiting the global temperature increase to 2 °C above pre-industrial levels, as stated in Article 1.1(a), rather than solely focusing on reducing carbon dioxide emissions [4]. In accordance with these policies and various EU documents, nations are making substantial investments in renewable energy resources. Numerous programs and initiatives have been established within the EU, including information campaigns and subsidies to support new investments, such as programs that promote the installation of photovoltaic panels, solar panels, and heat pumps [1,2,3,4,5,6,11,12,15,16,17,18,19,20,21]. European policy has also spurred many countries to introduce regulations aimed at reducing greenhouse gas emissions and promoting the development of renewable energy sources [12,13].



The possibility of providing support for RES investment and development stems from the European Union’s energy policy, as defined in, among other things, Directive 2009/28/EC. Through the Horizon 2020 program, the European Union is implementing measures to find and support new and innovative solutions that will help Europe successfully achieve these goals—from drawing light and heat from the sun to geothermal energy from deep within the Earth and all other natural energy sources. Horizon 2020 has several important projects underway aimed specifically at eliminating market barriers and accelerating the deployment of renewable energy technologies. These include financial instruments, such as auctions, which are becoming a pillar of efforts to support renewable energy policies; the AURES (European #H2020 research project on Auctions for Renewable Energy Support) and AURES II projects have identified and evaluated the auction options in use and determined their impact on energy policy mechanisms and markets under different conditions (http://aures2project.eu/, accessed on 15 September 2023) [15]. At the regional level, the CoolHeating project [16] has supported the deployment of small modular heating and cooling grids in Southeast Europe using an improved business strategy and innovative financing schemes. The importance of prosumers, or energy users who both produce and consume electricity, is being addressed by the PV-Prosumers4Grid initiative [17]. The BestRES project [18] analyzed the possibility of aggregating various distributed renewable energy sources. In order for “bioenergy villages” to be created, bioenergy concepts must be in the investment stage. Thanks to the BioVill project [19], villages in Croatia, Serbia, Slovenia, Northern Macedonia, and Romania have reached a point in their development at which they can cooperate with long-established markets in Austria and Germany. WinWind project partners [20] have developed a number of good practices drawn from their own countries to increase public acceptance of wind energy in targeted regions. Biomass is also a valuable source of renewable energy. The SECURECHAIN project [22] has contributed to the optimal management of the wood biomass supply chain in Europe. The SEEMLA (abbreviation from sustainable exploitation of biomass for bioenergy from marginal lands) project (https://www.ifeu.de/en/project/seemla/, accessed on 15 September 2023) [22] aimed to obtain high energy yields from inferior land, while the subject of the uP_running initiative [22] is bioenergy obtained from tree pruning residues.



According to an analysis of the existing literature [9,10,11,12,13,14,15,16,17,18,19,20,21,22] it is evident that researchers are showing a growing interest in exploring the challenges associated with renewable energy source (RES) development. Furthermore, there is a noticeable emergence of studies that assess the influence of these barriers on the implementation of RESs [22]. This trend is clearly reflected in the scientific databases Web of Science and Scopus, as illustrated in Figure 1.



Despite the increase in literature interest in this research topic, the authors found a research gap in the topic undertaken. It was found that there is a lack of studies that take into account the analysis of all determinants and barriers affecting the implementation and thus development of RESs. There are studies creating indicators or indexes to measure the impact of barriers on RES implementation [22]. The literature has mostly either listed what the barriers to RES development are [23,24,25,26,27,28,29,30,31,32,33] or evaluated them only for a single country [24,25] or a non-EU country [27,30,31,33]. However, in the area of socioeconomic factors, the literature has analyzed either the economic factors resulting from market imperfections [23] or trade relationships [29] with overdated data [23,24,25,26,28] or omitted the level of social development of countries [22]. There is a lack of analyses that take into account the impact of the market (overcapacity) and socioeconomic factors (socioeconomic development of the countries) or barriers (in a negative impact situation). There is a lack of holistic analyses that additionally attempt to analyze the occurrence of similar relationships for groups of countries or regions in all analyzed areas of RES development. This study indicates that we are not dealing with a situation in which the impact of all barriers is similar across the EU or a situation in which each country is different. The findings provided by this study contribute novelty to the literature.




2.2. Barriers to Development of RESs


In the literature, various authors have pointed to several categories of barriers (Table 1). The main barriers associated with the development of renewable energy include limited opportunities for entrepreneurs to finance investments, legal support regulations, administrative and procedural difficulties, and with the operation of transmission networks.



Table 1 summarizes the barriers to renewable energy development from various studies conducted in different countries and regions over the years. In 1999 in Poland (Wiśniewski), the barriers included market issues related to economics and finance, as well as political and institutional challenges due to outdated goals and inadequate infrastructure [23]. In 2015 in Poland (Wasiuta), the barriers encompassed political and institutional problems, administrative challenges, economic and financial issues, location-related hurdles, and information and education gaps [24,25,26]. In 2015 in Chile (Nasirov et al.), the challenges consisted of economic and financial issues, technological and infrastructure obstacles, institutional and regulatory hurdles, and public awareness and information constraints [27].



In 2012 in the European Union [28], barriers were identified in generation, grids, market power and regulation, cross-border externalities, storage, and demand, and they included issues related to learning and knowledge spillovers, capital market restrictions, an uneven political playing field, community acceptance, planning consent and policy commitment, lack of network capacity, intermittency, controllability, securing peak capacity, market power and regulation, cross-border externalities, storage, and demand [31]. In 2021 in countries in the European Union [29], the barriers encompassed financial or economic factors; sociopolitical, regulatory, and environmental issues; and behavioral and psychological challenges [32]. In 2013 in Australia [30], barriers included administrative obstacles, lack of transparency, policy unpredictability, insufficient social approval, cost-related competitiveness issues, continued government backing for conventional electricity sources, and intellectual property issues [33].



Also, in 2005 in the United Kingdom [31], barriers involved systems failures, financial obstacles, skills gaps, risk perception, intellectual property issues, expectations and market uncertainty, policy framework, exit strategies and support continuity, and collaboration and partnerships. In 2021 in the European Union (Streimikiene), barriers covered financial or economic issues, sociopolitical, regulatory, and environmental factors, and behavioral and psychological challenges [32]. In 2023 in Canada (Patel and Parkins), barriers included economic, environmental/technical, planning, and political factors related to renewable electricity projects [33].



The literature review in Table 1 indicates that many factors influence the development of RESs. These factors are often grouped in different ways; nevertheless, the most important ones can be grouped into four groups of factors: administrative barriers [22,24,25,30,33], political barriers [22,23,24,25,27,28,30,31,32,33], grid barriers [22,26,27,28,33], and socioeconomic barriers [22,23,24,25,28,29,31,32,33]. Barriers to administrative processes were indicated in many literature items and mainly included public procurement, environmental planning, and the duration of administrative procedures. Network barriers are related to the state of regulation of networks and infrastructure. It is worth noting that these barriers are particularly emphasized in the literature in the field of renewable energy. Political barriers have been indicated by almost all publications on RES, and they concern unstable political support and remuneration for RES and a lack of or unstable climate strategy. The last group of barriers concerns market, economic, and social factors. To summarize this group of factors in the literature, it is indicated that they depend on the level of socioeconomic development of a given country and the balance of production capacity in the renewable energy market. Overcoming barriers to the installation of renewable energy sources in the European Union is a complex but necessary task. By addressing regulatory challenges, providing financial support, fostering innovation, and promoting public awareness, the EU can continue its journey toward a more sustainable and greener energy future. Through coordinated efforts at both the national and European levels, the EU can lead the way in the global transition to renewable energy sources and mitigate the impacts of climate change [23,24,25].



The first group analyzed are administrative barriers; among them, we can describe the following barriers [22,24,25,30,33]:




	
Administrative obstacles, including protracted regulatory approvals and permitting processes: lengthy and complex administrative procedures can hinder the timely development of renewable energy projects.



	
Lack of transparency and expensive procedures for connecting to the grid: the cost and complexity of connecting renewable projects to the grid can be a significant administrative barrier.



	
Policy unpredictability characterized by abrupt policy shifts and inconsistent decision-making: frequent changes in government policies related to renewable energy can create uncertainty for investors and developers.








To overcome these barriers, simplifying administrative procedures and reducing approval times can motivate renewable energy project developers. Also, transparent and cost-effective grid connection procedures are needed. Providing clear and affordable processes for connecting renewable projects to the grid can be a strong motivator. Offering long-term policy stability can encourage investment in renewable energy projects.



The second type of barriers are political barriers. In this case, the especially important barriers are [22,23,24,25,27,28,30,31,32,33]:




	
Unstable political support and changing policies: inconsistent political backing for renewable energy projects can deter investment.



	
Opposition from local communities and government bodies: resistance from local communities and municipal councils can pose political challenges.



	
Dependence on regional governments: relying on regional authorities for support can result in varying priorities and inconsistent policies.








To overcome these types of barriers in RES development, governments should support a clear renewable energy strategy that can motivate investment and development. Also, an important problem is effective community engagement and public acceptance. Encouraging local communities to embrace renewable projects can be a significant motivator. Coordination between different levels of government can facilitate a more conducive environment for renewables.



The third type of potential barriers are economic barriers. The most important among them are [22,23,24,25,27,28,31,32,33]:




	
High capital costs for renewable electricity projects: the initial investment required for renewable projects can be a barrier.



	
Long payback periods: extended timeframes for recovering investments can discourage potential investors.



	
Limited revenue/savings potential for renewable projects: concerns about the profitability of renewable energy projects can be a barrier.



	
High operational and maintenance costs: ongoing expenses for renewable projects can affect their economic viability.








To overcome economic barriers, it is important to decrease capital costs. This requires efforts to reduce the upfront costs of renewable energy projects, which can be a powerful motivator. Also, it is worth accelerating the timeframe for achieving a return on investment, which can make renewable projects more attractive, and providing financial incentives and support can motivate investors and developers.



The fourth type of the barriers are market barriers. These barriers are connected to problems like the following [22,23,24,25,28,29,31,32,33]:




	
Market structure issues hindering renewable integration: challenges in the market structure can impede the growth of renewable energy.



	
The dominance of a few players in the market: market concentration can limit competition and innovation.



	
Volatility in spot market prices: price fluctuations in energy markets can create uncertainty for investors.



	
Limited availability of financial resources: a lack of accessible funding can be a market barrier.








To overcome them, it is important to diversify the market structure. This can be accomplished by encouraging competition and diversity among market players, which can motivate renewable energy development. The next important activity is to reduce market volatility by stabilizing energy prices, and markets could provide a stronger incentive for investment. Also, expanding financial support options can motivate renewable energy projects.



The last type of barrier in RES development is connected to infrastructure. The most important infrastructure barriers are [22,26,27,28,33]:




	
Grid connectivity limitations and insufficient grid capacity: inadequate grid infrastructure can limit the integration of renewable energy.



	
Lengthy permit processing times for a large number of applications: delays in permitting can slow project development.



	
Inadequate infrastructure to support renewable energy deployment: a lack of infrastructure can be an infrastructure barrier.








To deal with infrastructure barriers, organizations should expand grid capacity and improve connectivity by strengthening grid infrastructure, which can facilitate renewable energy integration. Also, faster permitting can motivate developers to move forward with projects. Developing infrastructure that supports renewable energy can be a strong motivator.



Addressing these barriers and leveraging the corresponding motivators requires a comprehensive approach that includes regulatory changes, stable policies, financial incentives, infrastructure development, and community engagement. By carefully considering and addressing these factors, governments and stakeholders can accelerate the transition to renewable energy sources.




2.3. European Green Deal


The European Green Deal is an ambitious policy initiative aimed at addressing climate change and environmental challenges [34]. It set a goal of achieving climate neutrality by 2050, meaning that the European Union aims to balance its greenhouse gas emissions with removals, effectively eliminating its net contribution to climate change [35,36]. The Green Deal is closely tied to economic recovery efforts, especially in the wake of the COVID-19 pandemic [37,38,39].



According to Kotseva-Tikova and Dvirak’s research, the NRRPs of member states, including Bulgaria and Lithuania, are designed to align with the Green Deal’s objectives, making sustainable and green investments a priority for economic growth [40]. Both Bulgaria and Lithuania have taken measures to reduce greenhouse gas emissions. They have experienced changes in their industrial sectors, energy resources, and economic structures to contribute to the Green Deal’s goal of reducing emissions. The NRRPs of Bulgaria and Lithuania allocate a significant portion of their funding to support green initiatives. Lithuania plans to allocate 37.8% of its funds to green projects, while Bulgaria aims for 53.66%. These projects encompass areas such as renewable energy, energy efficiency, and environmental sustainability. To finance these green projects, both countries are looking to engage the private sector. Bulgaria anticipates substantial private sector investment of around EUR 2.4 billion, while Lithuania plans for EUR 815 per capita in private investments. This collaboration aims to leverage additional capital for sustainable initiatives [39,40].



EU institutions should work toward harmonizing renewable energy policies and regulations across member states [41]. This could create a more predictable environment for investors and project developers. Continued financial support for renewable energy projects is possible through mechanisms like the European Structural and Investment Funds (ESIF) and the European Green Deal Investment [42]. Available and implemented projects at the level of the European Commission are tools in the climate policy of the EU member states. Educating the public about the benefits of renewable energy and involving local communities in the decision-making process can build support for renewable projects [43,44].



Encouraging collaboration between research institutions, industry, and governments can drive technological advancements in the renewable energy sector [45]. Implementing a robust carbon pricing mechanism can make fossil fuels less competitive and incentivize the transition to renewable energy [46]. Strengthening cross-border energy infrastructure and fostering cooperation among member states can facilitate the sharing of renewable energy resources [47]. In Table 2, we sum up the main strategies to overcome barriers in RES installation.



Collaboration with international organizations and other countries allows for the sharing of best practices, technologies, and funding opportunities. Attracting foreign investment in renewable energy projects through favorable policies and regulations can boost development. Investment in grid expansion to accommodate renewable energy integration is essential [48]. Developing energy storage solutions can address intermittency challenges. Promoting electric vehicle (EV) infrastructure and encouraging EV adoption can act as distributed energy storage [49].



Offering insurance and guarantees can help mitigate risks associated with renewable energy investments [50]. The investments are realized in small, medium, and large markets. Manufacturing companies, particularly energy-intensive sectors like metallurgy, along with individual consumers in smaller local markets, share a common interest in making investments [61,62]. This shared interest stems from the imperative of deep decarbonization [33]. Energy-intensive industries, such as metallurgy, are compelled to allocate resources toward Renewable Energy Sources (RES) to ensure their continued viability within the market [63]. A prominent illustration of this commitment to decarbonization can be found in the metallurgical industry, as evidenced in the study by Gajdzik and Wolniak [64]. This industry, characterized by its substantial energy demands, recognizes that embracing RES represents a pivotal step toward achieving sustainability and reducing carbon emissions. Similarly, individual consumers in localized markets are increasingly inclined to invest in RES as a means of contributing to a cleaner and more environmentally responsible energy landscape [48].



Various industries beyond metallurgy are recognizing the significance of investing in renewable energy sources (RESs) to align with the imperatives of deep decarbonization. This strategic approach is not limited to any one sector but is instead a growing trend in the broader landscape of manufacturing and consumer markets [56].



Industries spanning from automotive manufacturing to electronics and technology production are increasingly turning to RES as a means to reduce their carbon footprint [55]. The automotive sector, for instance, is investing in electric vehicle (EV) technology, often powered by renewable electricity sources, to transition away from traditional fossil fuel-dependent vehicles. This shift not only reduces greenhouse gas emissions but also positions these companies favorably in an evolving market in which sustainability is a key driver of consumer preference [58].



Similarly, electronics and technology manufacturers are incorporating RES into their operations and products. Data centers, which are essential for the functioning of modern technology, are being powered by renewable energy to mitigate their substantial energy consumption [59,60,61,62,63,64]. Additionally, consumer electronics companies are designing products with energy efficiency in mind, often utilizing renewable energy to manufacture their devices [65,66]. Digitalization is a strong support for the development of industries [67]. In the European policy of the industrial concepts I 4.0 and I 5.0 [68,69], it is postulated that new technologies should be aimed at decreasing energy consumption. Even the tourism sector is incorporating green policies and promoting RESs and decarbonization [70].



Long-term power purchase agreements (PPAs) provide revenue stability for project developers. Funding research and development efforts to advance renewable energy technologies and make them more cost-effective is a key strategy for long-term sustainability [70]. Engaging in international diplomacy efforts, including participation in global climate agreements, can enhance the profile of renewable energy and create diplomatic opportunities for collaboration [71].



The success of these strategies depends on tailoring them to the specific challenges and opportunities of each region. It requires cooperation between governments, businesses, communities, and international partners to promote and expand renewable energy development on a global scale.





3. Materials and Methods


In this study, desk-based research methodology was used to collect and analyze empirical data on the barriers to renewable energy sources (RESs) in European countries. This method involves gathering and evaluating information from databases and secondary sources, such as the RES Policy Monitoring Database, Eurostat, United Nations reports on RES barriers in the EU, RES consumption and generation, socioeconomic development in EU member states, and other materials available online or in libraries. The aim of the research was to analyze the barriers to the development of basic renewable energy sources (RES) in EU countries, including the impact of socioeconomic development factors, and assess the strength of the impact of these factors/barriers on the share of RESs in energy consumption in the European Union. The goal of desk research was to gain a comprehensive understanding of the barriers to RES development in the European Union. The analysis was comparative in nature, and its outcome was the identification of barriers and connections between individual countries, aiming to determine which groups of countries are affected by specific types of RES development barriers.



Some key steps were taken in the analysis (Figure 2). First, the research topic was identified by defining the research questions and the research problem and reviewing the literature on RES barriers in the EU. The second step was identifying the main factors for and barriers to RES development and determining which factors or barriers would be analyzed. Third, official statistics were identified as the primary and secondary data sources for their reliability, completeness, and comparability over time. Fourth, existing data on categories of RES barriers were collected and summarized in tables. Fifth, data were combined and compared to identify trends in each RES barrier category. Finally, the data were analyzed to calculate relationships and to sum up the results of the analysis.



The literature review [22,23,24,25,26,27,28,29,30,31,32,33] indicated that the development of renewable energy sources (RESs) is influenced by various factors of an economic, political, administrative, technical, and infrastructural nature. These factors can serve as both drivers of (positive impact) and barriers to (negative impact) the development of renewable energy. Building on this background of the analysis, the authors of this paper aimed to answer the following research questions:




	
RQ1. How do political, administrative, grid, and socioeconomic barriers to renewable energy source implementation affect the development of renewable energy in the economy?



	
RQ2. Are market economic factors a barrier to or a stimulus for increasing the level of RESs in energy consumption?



	
RQ3. Do European Union member countries react in a uniform manner to the analyzed factors and barriers to the development of RESs?








As indicated in the assessment model (Figure 3), the authors assumed that the development of renewable energy sources in a country, understood in this paper as an increase in the share of RESs in energy consumption, can be determined by administrative processes barriers, grid barriers (the state of grid regulation and infrastructure), political barriers (the existence of an implausible RES or climate strategy), and market and economic barriers/factors. The latter are dependent on the level of socioeconomic development of a given country (social development and income levels) and the level of overcapacity in the renewable market.



The source of data regarding administrative, grid, and political barriers was the RES Policy Monitoring Database developed by Eclareon [22]. These barriers are measured using two indicators: the spread of barriers and the barrier index. The indicator used to measure the level of socioeconomic development was the Human Development Index (HDI), widely used worldwide and measured annually by the United Nations (UNDP) [71]. The indicator used to measure income levels as a socioeconomic factor of RES development was gross domestic product per capita (GDP per capita) [72]. As for the overcapacity in the renewable market, it was calculated as the difference between the share of the electricity production capacity of renewables in the total electricity production capacity and the share of gross electricity production from renewable sources in gross electricity production from all energy sources. The source of data for calculating all indicators related to socioeconomic development and the level of RESs in the economy was Eurostat [14,34,73]. Since the largest expansion of the European Union occurred in 2004, in order to ensure data comparability, the research period was 2004–2021. The endpoint of 2021 was chosen due to data availability, and this is also the most recent year for which data on RES development barriers and their extent are available. In the analysis, we took into account the EU-27 and not the EU-28. We excluded the UK from the analysis because as of 2020, the UK is not a member of the European Union. Thus, it is uncertain whether current and future EU climate policies, including RES policies, will be followed by the UK. Therefore, we assumed the state of EU membership as at the end of the study period (2021), i.e., 27 EU member states. In addition, the analysis was conducted for countries and not just the EU as one overall entity.



After collecting the existing data, the authors proceeded to the analysis of data concerning the barriers and the share of RESs in energy consumption to identify trends in each RES barrier category and in the development of renewable energy. All four barriers/factors were evaluated for each EU country. Then, a correlation analysis was conducted between RES development barriers and the change in the share of RESs in energy consumption in the EU to determine whether there are dependencies between the variables being studied, both for the EU as a whole and for each individual country. The final stage of the research process involved the analysis of relationships and a summary of the analysis results. In this stage, for factors related to socioeconomic development, a multiple linear regression analysis was performed to determine which of the market and economic barriers/factors statistically significantly influence RES development in EU member countries. The significance level was set at 0.05, which is also given in Section 3, and Statistica 13.3 software (TIBCO Software, Dublin, Ireland) was used for statistical calculations.




4. Results of the Analysis


The present study aimed to analyze the main factors influencing the development of renewable energy sources (RESs) and the impact of RES barriers and economic development factors on RES consumption in European countries. First, we assessed how the barriers to renewable energy development in the European Union have evolved (analyzing all 27 European Union member states); how the fundamental economic development factors related to the entire economy, such as the level of social development in those countries and the GDP per capita, have changed; and renewable energy (i.e., the electricity production capacity of renewables in the total electricity production capacity), and we examined how the relationships between these factors and RES energy consumption have developed. Table 3 presents the level of administrative, political, and grid barriers to the development of renewable energy (measured by the spread of these barriers and the barrier index measuring the possibility of influencing the deployment of RES technologies), as well as the development of RES consumption in the European Union. The goal of this analysis was to assess how RES barriers are shaped in individual countries and the corresponding long-term changes in renewable energy consumption.



Analyzing the data in Table 3, it should be noted that the greatest extent pertained to political barriers, i.e., barriers caused by the non-existence of a RES/climate strategy, sudden changes in the RES strategy, difficulties with practical implementation, or the lack of a support scheme for RES technologies, as well as those related to the remuneration available for RESs. The average spread of these barriers was 3.61, while administrative barriers were at 3.28 and network-related barriers were at 3.17. However, taking into account the barrier index values, which measure existing barriers to the deployment of RESs and their contribution to the opportunities for deploying specific projected RES technology [25], administrative process barriers had the greatest impact (with an average value of 0.89), whereas for grid barriers, the index was 0.81, and for political barriers, it was 0.83. In the case of administrative process barriers, these are barriers concerning the complexity and transparency of administrative procedures as well as the duration and associated costs of administrative procedures, barriers related to the integration of RESs into spatial and environmental planning, and conflicts with third parties. The data analysis suggests that across the EU, all types of barriers have at least a medium spread, although the extent of this spread varies between countries. Administrative process barriers had a large spread in Latvia, Romania, Spain, and Hungary, while they had a severe impact, as measured by the barrier index, in the Czech Republic, Estonia, Hungary, Ireland, Latvia, Lithuania, Malta, Poland, and Portugal. Meanwhile, grid regulation and infrastructure barriers had a large spread only in Hungary and Latvia, with a value of 4.00 or greater, while in most other countries, it was usually medium (i.e., valued between 2.51 and 3.50) or rather low, i.e., valued at 2.50 or lower (Czech Republic, Estonia, The Netherlands, and Portugal). Interestingly, a high level of the index for this type of barrier occurred in Austria, Belgium, Bulgaria, Greece, and Hungary, mainly in Southern European countries. Political barriers mostly had a medium spread in most countries (valued at 2.51–3.50), but they were large in France, Hungary, Ireland, Portugal, Slovakia, Slovenia, and Sweden. Moreover, these barriers significantly hindered the deployment of RESs in Bulgaria, Hungary, Italy, Lithuania, and Romania (barrier index valued above 0.9). When analyzing changes in the share of RESs in electricity consumption, it is also worth noting that during the research period, they largely corresponded to the share of RESs in the overall final energy consumption (the correlation was statistically significant and amounted to 0.57). Additionally, the largest changes in renewable consumption were in countries that are leaders in implementing climate policy goals and have over a 40% RES share in consumption, such as Denmark, Germany, Portugal, Spain, and Sweden.



Analyzing the European Union as a whole and the differences between countries, a low and statistically insignificant relationship between barriers to the development of RESs in European Union countries and changes in the share of renewables in electricity consumption was observed (see Table 4). The results of the correlation analysis also indicate that a higher correlation exists in the case of the spread of barriers than in the case of opportunities for the contribution of barriers to the deployment of RES technology (the barrier index). In the case of administrative barriers, the correlation values for both indicators measuring the impact of the barriers were close to zero, indicating a lack of correlation (administrative rules are independent in each country and do not apply to the entire EU area). By contrast, for the other types of barriers (grid and political), the correlation analysis was also low, but in the case of the spread of barriers, a certain level of a negative relationship was identified (−0.21 and 0.24, respectively). This can be explained by the fact that we were dealing with the impact of the same energy and climate policy for the entire EU area and that EU countries are interconnected by common grids. However, when examining not the long-term changes in renewable energy consumption but the current state of RES usage in energy consumption, in the case of opportunities for the contribution of barriers to the deployment of RES technology, there was a correlation with a moderate negative strength between political and administrative processes barriers and the share of RESs in energy consumption (−0.31 and −0.59 respectively).



Next, in order to determine the role of factors related to the market socioeconomic environment in shaping the development of RESs, Table 5 and Table 6 present how these variables changed during the study period and whether they correlated with the development of RESs, specifically their share in energy consumption.



The long-term analysis of factors in the market economic environment (Table 4) for the renewable energy market indicates that, in the long term, in all countries (except Greece and Italy), an increase in both the wealth of societies measured by GDP per capita and social development was observed in EU countries. In both cases, a greater extent of growth was observed in less affluent countries (in line with the convergence principle), while lower growth rates were observed in wealthier countries. Importantly, changes in RES consumption in the European Union (where the dataset consisted of values in individual countries) over the studied period were statistically significantly correlated with the level of socioeconomic development. The correlation coefficients with the Human Development Index were 0.43 (for 2021) and 0.45 (for 2004) and were statistically significant (at p < 0.05). Regarding the GDP per capita, the correlation with this variable was 0.31, but there was no statistically significant relationship for the entire EU.



Turning to the supply side of the renewable energy market, it is worth noting that in the case of several countries (Belgium, Croatia, Latvia, Luxembourg, and The Netherlands), significant fluctuations in overcapacity in the renewable electricity market were observed, which may suggest that this factor could influence the development of RESs in these countries (positively or negatively). Additionally, it was found that in Austria, Croatia, and Latvia, the share of RES production capacity decreased over the study period, indicating that the supply-side factor could be a hindrance to the development of RES consumption in these countries.



The correlation analysis indicated that, for most countries in the European Union, the development of renewable energy from 2004 to 2021 was positively correlated with the GDP per capita and the Human Development Index (HDI) as a measure of social development. The only correlation exceptions occurred for Greece, Italy, Spain, Slovenia, Portugal, Luxembourg, and Finland, where either the correlation was statistically insignificant (in the last four countries) or negative (in the first three countries). The correlation analysis also showed that in the case of overcapacity in the renewable market, the relationships were diverse. Some countries exhibited positive correlations, others exhibited negative correlations, and some showed no correlation with the growth of RES consumption in their respective countries.



To assess whether there was a statistically significant impact of some of these factors on RES development, a multiple linear regression analysis was conducted between these three market economic environment factors and the level of the share of RESs in energy consumption (see Table 7). In each case, partial correlations were also examined to confirm the linearity of the relationships (which was present in each of the cases mentioned below).



The multiple regression analysis conducted for each of the EU member states indicated that the most common driver influencing the development of RESs was the level of social development, as measured by the Human Development Index. In eight countries, an additional or sole factor (Romania and Slovakia) was the level of economic development (GDP per capita). It is worth noting that these were often countries in Central–Eastern Europe or located along the coast. It is also worth adding that while the HDI always had a positive impact on the share of RESs in electricity consumption, in the case of GDP per capita, the impact could be either positive (Bulgaria, Romania, Slovakia, and Sweden) or negative (Hungary, Italy, Portugal, and Spain). Another important conclusion worth emphasizing is that in the case of a significant portion of Central and Eastern European countries, there was a statistically significant impact of the level of overcapacity in the renewable market on the share of RESs in electricity consumption. Therefore, it can be stated that market economic factors in most EU countries are statistically significant factors influencing the development of RES consumption.



Next, on the basis of the results in Table 3, Table 4, Table 5, Table 6 and Table 7, a collective list was prepared to show how individual barriers in each of the EU Member States influenced the development of RESs during the study period (Table 8). This collectively determined the impact of all the factors examined in this paper on the development of RESs in energy consumption in the EU. The strength of the impact is indicated by the number of plus signs, where a higher number indicates a greater impact.



The results of the analysis of factors influencing RES development in EU countries showed that in most EU member states (18 out of 27), the most important factor for development was the level of social development (with a very strong impact in 11 countries) and the prosperity of the country, measured as GDP per capita growth (Bulgaria, Romania, Slovakia, and Sweden). The next in line as a driver was the presence of overcapacity in the renewable market (Belgium, Cyprus, France, Hungary, Luxembourg, Malta, and The Netherlands). It was also found that barriers most commonly had administrative origins (with a very strong impact in 9 countries and a strong impact in 16 countries) and political origins (with a very strong impact in 5 countries and a strong impact in 11 countries). Another area of concern is grid barriers (with a very strong impact in five countries and a strong impact in six countries), and finally, market-economic factors (present in eight countries, with a very strong impact in Latvia due to overcapacity). The results also showed that in 8 out of 27 countries, all four types of barriers were present; in Hungary, three were present; and in Bulgaria (grid, political), Latvia (administrative, overcapacity), and Lithuania (administrative, political), there were two types of barriers with a very strong discouraging impact on RES implementation.




5. Discussion


In the paper, we analyzed the impact of factors on the development of renewable energy source consumption in European countries. On the basis of the results of this analysis, the authors assessed which of these factors contributed to RES barriers in the renewable market. The analysis had a comparative nature, and its outcome was the identification of connections between individual countries. The literature review indicated that many factors influence the development of RESs. These factors are often grouped in different ways; nevertheless, most importantly, the literature underlines barriers such as barriers resulting from market imperfections of finance [23]; storage and demand or market power [28]; technological and infrastructure obstacles [27]; sociopolitical, regulatory, and environmental factors [32]; political support [22]; environmental/technical factors; planning [33]; barriers concerning grid problems [26,27,28,33] or administrative obstacles, including protracted regulatory approvals and permitting processes [25,27]; and others. Having undertaken a critical analysis of the literature, the authors identified four types of factors that can constitute barriers to the development and consumption of renewable energy sources: administrative processes barriers, grid barriers, political barriers, and market and economic barriers.



The first of these are barriers related to the complexity and transparency of administrative procedures, including the duration of administrative procedures and associated costs, barriers related to the integration of RESs into spatial and environmental planning, and conflicts with third parties [22,24,25,30,33]. Grid barriers relate to the lack of sufficient grid infrastructure (or its slow development) for the transmission and distribution of energy generated from renewable sources. Additionally, these barriers also pertain to the high costs of grid connection or the transparency of procedures for connecting RES to the grid [22,26,27,28,33]. Political barriers concern the existence of an unrealistic RES or climate strategy, a lack of or poorly functioning support system for these energy sources, remuneration for RES (it is either too low or favors other energy sources disproportionately in relation to the risks or current development needs), and the failure of the policy framework to keep up with the pace of renewable energy development [22,23,24,25,27,28,30,31,32,33]. Meanwhile, market and economic barriers encompass factors such as a low level of social development in the country, low-income growth for society, and overcapacity in the renewable market [22,23,24,25,28,29,30,31,32,33,72,73,74].



To answer RQ2, the authors checked the impact of socioeconomic factors on RES energy consumption in EU countries. The analysis conducted in this study indicates that a high level of development in a given country favors a high utilization of RESs and their consumption. It is worth noting that the highest share of RESs in electricity or final energy consumption was observed in the wealthiest countries, such as Denmark, Finland, Sweden, Germany, and Latvia (which is an exception among the wealthiest economies). Additionally, among less affluent economies in the EU, a significant driver of RES development was the increase in GDP per capita (Bulgaria, Poland, Portugal, and Slovenia). Even if a country does not support RESs or does so inefficiently, rising prosperity among the population leads to a greater willingness to consume RESs. This can be explained by the fact that investments in RESs are costly, which may suggest that in economies of less affluent countries, it is mainly the wealthier part of the population or the part with the fastest-growing incomes that invests in RESs. Therefore, low economic growth, recession, or a decline in the level of social development in the analyzed economies may constitute a barrier to the development of RESs.



Answering RQ1, it can be stated that different factors affect different countries. The analysis indicated that in the economies of less affluent EU countries (Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, and Portugal) as well as in Ireland, administrative process barriers pose the strongest impediment to RES development. In most of these countries where the influence of administrative process barriers is strong, there was also a strong or very strong influence of political barriers. It was also found that in countries where the share of RESs in electricity consumption was high (Belgium, Germany, and Sweden) or had a significant increase in 2004–2021 (Cyprus, Estonia, and France), overcapacity in the renewable market exerted a strong influence on development. This could be related to increased uncertainty in the renewable market, which arises in such situations, aligning with findings highlighted in the literature [23,28,31,32].



In conclusion, answering RQ3, it should be noted that in countries in Southern–Central Europe, namely Austria, Bulgaria, Greece, Hungary, and Belgium, where there was a significant increase in RES capacity during the study period, grid barriers had a very significant impact on RES development. This aligns with the literature, emphasizing grid barriers as a significant factor slowing RES consumption [28].



The findings of this study align with those of several previous research works that have highlighted administrative barriers as a significant impediment to RES development. Other studies across Europe, for example, Kryszk et al. [43] and Rozwadowska and Szymański [75], have consistently pointed out the complexity and duration of administrative procedures as a key hindrance to renewable energy projects. This consistency underscores the need for streamlining bureaucratic processes to accelerate RES implementation.



The study’s observation of grid barriers impacting RES development in Southern–Central European countries is consistent with broader research trends. Grid constraints are often more pronounced in regions with slower infrastructure development. Similar results were observed in Liberia by Innis and Assche [76]. The problem in European Union countries was also described by Maciulytie-Sniukiene and Butkus [77]. Addressing this challenge requires targeted investments in grid expansion and modernization. These findings align with the broader discourse on grid integration for renewables. In companies, the key strategy can be the improvement of used technologies [78] and digitalization [79]. The barriers analyzed are particularly important for energy-intensive sectors, e.g., metallurgy [10,62,63,64,80,81,82,83]. In our opinion, while renewable energy represents a critical path toward a more sustainable and environmentally friendly future, it is not without risks and challenges. Mitigating these risks requires a combination of technological innovation, sound policy frameworks, international cooperation, and proactive planning. Striking a balance between the benefits of renewable energy and the risks associated with its implementation is essential for a successful energy transition. Ultimately, a well-managed and well-executed transition to renewable energy can yield not only environmental benefits but also economic and social advantages for societies worldwide.



The renewable energy sector is highly influenced by government policies and regulations. Changes in government leadership and shifts in policy priorities can introduce uncertainty and risks for investors and project developers. Stable, long-term policies that provide a predictable investment climate are essential for the success of renewable energy projects.



The transition to renewable energy could shift global energy dynamics and influence geopolitical relationships. Countries with abundant renewable resources may gain strategic advantages, while traditional fossil fuel-dependent nations may face economic and geopolitical challenges. Managing these shifts and ensuring cooperation in the global energy transition is essential to minimize conflicts and disruptions.




6. Conclusions


The study aimed to analyze the RES barriers in European countries from 2004 to 2021, taking into account factors such as administrative processes barriers, grid barriers, political barriers, and market and economic barriers. The analysis revealed that one cannot speak of the European Union as a uniform area in terms of the pace of renewable energy development and the factors hindering this development. The analysis indicated that there was no statistically significant relationship between the development of RES barriers in the European Union as a whole and changes in the share of renewables in electricity consumption. The results from the correlation analysis showed that, from the perspective of the entire European Union, in the short-term analysis (one year) of RES development, the spread of barriers was more significant. However, when analyzing long-term changes in the share of RESs in energy consumption, the opportunities for the contribution of barriers to the deployment of RES technology, influenced by political, administrative processes, and market and economic barriers, were statistically more significant. Relationships and statistically significant impacts of the analyzed barriers on RES development existed when analyzing individual countries.



A striking correlation existed between a high level of social development and the adoption of renewable energy sources. Notably, the countries with the highest RES utilization included Denmark (43.6% of final energy consumption), Finland (43.1%), Sweden (57.4%), Germany (39.7%), and Latvia (37.1%). In these nations, a robust GDP per capita growth rate contributed significantly to their willingness to embrace RES. Administrative process barriers have a substantial impact on RES development, particularly in less affluent EU countries. For instance, in the Czech Republic, Hungary, and Poland, these barriers exert strong discouraging effects. Streamlining administrative procedures, environmental planning, and reducing associated costs is imperative in these regions to expedite renewable energy adoption.



In specific regions, particularly Southern–Central Europe (e.g., Austria, Bulgaria, Greece, and Hungary), grid barriers posed significant obstacles to RES development. Challenges included slow grid infrastructure development, opaque grid connection procedures, and high connection costs. Addressing these issues is pivotal for unlocking the renewable energy potential in these areas.



With RES adoption ranging from approximately 37% to 57% in the most advanced countries, there is ample room for growth. Increased public spending on research and development, coupled with improved support mechanisms for innovators, will be pivotal in driving renewable energy technology innovation and fostering sustainable growth across the European Union.



It was found that in most EU countries, administrative process barriers (25 out of 27 countries) have a strong or very strong influence on RES implementation. However, in terms of market economic barriers, in as many as 11 countries, the level of social development exerted a very strong influence on the share of RESs in energy consumption, with a low level of social development acting as a barrier to development. Of the other two types of barriers, political barriers played an important role (16 out of 27, of which 9 had a very strong impact), while grid barriers had the least influence.



Distinctive patterns were observed among groups of countries. In most EU countries, there was not a strong influence of several types of barriers (in eight countries, all four types of barriers had a strong or very strong impact). Among less affluent EU countries, a significant barrier to RES development was a recession or low economic growth (Bulgaria, Poland, Portugal, and Slovenia). Rapid GDP per capita growth stimulates an increase in the share of RESs in electricity and final energy consumption. Similarly, administrative barriers played the most significant role in the economies of less affluent EU countries (with the exception of Ireland). In countries where the share of RESs in electricity consumption was high (Belgium, Germany, and Sweden) or had a significant increase from 2004 to 2021 (Cyprus, Estonia, and France), overcapacity in the renewable market had a strong impact on development. It was also noted that in countries in Southern–Central Europe, namely Austria, Bulgaria, Greece, and Hungary, a strong barrier to RES development was the state of grid infrastructure, including its slow development, procedures for connecting RES to the grid, and high costs of grid connection.



On the basis of this, several recommendations can be made in terms of fostering the growth of RES consumption, which policymakers can influence. In less affluent economies, significant emphasis should be placed on socioeconomic development, especially economic growth, and the elimination of administrative barriers, particularly by reducing the duration of these procedures and those related to environmental planning. More affluent countries should place a greater emphasis on reducing the level of overcapacity in the renewable market. The final recommendation applies to all economies: having a climate strategy and updating the functioning support system depending on the current situation in the renewable market.



Wealthier countries like Belgium, Germany, and Sweden and those experiencing significant RES capacity growth, such as Cyprus, Estonia, and France, contend with the impact of overcapacity in the renewable market. This factor introduces uncertainty into the renewable energy sector, aligning with findings in the existing literature. In our opinion, addressing this challenge is paramount for maintaining a stable and thriving renewable energy market.



This study constitutes a contribution to the analyzed field of knowledge. In undertaking this study, the authors conducted a comprehensive analysis of all determinants and barriers affecting the implementation and thus the development of RESs in 27 European Union countries. The authors thus filled the research gap in this area of the subject. Additionally, the authors examined the impact of market (overcapacity) and socioeconomic factors (socioeconomic development of the countries), which has not been carried out in the literature so far. Relationships regarding RES barriers for groups of countries or regions in the EU were also identified. There are also some theoretical conclusions to draw. The development of RESs is influenced not by individual sets of barriers but by different types of barriers. Another conclusion is the limited research on the state of barriers in all European Union countries, which would allow monitoring changes in this research area. The literature pays insufficient attention to the role of socioeconomic factors in RES development and their significant role in achieving target indicators by member states.



The statistical analysis of the RES barriers submitted indicates the need to make the needs and differences between different groups of countries realistic in overcoming barriers. The removal of barriers to building a diversified energy system is associated with RES policies implemented in countries. The analysis indicated that barriers to RES development are not uniform across the EU, despite the fact that EU directives apply to the entire territory of the European Union. Furthermore, specific development barriers or factors in the development of RESs are often specific to groups of countries or regions in Europe. In specific policies, much greater importance should be given to the causes that inhibit the development of renewable energy technologies and infrastructure. The measures taken in recent years are an important step forward, but without decisively removing barriers in the years to come, they will not change the face of climate policy. Ultimate success depends on the consistent implementation of energy sector reform plans and a significant increase in public spending on research and development—including from domestic funds—as well as the continuous improvement of existing instruments to support innovators, including learning from the experience gained over the past few years from completed projects. Like any study, this one also has limitations. The primary limitation is the need to monitor barriers every year for EU countries in order to analyze them in the coming years and the difficulties in accessing data. This is also a recommendation for future research directions, to conduct analyses in subsequent years, expand analyses for groups of countries within the European Union, and attempt international comparisons.
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Figure 1. Number of publications about RES barriers in the databases WoS and Scopus between 2004 and 2022 (“Barriers of renewables”). 






Figure 1. Number of publications about RES barriers in the databases WoS and Scopus between 2004 and 2022 (“Barriers of renewables”).



[image: Energies 16 07364 g001]







[image: Energies 16 07364 g002] 





Figure 2. Stages of the research process. 
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Figure 3. Model for analyzing the impact of factors of and barriers to RES development. 
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Table 1. Barriers to RES development according to the literature review.
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Year and Country

	
Authors

	
Category of Barrier

	
Description






	
1999

Poland

	
Wiśniewski

[23]

	
Market

	

	
Resulting from market imperfections in the optimal allocation of resources, including market barriers of an economic and financial nature that occur when renewable energy technologies have already been introduced to the market and are typical of the situation in most European Union countries just facing a progressive process of liberalization of the energy sector and the taming of new technologies.









	
Political

	

	
Resulting from an anachronistic definition of development goals and a lack of adequate institutional infrastructure. Political and institutional barriers are typical of countries with economies in transition, including Poland.









	
2015

Poland

	
Wasiuta [24] and others [25]

	
Political

	

	
Gaps in the legal acts of the RES support system;



	
Organizational problem in the form of a low share of green energy in the balance of energy sold;



	
Inclusion of biomass co-firing in old condensing boilers as RES;



	
A lack of obligation to take into account in the study of conditions and directions of the spatial development of the municipality the issues related to the development of local resources of renewable energy sources.









	
Administrative

	

	
Financial security for investments;



	
Public procurement;



	
Procedures;



	
Tax regulations;



	
Limitation in the Natura 2000;



	
Joint implementation projects;



	
Technical conditions.









	
Economic

	

	
A lack of economic motivation for foreign investors to invest in RES in Poland;



	
Inadequate economic mechanisms, including, in particular, fiscal ones, which would make it possible to obtain adequate financial benefits in relation to the amount of capital expenditure incurred for facilities, installations, and equipment intended for the production of energy from renewable sources;



	
Relatively high investment costs of renewable energy technologies,



	
High cost of work (e.g., geological) necessary to obtain energy from renewable sources;



	
A lack of due tax preferences for the import and export of equipment intended for renewable energy systems.









	
Infrastructure

	

	
Poor synchronization of local use of renewable energy resources with spatial planning;



	
Low level of respect for the opinions of local communities and in cooperation with them in the development of RESs.









	
Market

	

	
A lack of widespread access to information on the distribution of RES potential;



	
A lack of information on production and design companies and the consulting companies dealing with this subject;



	
A lack of publicly available information on the procedures to be followed when opening and implementing this type of investment, as well as standard costs of the investment cycle;



	
A lack of knowledge about the economic, social, and environmental benefits associated with the implementation of investments using renewable energy sources;



	
A lack of information about manufacturers, suppliers, and contractors of systems using energy from renewable sources;



	
A lack of educational and training programs on renewable energy sources aimed at engineers, designers, architects, representatives of the energy sector, bankers, and decision-makers;



	
Difficulties in accessing information on possible sources of financing.









	
Gernarally

	
OECD/IEA, Paris 1997 [26]

	
Infrastructure

	
In a technical sense, the vast majority of the world’s small- and medium-scale RES technologies already enable relatively reliable and trouble-free operation of equipment at a fairly high efficiency. Hence, the main objective of further research and development should be to strive for lower investment costs, including mainly material costs, rather than to slightly increase efficiency with a disproportionate increase in costs (this is especially true for high-power wind power technologies, photovoltaic systems, and technologies for obtaining liquid fuels from biomass).




	
2015

Chile

	
Nasirov et al.

[27]

	
Economic

	

	
Market structure issues hindering renewable integration;



	
Dominance of a few players in the market;



	
Challenges in negotiating power purchase agreements ;



	
Volatility in spot market prices.



	
Extended periods for financial recovery;



	
Absence of accounting for external impacts;



	
Limited availability of financial resources;



	
High upfront capital requirements.









	
Infrastructure

	

	
Grid connectivity limitations and insufficient grid capacity;



	
Lengthy permit processing times for a large number of applications;



	
Absence of a regulatory framework for land acquisition;



	
Elevated land speculation risk due to mining-related concessions;



	
Coordination gaps among pertinent institutions.









	
Administrative

	

	
Political instability as a contributing factor;



	
A lot of legal regulations that are continuously updated.









	
Market

	

	
Local resistance to project development;



	
Insufficient dissemination of information and public awareness;



	
Scarcity of required scientific and technical competencies in the workforce.









	
2012

European Union

	
Lehmann et al.

[28]

	
Administrative

	

	
Learning and knowledge spillovers: this barrier here is the lack of policies for promoting knowledge, sharing, and learning in the renewable energy sector. The policies for carbon lock-out include implementing feed-in tariffs (or quotas) and adopting feed-in tariffs with a breathing cap.



	
Uneven political playing field: this barrier highlights the absence of policies addressing political imbalances in the renewable energy sector. To promote carbon lock-out, policies should tighten the EU Emissions Trading Scheme, implement a price collar within the scheme, phase out fossil fuel subsidies, spur market liberalization, and use feed-in tariffs as a second-best means.



	
Community acceptance: this barrier pertains to the lack of policies to foster community acceptance of renewable energy projects. Policies for carbon lock-out involve promoting local ownership through feed-in tariffs (rather than quotas) and implementing transparent, participative planning and decision-making processes, along with clear and participative zoning.



	
Planning consent and policy commitment: this barrier relates to unclear and slow planning processes and a lack of government commitment to renewable energy deployment. Policies for carbon lock-out include handling planning more clearly and quickly, establishing one-stop contact points for investors, enforcing brief and binding approval periods, and having governments endorse explicit deployment scenarios.



	
Cross-border externalities: this barrier relates to challenges in coordinating cross-border transmission networks. To promote carbon lock-out, policies should encourage cooperative planning of European transmission networks by operators and foster cooperation between national regulators.









	
Infrastructure

	

	
A lack of network capacity: this barrier signifies insufficient network capacity for renewable energy integration. Partially deep connection charges and differentiated network use-of-system charges to provide locational signals are policies for carbon lock-out.



	
Intermittency, controllability, and securing peak capacity: this barrier points to challenges associated with the intermittency of renewable energy sources. Policies for carbon lock-out include defining technical requirements and offering feed-in tariffs with premiums for certain technologies, as well as promoting voluntary curtailment agreements.



	
Technology: this barrier relates to limited support for renewable energy pilot projects and large-scale deployment. Policies for carbon lock-out involve providing support for pilot projects and offering large-scale support for renewable technology deployment.









	
Economic

	

	
Economic incentives: this barrier signifies the absence of economic incentives for renewable energy storage and demand-side management. Policies for carbon lock-out include implementing dynamic electricity pricing, time-variant grid fees and taxes, and lowering entrance barriers to ancillary markets, such as reducing bid sizes in balancing markets.



	
Capital market restrictions: this barrier relates to restrictions in the capital market that hinder renewable energy investments. Policies for carbon lock-out involve substituting quotas with feed-in tariffs.









	
Market

	

	
Market power and regulation: this barrier highlights market power and regulatory issues affecting renewable energy development. Policies for carbon lock-out encompass unbundling, priority network access, setting timelines for processing connection requests, regulating efficient operation, and providing stronger regulatory incentives for investment and innovation.









	
2021

countries of

European Union

	
Carfora et al. [29]

	
Political

	

	
RES policy can play an important role in the deployment of RES technologies, but the policy is very restrictive for businesses.









	
Market

	

	
Market factors: the development of RES generation can cause production capacity shortages or overcapacity and affect the effectiveness of RES investments. The authors also indicated that trade relationships and trade networks can shape investment choices and encourage investment in renewable energy.









	
2013

Australia

	
Byrnes et al.

[30]

	
Administrative and Political

	
Barriers in Australia:

	
Administrative obstacles, including protracted regulatory approvals and permitting processes [28,30].



	
Lack of transparency and expensive procedures for connecting to the grid [30,32].



	
Policy unpredictability characterized by abrupt policy shifts and inconsistent decision-making [30,33,34].



	
Continued government backing for conventional electricity sources, ingrained institutional practices, and the prevalence of established norms (dominant power structures).









	
Economic

	

	
Cost-related competitiveness issues.









	
Market

	

	
Insufficient social approval and public acceptance of renewable energy initiatives [30,35].









	
2005

United Kingdom

	
Foxon et al.

[31]

	
Infrastructure

	

	
“Systems failures” in moving technologies along the innovation chain, particularly in two stages: the transition between the demonstration stage and the pre-commercialization stage and between the pre-commercialization stage and the supported commercialization stage. These failures can be seen as barriers to progress.









	
Economic

	

	
Moving from the demonstration stage to pre-commercialization is hindered by insufficient financing available for research and development (R&D) and early demonstration projects. The incentives provided by measures like the Renewables Obligation are not enough to attract investment for high-risk, early-stage technologies.









	
Administrative

	

	
There is a lack of skills in key areas of renewable energy technology development, and this can be a barrier to progress. The text suggested that the skills needed for large-scale demonstration and early commercialization may differ from those involved in R&D and initial demonstration stages.









	
Market

	

	
The text identified various forms of risk, including technology risk, market risk, regulatory risk, and systems risks, which can deter the large-scale deployment of pre-commercial technologies. These risks can make investors hesitant to support renewable energy projects.









	
Intellectual Property (IP) Issues

	

	
Small and medium-sized enterprises (SMEs) face difficulties in registering patents and negotiating IP rights, which can hinder their ability to secure private equity finance and collaborate with universities.









	
Expectations and Market Uncertainty

	

	
The text emphasized the importance of long-term market expectations for renewable energy technologies. The uncertainty surrounding future market conditions could be a barrier to innovation and investment.









	
Policy Framework

	

	
The need for a stable and consistent policy framework was highlighted as a common theme. The longevity and stability of policies like Renewable Obligation Certificates (ROCs) were seen as beneficial for providing stability in the industry. A more stable policy framework not tied to individual technologies was recommended to create positive expectations for early-stage technologies.









	
Exit Strategies and Support Continuity

	

	
The text suggested that clear “exit strategies” need to be defined to determine when support will be withdrawn from technologies. This is important to ensure that technologies can progress to commercialization without perpetual public support.









	
Collaboration and Partnerships

	

	
The study identified partnerships between companies and end-users as promoting innovation and providing a competitive advantage. However, barriers to collaboration, such as IP issues, can exist.









	
2021

European Union

	
Streimikiene [32]

	
Economic

	

	
Investment costs, although diminishing;



	
Limited earning and money savings potential;



	
A risk of losing investments when moving out;



	
High costs of RES technology maintenance;



	
Uncertainty regarding operational costs;



	
Use of organic waste for energy generation provides economic benefits;



	
Lengthy investment payback periods;



	
High energy dependency on fossil fuels;



	
Regulations favoring fossil energy producers.









	
Administrative and Political

	

	
A lack of attention and resources from local authorities for RES promotion;



	
An unstable political support and changing policies;



	
High poverty and inequality;



	
Insufficient local community engagement;



	
Dependence on regional governments;



	
Low capabilities of community leaders;



	
A lack of incentives and underdeveloped business models for prosumption;



	
A lack of openness from technology vendors;



	
Prevalence of the “not in my backyard” (NIMBY) phenomenon;



	
Ineffectiveness of regional governance;



	
Resistance to RES penetration from mandatory regime actors.









	
Market

	

	
There is a substantial level of doubt and a shortage of confidence in RES technologies.



	
Consistent training is essential for the effective utilization of RES technology.



	
Incompatibility with “smart solutions” is a significant issue.



	
Apprehensions about the performance and dependability of RES systems persist.



	
Locating reliable information proves to be a challenging task.



	
The intricacy of utilizing and maintaining RES technology is a notable factor.



	
Rural communities lack the experience and knowledge required in this field.



	
The complexity of funding and subsidy programs adds to the complications.



	
Concerns arise regarding the privacy and security of data usage.



	
Worries exist about issues related to space and noise.



	
There is a valid concern about the potential harm to residences and landscapes.



	
Neighbors express dissatisfaction based on aesthetic considerations.









	
2023

Canada

	
Patel and Parkins

[33]

	
Economic

	

	
The initial investment costs of renewable electricity projects are excessively elevated.



	
The time required for renewable electricity projects to generate returns is overly extended.



	
The relatively low cost of electricity makes it challenging for renewable projects to produce adequate revenue or savings.



	
The ongoing operational and maintenance expenses associated with renewable electricity projects are deemed prohibitively high.



	
The planning, evaluation, and involvement in renewable electricity projects are considered too expensive.









	
Infrastructural

	

	
Renewable electricity initiatives pose excessive risks.



	
The state of renewable electricity technology and infrastructure is not sufficiently developed to be practical in our municipality.



	
The local and/or provincial electrical grid is inadequate for supporting a municipal renewable project.



	
Renewable projects compromise the scenic beauty of our municipality.



	
Renewable projects have the potential to harm the local wildlife.



	
Renewable projects generate noise and health-related issues.









	
Political

	

	
My municipality has primary objectives different from focusing on generating renewable electricity.



	
Provincial funding opportunities are highly competitive or unreliable.



	
The province is not inclined to back a local renewable electricity initiative.



	
The responsibility for developing renewable electricity generation does not fall within the municipal purview.



	
Municipal personnel lack the technical expertise to strategize for renewable electricity.



	
Anticipated community resistance to renewable energy infrastructure.



	
My municipality can lower its carbon emissions without engaging in renewable electricity development.



	
The town or city council is likely to object to a renewable energy project.













Source: authors’ own work based on [25,26,27,28,29,30,31,32,33].













 





Table 2. The strategies to overcome barriers in RES installation.
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	Barriers to RES Installation
	Strategies to Overcome Barriers





	1. Regulatory Challenges
	Harmonize EU-wide renewable energy regulations. Simplify and standardize permitting procedures. Promote regulatory predictability and stability.



	2. Lack of Financing
	Provide financial incentives and grants for RES projects. Establish green investment banks and funds for sustainable financing. Encourage public–private partnerships for project funding.



	3. Grid Integration
	Invest in advanced grid technologies and smart grids for RES integration. Upgrade transmission and distribution networks to handle intermittent energy sources. Implement demand response programs to balance supply and demand.



	4. NIMBYism (Not In My Backyard)
	Engage local communities through public consultations and education. Offer community ownership options in RES projects to share benefits. Mitigate environmental and visual impacts through innovative designs.



	5. Technological Innovation
	Allocate funding for research and development of next-gen RES technologies. Establish innovation hubs and clusters to accelerate technology advancement. Support technology transfer and collaboration with industry partners.



	6. Market Barriers
	Phase out fossil fuel subsidies gradually to reduce market distortions. Implement carbon pricing mechanisms, such as carbon taxes and cap-and-trade systems. Promote energy efficiency measures to reduce overall energy demand.



	7. Interconnection Issues
	Enhance cross-border energy infrastructure through EU projects and investments. Develop a common European electricity market to facilitate RES energy trading. Create a cooperative framework for balancing RES production and consumption.



	8. Public Resistance
	Conduct public awareness campaigns highlighting the environmental and economic benefits of RESs. Involve citizens in decision-making processes through participatory forums. Provide transparency regarding project planning and environmental assessments.



	9. Land Use Conflicts
	Implement zoning regulations that favor RES development in appropriate areas. Encourage the repurposing of degraded lands for RES projects. Promote mixed land use to reduce conflicts with agriculture and biodiversity conservation.



	10. Energy Storage Challenges
	Invest in energy storage research and development. Establish incentive programs for grid-scale and distributed energy storage solutions. Develop a strategic plan for integrating energy storage into the grid.



	11. Permitting and Licensing Delays
	Streamline and expedite permitting and licensing processes for RES projects. Create dedicated agencies or task forces to oversee approvals. Set clear timelines and benchmarks for permit reviews.







Source: authors’ own work based on [47,48,49,50,51,52,53,54,55,56,57,58,59,60].













 





Table 3. Barriers to the development of renewable energy and changes in the share of RESs in electricity consumption in the EU member states.
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	Country
	Spread of Administrative Barriers
	Spread of Grid Barriers
	Spread of Political Barriers
	Administrative Barrier Index
	Grid Barrier Index
	Political Barrier Index
	Change in Share of RESs in EE Consumption in 2004–2021 (p.p.)
	Change in Share of RESs in Gross Final Energy Consumption in 2004–2021 (p.p.)





	Austria
	3.35
	3.29
	3.40
	0.87
	0.95
	0.74
	14.56
	13.89



	Belgium
	3.33
	3.44
	3.20
	0.84
	0.94
	0.84
	24.30
	11.10



	Bulgaria
	2.80
	3.60
	2.86
	0.84
	0.95
	0.95
	10.43
	7.78



	Croatia
	3.00
	3.50
	n.d.
	0.87
	0.87
	n.d.
	18.44
	7.93



	Cyprus
	3.75
	n.d.
	3.75
	0.87
	n.d.
	0.87
	14.82
	15.35



	Czech Rep.
	3.33
	2.50
	3.40
	0.95
	0.76
	0.87
	10.85
	10.89



	Denmark
	3.13
	3.17
	2.50
	0.87
	0.76
	0.76
	38.89
	19.88



	Estonia
	3.29
	2.25
	2.67
	0.98
	0.76
	0.76
	28.79
	19.59



	Finland
	2.75
	3.00
	3.40
	0.85
	0.76
	0.83
	12.82
	13.86



	France
	3.09
	3.29
	5.00
	0.85
	0.76
	0.84
	11.23
	10.02



	Germany
	2.71
	2.80
	2.44
	0.84
	0.74
	0.86
	34.25
	12.96



	Greece
	3.17
	3.50
	3.00
	0.87
	0.98
	0.76
	28.09
	14.77



	Hungary
	3.80
	4.25
	4.80
	1.00
	1.00
	0.99
	11.44
	9.75



	Ireland
	3.63
	3.64
	4.20
	1.00
	0.86
	0.75
	30.37
	10.17



	Italy
	3.50
	3.50
	3.75
	0.87
	0.87
	0.95
	19.91
	12.72



	Latvia
	4.00
	4.00
	3.67
	0.95
	0.76
	0.87
	5.44
	9.31



	Lithuania
	3.22
	3.00
	3.25
	0.96
	0.75
	0.96
	17.69
	11.01



	Luxembourg
	3.00
	3.00
	3.00
	0.75
	0.86
	0.65
	11.45
	10.84



	Malta
	3.83
	3.33
	n.d.
	0.97
	0.86
	n.d.
	9.66
	12.05



	The Netherlands
	2.90
	2.50
	3.43
	0.74
	0.74
	0.86
	25.95
	10.97



	Poland
	2.89
	2.83
	3.27
	1.00
	0.65
	0.87
	15.12
	8.74



	Portugal
	3.32
	2.50
	5.00
	0.97
	0.65
	0.85
	31.04
	14.78



	Romania
	4.00
	2.67
	3.60
	0.88
	0.77
	0.99
	14.06
	6.79



	Slovakia
	2.75
	3.00
	4.00
	0.88
	0.77
	0.66
	6.97
	11.02



	Slovenia
	2.75
	3.00
	4.00
	0.88
	0.77
	0.66
	5.71
	6.60



	Spain
	3.90
	3.50
	3.60
	0.86
	0.84
	0.74
	26.94
	12.38



	Sweden
	3.45
	3.33
	5.00
	0.86
	0.75
	0.84
	24.51
	24.15



	Average
	3.28
	3.17
	3.61
	0.89
	0.81
	0.83
	18.66
	12.20







Scale of the spread of barriers is valued 1.0–5.0; index of barriers is valued 0.0–1.0 ([22] (pp. 68–69)). Abbreviations: p.p.—percentage points; EE—electricity; RES—renewable energy sources; n.d.—no data available. Source: [22]; calculations based on [14].













 





Table 4. Correlation between RES development barriers and the change in the share of RESs in energy consumption in the EU.
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	Indicator
	Spread of Administrative Barriers
	Spread of Grid Barriers
	Spread of Political Barriers
	Administrative Barrier Index
	Grid Barrier Index
	Political Barrier Index





	Share of RESs in EE consumption in 2021 (in %)
	−0.19
	−0.11
	−0.12
	−0.59
	0.02
	−0.31



	Change in share of RESs in EE consumption in 2004–2021 (in p.p.)
	−0.04
	−0.21
	−0.24
	−0.05
	−0.12
	−0.07










 





Table 5. Changes in the market economic environment and in renewable electricity production capacities in EU member states in 2004–2021.
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	Country
	Change in GDP per Capita (in %)
	Change in HDI (in %)
	Change in RES Production Capacity (p.p.)
	Overcapacity in the Renewable Electricity Market in 2021 (%) (Standard Deviation in 2004–2021)





	Austria
	11.30
	3.39
	10.92
	14.69 (3.32)



	Belgium
	13.81
	4.11
	59.60
	46.30 (11.87)



	Bulgaria
	79.59
	5.16
	25.07
	30.10 (4.27)



	Croatia
	36.60
	7.79
	−26.26
	20.27 (11.14)



	Cyprus
	14.26
	7.95
	26.55
	11.73 (3.68)



	Czech Rep.
	40.34
	6.34
	14.71
	15.36 (1.67)



	Denmark
	16.59
	4.64
	45.42
	15.04 (2.32)



	Estonia
	62.69
	7.75
	47.97
	19.45 (5.61)



	Finland
	11.51
	4.21
	27.02
	21.43 (4.08)



	France
	8.12
	5.24
	23.04
	21.89 (3.88)



	Germany
	20.90
	3.06
	36.50
	19.42 (2.77)



	Greece
	−14.51
	5.22
	32.31
	26.10 (1.64)



	Hungary
	44.01
	5.62
	37.02
	26.56 (7.20)



	Ireland
	88.82
	7.26
	32.95
	12.17 (1.75)



	Italy
	−4.49
	3.47
	31.40
	26.38 (3.24)



	Latvia
	76.84
	8.01
	−11.14
	11.43 (9.85)



	Lithuania
	103.85
	8.16
	41.43
	35.61 (7.60)



	Luxembourg
	7.41
	5.44
	34.95
	95.72 (11.64)



	Malta
	64.80
	11.27
	35.65
	25.99 (8.71)



	The Netherlands
	18.01
	4.91
	78.20
	56.81 (14.87)



	Poland
	89.93
	8.28
	34.43
	25.21 (5.17)



	Portugal
	9.45
	7.58
	30.79
	22.35 (3.76)



	Romania
	93.36
	10.65
	32.54
	27.03 (5.83)



	Slovakia
	73.18
	6.80
	19.02
	30.16 (3.91)



	Slovenia
	33.52
	6.13
	18.68
	19.47 (5.07)



	Spain
	1.87
	7.23
	19.76
	17.10 (2.89)



	Sweden
	22.11
	5.22
	21.38
	3.05 (2.99)







Abbreviations: p.p. means percentage points. Source: own calculations based on [14,71,72,73].













 





Table 6. The correlation between market economic environment factors and the share of RESs in energy consumption in EU member states in 2004–2021.
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	Country
	GDP per Capita
	HDI
	Overcapacity in the Renewable Market





	Austria
	0.7650
	0.9196
	−0.7450



	Belgium
	0.8401
	0.9552
	0.9875



	Bulgaria
	0.8890
	0.8930
	0.6618



	Croatia
	0.6731
	0.9343
	−0.4086



	Cyprus
	0.1008
	0.9001
	0.9514



	Czech Rep.
	0.8010
	0.9472
	0.4232



	Denmark
	0.7610
	0.9705
	0.0114



	Estonia
	0.8220
	0.9113
	0.7400



	Finland
	0.4563
	0.9464
	0.8602



	France
	0.6495
	0.9149
	0.9538



	Germany
	0.9275
	0.9599
	0.0901



	Greece
	−0.7853
	0.9091
	0.1680



	Hungary
	0.8499
	0.8366
	0.9213



	Ireland
	0.8510
	0.9805
	−0.1048



	Italy
	−0.7752
	0.8318
	0.4675



	Latvia
	0.7063
	0.8420
	−0.9409



	Lithuania
	0.9544
	0.9564
	0.9321



	Luxembourg
	0.1122
	0.7300
	0.8388



	Malta
	0.9510
	0.9442
	0.9854



	The Netherlands
	0.7694
	0.7582
	0.9742



	Poland
	0.9535
	0.9730
	0.8056



	Portugal
	0.3403
	0.9758
	−0.6290



	Romania
	0.8478
	0.7413
	0.8069



	Slovakia
	0.8999
	0.8986
	0.8640



	Slovenia
	0.4663
	0.7555
	0.6744



	Spain
	−0.1800
	0.9230
	−0.8069



	Sweden
	0.8837
	0.9224
	−0.7807







In red, relationships that are statistically insignificant have been marked (α = 0.05). Source: own calculations based on [71,72,73].













 





Table 7. The results of multiple regression analysis for market economic environment factors in EU member states in 2004–2021 (dependent variable: share of RESs in energy consumption).
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	Country
	R
	GDP per Capita
	HDI
	Overcapacity in the Renewable Market





	Austria
	0.9150
	-
	b = 0.9150; p = 0.0000
	-



	Belgium
	0.9875
	-
	-
	b = 0.9875; p = 0.0000



	Bulgaria
	0.9655
	b = 0.6386; p = 0.0003
	b = 0.7780; p = 0.0001
	b = −0.4992; p = 0.0024



	Croatia
	0.9549
	-
	b = 1.0843; p = 0.0000
	b = 0.2477; p = 0.0213



	Cyprus
	0.9514
	-
	-
	b = 0.9514; p = 0.0000



	Czech Rep.
	0.9472
	-
	b = 0.9472; p = 0.0000
	-



	Denmark
	0.9705
	-
	b = 0.9705; p = 0.0000
	-



	Estonia
	0.9113
	-
	b = 0.9113; p = 0.0000
	-



	Finland
	0.9697
	-
	b = 0.6955; p = 0.0000
	b = 0.3279; p = 0.0044



	France
	0.9538
	-
	-
	b = 0.9538; p = 0.0000



	Germany
	0.9795
	-
	b = 1.0188; p = 0.0000
	b = −0.2041; p = 0.0019



	Greece
	0.9091
	-
	b = 0.9091; p = 0.0000
	-



	Hungary
	0.9776
	b = −0.6084; p = 0.0044
	b = 0.5613; p = 0.0000
	b = 1.0890; p = 0.0000



	Ireland
	0.9805
	-
	b = 0.9805; p = 0.0000
	-



	Italy
	0.9300
	b = −0.4799; p = 0.0005
	b = 0.5926; p = 0.0001
	-



	Latvia
	0.9409
	-
	-
	b = −0.9409; p = 0.0000



	Lithuania
	0.9564
	-
	b = 0.9564; p = 0.0000
	-



	Luxembourg
	0.8388
	-
	-
	b = 0.8388; p = 0.0000



	Malta
	0.9854
	-
	-
	b = 0.9854; p = 0.0000



	The Netherlands
	0.9800
	-
	b = 0.1496; p = 0.0548
	b = 0.8695; p = 0.0000



	Poland
	0.9864
	-
	b = 0.8097; p = 0.0000
	b = 0.2298; p = 0.0017



	Portugal
	0.9946
	b = −0.2253; p = 0.0000
	b = 1.0924; p = 0.0000
	-



	Romania
	0.8478
	b = 0.8478; p = 0.0000
	-
	-



	Slovakia
	0.8999
	b = 0.8999; p = 0.0000
	-
	-



	Slovenia
	0.7555
	-
	b = 0.7555; p = 0.0002
	-



	Spain
	0.9864
	b = −0.3532; p = 0.0000
	b = 0.9852; p = 0.0000
	-



	Sweden
	0.9615
	b = 0.6553; p = 0.0000
	-
	b = −0.4424; p = 0.0001







Abbreviations: b—coefficient, p—p-value. Source: own calculations based on [71,72,73].













 





Table 8. Summary of the results of the analysis of the impact of factors/barriers on the development of RESs in EU member states.
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	Country
	Administrative Barriers
	Grid Barriers
	Political Barriers
	GDP per Capita
	HDI
	Overcapacity in the Renewable Market





	Austria
	++++
	+++++
	+++
	
	+++++
	



	Belgium
	++++
	+++++
	++++
	
	
	+++++



	Bulgaria
	++++
	+++++
	+++++
	+++
	+++
	++



	Croatia
	++++
	++++
	n.d.
	
	+++++
	+



	Cyprus
	++++
	n.d.
	++++
	
	
	+++++



	Czech Rep.
	+++++
	+++
	++++
	
	+++++
	



	Denmark
	++++
	+++
	+++
	
	+++++
	



	Estonia
	+++++
	+++
	+++
	
	+++++
	



	Finland
	++++
	+++
	+++