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Abstract

:

The deployment of renewable energy at the local level can contribute significantly to mitigating climate change, improving energy security and increasing social, economic and environmental benefits. In many countries local authorities play an important role in the local development, but renewable energy deployment is not an obligatory task for them. Hence there are two research questions: (1) Do local governments think investments in renewable energy (RE) are urgent and affordable within the local budgets? (2) How do they react to the public aid co-financing investments in renewable energy? To provide the answer we performed qualitative analysis and non-parametric tests of data from a survey of 252 local authorities, analysis of 292 strategies of local development and datasets of 1170 renewable energy projects co-financed by EU funds under operational programs 2007–2013 and 2014–2020 in Poland. Findings showed that local authorities’ attitudes were rather careful, caused by financial constraints of local budgets and the scope of obligatory tasks, which made renewable energy investments not the most urgent. Public aid was a factor significantly affecting local authorities’ behavior. It triggered local authorities’ renewable energy initiatives, increasing the number and scope of renewable energy investments as well cooperation with other municipalities and local communities. Despite this general trend, there were also considerable regional differences in local authorities’ renewable energy behavior.
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1. Introduction


Do local governments think investments in renewable energy are urgent and affordable within the local budgets? How do they react to the public aid co-financing investments in renewable energy? The crucial and still growing role of renewable energy sources in meeting the urgent need of mitigating climate change, improving energy security and increasing social, economic and environmental benefits has been well recognised and acknowledged [1,2,3,4,5,6]. Despite all the drawbacks of fossil fuel energy use and benefits of renewable energy (RE), the deployment of renewable energy happens neither on its own nor fast enough [7,8,9]. It needs to be policy-driven [10,11,12,13,14], supported by adequate legal regulations, international and national strategies, and public aid and incentives [15,16,17,18,19] addressed to relevant beneficiaries. Local governments are considered very important entities in the process of increasing renewable energy production and use at the local level, in many economic, social and political contexts. However, the literature lacks cohesive conclusions on the renewable energy attitudes and behavior of local governments in Poland. This study aims to fill this gap.




2. Literature Review


The European Union began to build its policy framework for renewable energy in 1997 with the White Paper for a Community Strategy and Action Plan Energy for the future: Renewable sources of energy [20], setting basis for the policy on renewable energy. The policy has significantly evolved afterwards [21,22,23,24,25,26]. The recent legal framework for the promotion of renewable energy sources until 2020 was laid down in directive adopted in 2009 [27], while renewable energy production and consumption goals until 2030 are set in the Regulation on the Governance of the Energy Union and Climate Action (EU) 2018/1999 [28], for the EU as a whole and for its individual member states [29].



To promote renewable energy and thus achieve climate goals, the EU applies Cohesion policy instruments, including structural and cohesion funds. They are said to be the most important funding sources for promoting renewable energy among the EU spending programmes, of continusly increasing value—from only 600 million euro during the 2000–2006 programming period, through approximately 4.7 billion euro in the 2007–2013, up to 27 billion euro in 2014–2020 [30]. The EU policy is based on the already well verified assumption that decarbonisation requires solutions at all levels of governance and collaboration—global, regional, national and especially local [31,32,33,34,35,36,37].



The focus on the deployment of renewable energy at the local level results from its positive impact on local communities, economies and environment. Renewable energy production and use provide new job opportunities [38,39,40], cause income generation, diversification of economic activities, use of endogenous resources [41], contribute to satisfying local energy demands [42,43], are drivers of economic recovery in peripheral or remote areas [44,45,46] and drivers of relevant business opportunities in large metropolitan areas [47]. Renewable energy enables transfer to community-owned energy sources [48,49], decentralisation of energy production and supplies [50,51], even local and regional energy autarky [52,53,54,55]. Renewable energy can cause such externalities as positive health effects [56]. However, achieving these benefits requires social capital [57] and the involvement of local actors. Local authorities are of particular significance in this process.



Many studies, providing insight into different political, economic and administrative backgrounds argue that local authorities can play a key role in promoting renewable energy production and use [58,59,60,61,62]. Local authorities can initiate, invest, produce and be the end users of renewable energy [63,64,65,66]. Due to the importance of renewable energy the EU addresses its structural funds also to potential beneficiaries who can invest in renewable energy. Local authorities implement some of the state’s tasks on a local scale because they have the best knowledge of local factors and development conditions as well as of the needs of local communities. This enables a more accurate adjustment of the supply of public goods and services to local demand. Such approach is in line with the principle of subsidiarity enforced in the cohesion policy of the EU [67]. It orders the decentralization of activities and the delegation of decision-making and executive powers to the lowest possible level of administration, capable of implementing them, in order to ensure the most effective use of public funds. The principle of subsidiarity is anchored in Art. 4, Section 3 of the European Charter of Local Self-Government [68]. Despite this general rule, local authorities in individual member states of the EU have different obligatory and facultative tasks to perform, as well as different measures to obtain their goals. Thus they also play different roles in supporting renewable energy deployment at the local level.



In the Polish legal system, there are currently three main statutory acts that directly regulate the production and use of renewable energy. These are: the Act of April 10, 1997 Energy Law [69], the Act of 20 February 2015 on renewable energy sources [70], and the Act of 20 May 2016 on investments in wind farms [71]. The Act of 20 February 2015 on renewable energy sources defines renewable energy sources as renewable, non-fossil energy sources, including wind energy, energy solar radiation, aerothermal energy, geothermal energy, hydrothermal energy, hydropower, wave, current and tidal energy, energy obtained from biomass, biogas, agricultural biogas and bioliquids. The Energy Law Act specifies, among other, the development of the use of renewable energy installations and provides for certain tasks and competences of administrators, also in relation to local authorities (Articles 17–19 of the EPA). According to Polish law local authorities in Poland are to create and implement the development policy and monitor its effects, using the instruments available and effective in the given conditions [72]. They can support the deployment of renewable energy within their own public tasks, in order to meet the needs of the local community, as pursuant to the Act of 8 March 1990 on the commune self-government [73], art. 7 sec. 1, they are responsible for ‘meeting the collective needs of the community’. Electricity, heat and gas supplies are mentioned expressis verbis among the tasks of the local government.



In Poland, local authorities of municipalities (called in Polish ‘gmina’ and classified by the European Union as lower LAUs [74]) which are the basic local government unit, can play a special role on the energy market and in the field of renewable energy sources. On one hand, they can independently create energy through their own activities, and on the other hand, they can support the development of energy in their area, due to the applicable regulations [75]. According to some authors [76], a commune and its local authority may act as ‘an energy user and a participant in the competitive energy market, as a local energy regulator, as an investor and producer of energy, and as an entity responsible for planning and financing the lighting of public places and roads within its area’. It should be stressed however, that Polish law does not give local authorities too many tools to effectively stimulate the development of renewable energy. The law does not introduce a transparent system of tasks of competences of the administrative entities, in particular in case of the local government [77]. Summing up, Polish local authorities are allowed to, but do not have to support renewable energy.



The European Union structural and cohesion funds allocated in eligible member states in consequent budget perspectives under operational programmes of regional policy were to suport member states also in deploying renewable energy and in achieving overall national targets in this field [78]. In 2007–2013 EU funds co-financing renewable energy investments were available in Poland from the Operational Program Infrastructure and Environment 2007–2013, which received the highest EU funding for any operational program in the history of the EU regional and cohesion policy and from 16 regional operational programs [79]. In financial perspective of 2014–2020 renewable energy projects were supported by EU funds under 16 regional operational programmes. In both these financial perspectives EU funds for renewable energy projects have been addressed to many groups of potential beneficiaries, including local governments.



The review of literature provides theoretical assumptions on the role of local governments in deployment of renewable energy, while the European Union and national legal frameworks together with the EU financial support give local governments opportunities to actively participate in renewable energy deployment. Despite all the above, the literature lacks a broader insight into renewable energy attitudes of local governments in Poland. It also lacks comparative analysis of local governments behavior related to the deployment of renewable energy, supported by EU funds in 2007–2013 and 2014–2020 financial perspectives. The aim of this study is to fill in this gap.




3. Materials and Methods


The main aim of the study was to answer the following research questions on the attitudes and behavior of local governments: (1) Do local governments think investments in renewable energy are urgent and affordable within the local budgets? (2) How do they react to the public aid co-financing investments in renewable energy? To answer these questions, the study was based on qualitative and quantitative data analyses.



The attitudes of local governments to renewable energy investments were analysed based on the answers to the first research questions, i.e., whether local governments think that investments in renewable energy are urgent and affordable within the local budgets. The data used to answer these questions came from two sources: (i) a survey of local governments of municipalities of Mazovian Voivodship and (ii) a qualitative analysis of data obtained from the strategies of development of municipalities of Mazovian Voivodship. Both analyses were carried out for the municipalities of Mazovian, which is currently NUTS 1 by Eurostat [80]. It was selected for the survey, as it is the largest voivodship in Poland, both in terms of population and the area. At the same time it is a voivodship with the biggest number of municipalities and consequently the largest number of local governments, which are a subject of this research. As the local governments have been functioning within the borders of the same region, they have been addressees of the same regional operational programmes for 2007–2013 and 2014–2020. On the other hand, municipalities of Mazovian Voivodship represent very different types concerning population, population density, total annual budget revenues, rural-urban categories, etc. All these give rationale for the studying the attitudes of local governments to renewable energy investments based on municipalities of Mazovian Voivodship.



The survey questionnaire was sent by mail to governments of all 314 municipalities of Mazovian Voivodship in 2017. The response rate reached 62%. The questionnaire included questions that were compiled to avoid suggesting any answers. The respondents were asked: (i) what investments, that could be carried out by the self-government, were most urgent? (ii) what investments were necessary to improve the quality of natural environment in the municipality? (iii) how they assessed the quality of natural environment in the municipality? (iv) what were the biggest obstacles in supporting the development of the municipalities by local governments?



Strategies of local development of 292 municipalities of Mazovian Voivodship were another source of qualitative data used for the investigation into the attitudes of local self-governments to renewable energy investments. The strategies were retrieved from the websites of municipalities between 3 January 2021 and 20 January 2021. Based on these, we studied 93% of all 314 municipalities of this voivodship. Strategies of local development for the remaining 22 municipalities were not available. In Poland, pursuant to the Act of 8 March 1990 on the municipality government [73], the municipality may develop a development strategy. Although strategies are not obligatory, they are a great help in effective acquisition of funds from European funds and other external sources, including funds for the development of energy from renewable sources.



The retrieved strategies were analysed to find answer to the following, set a priori, research questions: (i) does the strategy include any plans for renewable energy investments? (ii) If so, is the type of renewable energy investment defined? (iii) What type is it (solar, wind, biomass etc.), if defined? (iv) Is the source of financing for renewable energy investments indicated (domestic, EU etc.)? (v) Are the conditions for renewable energy investments favorable in the municipality? (vi) If so, what kind of renewable energy investments are the conditions good for?



The behaviour of local self-governments in the field of renewable energy was analyzed based on qualitative and quantitative data on projects (investments) in renewable energy made by all municipalities in Poland under the 2007–2013 and 2014–2020 operational programs co-financed by the European Union funds (Table 1).



The TERYT codes, names and types of administrative units, as well as addresses and codes of municipality offices were used to verify, complete and merge the datasets, as well as to carry out data curation. To analyze qualitative data we used standard qualitative analysis tools [81,82,83].



To analyse quantitative data we first applied selected methods of descriptive statistics and tested the distribution of quantitative variables using Kolmogorov-Smirnov test. As the results showed that the distribution of the majority of variables is non-normal, the further analysis was performed using non-parametric tests, including and Kruskal-Wallis H test, Mann-Whitney U test together with Wilcoxon rank-sum test and Wilcoxon signed-rank test (Table 2). We applied these non-parametric tests as they are appropriate to obtain answers to our research questions based on variables of non-normal distribution.



We looked into relations between various qualitative and quantitative features of objects assigned to one category (intra-case analysis) and attempted to define relations between different categories selected from the research sample (cross-case analysis) [91].




4. Results


4.1. The Attitudes of Local Governments to Renewable Energy Investments


The first part of the study on attitudes of local governments to renewable energy investments was based on the analysis of 292 local development strategies, retrieved from the websites of the municipalities in 2021. Therefore, the qualitative data set contains qualitative information on 93% of all municipalities of Mazovian Voivodship.



The findings show that 85% of local governments declared the deployment of renewable energy. The types of renewable energy sources were indicated in 53.5% of the analyzed strategies. Other strategies contained only general information, emphasizing that renewable, also called alternative or ecological, energy sources should be deployed.



Among the 248 municipalities which accentuated the need to develop particular types of renewable energy, many referred to several different renewable energy sources at the same time. As many as 94.7% of them pointed out deployment of solar renewable energy, which is the most widespread renewable energy source in Poland, used for electricity production and heating purposes. Since solar energy is processed with the use of solar collectors and photovoltaic panels, 72.3% of the analysed strategies declared installation of solar collectors, and 22.3% photovoltaic panels.



Biomass and its particular types were indicated in 68.1% of strategies, which articulated the need to deploy renewable energy. Biomass consists of products, waste or residues from forest and agricultural production, which are biodegradable. It can also be biogas and some fractions of municipal and industrial waste. So, in 50% of strategies local authorities stated that biomass is in general important as renewable energy sources, sometimes also biogas (6.4%), energy plants (7.4%) or a specific type of an energy plant, i.g. willow (4.3%).



Referring to the source of renewable energy, 40.4% of analyzed strategies declared investments in wind energy, 20.2% use of heat pumps, and 17% geothermal energy. In addition, biofuels were mentioned in 16.0% of them. No strategy involved the analysis or description of conditions for renewable energy investments. No strategy defined what funds will be used to cover the costs of investments in renewable energy, although SWOT (strengths, weaknesses, opportunities, and threats) analyses of nearly all of them stated that the possibility of obtaining EU funding is a vital development opportunity.



In the next stage, the study on attitudes of local self-governments to renewable energy investments was based on qualitative datasets obtained from a survey of local governments carried out in 2017. The response rate at the level of 62% provided answers of 195 local authorities. When asked about the most urgent investments in general, only 18% of respondents indicated renewable energy projects. However, they listed investments in renewable energy together with other urgent projects, such as construction or modernisation of roads, sewage systems, water system, support for home sewage system plants, and less of them together with water treatment plants and landfills. Other respondents (82%) listed only road, water supply and treatment, sewage and landfill investments as urgent.



Next, the respondents assessed the quality of the natural environment: 2% as very bad, 13% as bad, 56% as good and 29% as very good. Answering the question on investments necessary to improve the quality of natural environment in the municipality, 18% of respondents indicated renewable energy projects. However, most of them did not list the renewable energy projects as the most urgent for their municipality answering the earlier question. Cross-tabulation of so-far findings showed that all self-governments that listed investments in renewable energy as very urgent assessed the quality of natural environment in their municipalities either as good (61%) or very good (39%). Interestingly enough, none of those who listed investments in renewable energy as very urgent assessed the quality of natural environment as bad or very bad.



All respondents pointed at the lack of funding as the biggest obstacle in supporting the development of municipalities, both those who considered investments in renewable energy project as urgent, and those who did not.




4.2. Local Governments’ Renewable Energy Investments under Operational Programs 2007–2013 and 2014–2020


According to the assumptions of this study, the behaviour of local authorities was assessed based on their investments in renewable energy under operational programs 2007–2013 and 2014–2020, shown in SIMIK database for 2007–2013 (2015) financial perspective and in SL 2014 database for 2014–2020, as a still on-going financial perspective due to n + 2 rule.



Over the analysed time local governments became more and more active in investing in renewable energy co-financed by the EU funds under operational programmes. In 2014–2020 compared to 2007–2013 there was a nearly threefold increase in the number of municipalities in Poland that carried out investments in renewable energy. In 2007–2013 it was 9.2% out of all 2479 municipalities in Poland, while in 2014–2020 it was 636 municipalities making 25.6% of all municipalities in the country (Table 3). Investigating rural-urban differences in the behaviour of local authorities we applied classification by the degree of urbanization (DEGURBA). The findings show that in 2007–2013 the shares of cities, towns and suburbs as well as rural municipalities, investing in renewable energy, were quite similar, respectively 11%, 10% and 9%. In 2014–2020 these shares doubled for cities and towns and suburbs, as 20% of each of these groups invested in renewable energy. But rural municipalities became even more active. The share of rural municipalities who invested in renewable energy almost tripled in 2014–2020 compared to 2007–2013.



The increased activity of local governments in deploying renewable energy was also proved by the fact that more and more of them carried out more than only one project. Although in 2007–2013 only 11% of municipalities carried out two projects and 1.7% municipalities three projects, in 2014–2020 the group of municipalities that carried out two and three projects increased significantly, up to 23.4% and 6.9% respectively. Moreover some of municipalities carried out four, six or even nine projects (1.2%; 0.2%; 0.2%, respectively). The increased activity of 111 local governments also shows in carrying out renewable energy investments co-financed by EU funds under operational programmes of both financial perspectives.



The increasing activity of local governments in deploying renewable energy was reflected in much higher mean total value of renewable energy projects carried out in 2014–2020 (Table 4), proving their bigger extent. This effect occurred most strongly in case of cities, which in 2014–2020 invested on average 10 mln Polish zloties more in each renewable energy project than in 2007–2013. Rural municipalities invested on average 2.2 mln more, which was the least increase, however they tripled the number of renewable energy projects as mentioned before.



The projects used mainly solar power and their share increased from 80% to 95%. Other sources of renewable energy were less popular and their share even decreased: in case of projects using hydro-, geothermal and other renewable energy sources from 14% to 3% and in case of biomass from 5% to 1%. Wind renewable energy projects made less than 1% of all renewable energy investments by municipalities. The investments resulted in modernization of heating systems for public buildings, installation of water heating systems for swimming pools, installation of economic lighting of municipal roads and squares, including hybrid lighting, biomass boiler networks together with the installation of solar collectors, installation of photovoltaics, Uniejów thermal baths.



The behavior of local authorities changed positively considering the collaboration in renewable energy projects. During the first financial perspective a prevailing majority of projects (96%) was carried out by individual municipalities, only 4% of projects were carried out in collaboration at that time. This has changed during the on-going financial perspective as 28.7% of projects were carried out in collaboration between from two to 10 municipalities, and in one case even by 41 municipalities. Analysis of qualitative data shows that investing in renewable energy municipalities collaborated with other municipalities listed as partners, and with local residents mentioned in the descriptions of projects.



In case of projects carried out in collaboration, only one municipality was registered in adequate databases as the beneficiary, which significantly influences the interpretation of data on the number of beneficiaries and the number of renewable energy projects locations, shown in Figure 1 for the financial perspective 2007–2013 and in Figure 2 for 2014–2020.



The increased collaboration means that there are more municipalities, actual beneficiaries of EU funding for renewable energy projects, than those shown in databases as ‘leading beneficiaries’.



There are significant regional differences in the behavior of local authorities in the field of renewable energy investments under operational programs. More renewable energy projects were carried out in Podlaskie and Lubelskie Voivodships of Eastern Poland starting from 2007–2013, and the largest increase was also noted in those two regions. However, the number of renewable energy projects carried out by local governments also increased in regions of southern and northern parts of the country. Local governments of central regions were moderately active, and those in eastern Poland the least active in carrying out renewable energy projects co-financed by EU funds.



In both financial perspectives the renewable energy projects were co-financed by EU funds from the European Regional Development Fund. In 2007–2013 local authorities obtained these funds from the Operational Programme Infrastructure and Environment 2007–2013 (OPIE), which received the highest EU funding for any operational program in the history of EU regional and cohesion policy and from 16 regional operational programmes. In 2014–2020 the EU funds were obtained from 16 regional operational programmes. We tested whether the type of municipalities affected the total value of renewable energy projects and the share of EU funds in the total value of renewable energy projects using Kruskal-Wallis test (Table 5). The results show that the total value of renewable energy projects was not significantly affected by the types of municipalities in 2007–2013, but it was significantly affected in 2014–2020. The shares of EU funds in the total value of renewable energy projects were significantly affected by the types of municipalities neither in 2007–2013 nor in 2014–2020.



To investigate whether the total value, the value of European Union funds and their share in the total value of renewable energy projects differed significantly between cities, towns and suburbs, and rural municipalities in the consecutive financial perspectives, we ran Mann-Whitney tests, and Wilcoxon rank-sum test (Table 6), illustrated with descriptive statistics for these variables in (Table 3 and Table 4).



Based on the results shown in Table 4 we conclude that these variables for cities (1) did not differ significantly from those for towns and suburbs (2), both in 2007–2013 and in 2014–2020. Most of the analyzed variables describing renewable energy projects by cities (1) did not differ significantly from those describing this kind of projects by rural municipalities (3). There are only two exceptions. The first is that the value of EU funds for the analyzed projects by cities was significantly different from that obtained for projects by rural municipalities in 2014–2020. The second is that the share of EU funds in the total value of renewable energy projects carried out by the cities was significantly different from the share of EU funds in the total value of renewable energy projects carried out by rural municipalities in 2007–2013.



Some significant differences appeared between rural municipalities and those classified as towns and suburbs in the two financial perspectives. The total value of renewable energy projects carried by towns and suburbs was significantly different from that obtained by rural municipalities in 2007–2013 and similarly in 2014–2020. Alike in case of cities and rural municipalities, in 2014–2020 the value of EU funds for renewable energy projects by towns and suburbs was significantly different from that obtained by rural municipalities.



We tested whether the total value, the value of EU funding and the share of EU funding in the total value varied in the analyzed two financial perspectives using a Wilcoxon signed-rank test (Table 7). Its results show, that both the total value of projects and the value of EU funds were higher in 2014–2020 than in 2007–2013, while the share of EU funds in the total value of renewable energy projects decreased in 2014–2020, which is explained by the fact that the increase in total value was higher than the increase in the value of EU funds.





5. Discussion


Local authorities of 85% of the analyzed municipalities declared deployment of renewable energy in their municipalities as one of the aims of development strategies. However, the strategies themselves contained rather general information on the type of renewable energy that could be used. Additionally, none of the strategies involved analysis of the conditions for renewable energy development or the sources of funds for such investments. It shows that, although the strategies can be an important instrument of encouraging renewable energy development at the local and regional level in other countries [92,93,94,95], they are not used this way in Poland yet.



Although such a large share of local authorities declares deployment of renewable energy, many less of them find it the most urgent need. Knowing the local conditions and being obliged by the law to perform obligatory tasks, local authorities indicate construction or modernisation of roads, sewage systems, water system, support for home sewage system plants, and less of them together with water treatment plants and landfills as the most urgent. This hierarchy is also caused by local budgets constraints that do not allow local authorities to extend their investments beyond the obligatory tasks. These obstacles in developing renewable energy are also observed in other countries [96,97,98]. Referring to this problem, local authorities pointed at EU funds as a crucial factor moderating budget constraints. This is in line with many studies which prove that the success in introducing renewable energy largely depends on public aid [13].



Findings of our study prove that there is a substantial progress in the number and scope of investments in renewable energy carried out by local authorities in Poland under operational programmes 2007–2013 and 2014–2020. Taking into consideration rural-urban classification of municipalities, the cities, towns and suburbs doubled their renewable energy projects co-financed by the EU funds, while rural municipalities even tripled them. This is an important outcome as renewable energy is said to be an under-utilised resource both in urban and rural areas [99,100,101]. The increase in the intensity of renewable energy projects is reflected also by the fact that during 2014–2020 more communities carried out more than 1 renewable energy project.



In both analysed financial perspectives there were more renewable energy investments in the north and east of Poland. The numerous renewable energy projects in voivodships of Eastern Poland confirm that smaller and more remote communities may be more willing to deploy renewable energy [102], as regions of Eastern Poland are among the poorest in the EU.



During 2014–2020 there was a more widespread collaboration between local authorities and between local authorities and residents in carrying out renewable energy projects. The collaboration with the local population may increase their acceptance and support for developing renewable energy sources. Local acceptance is recognised as one of the main determinants of deploying renewable energy at the local level and transition towards decentralized energy systems and achieving regional energy self-sufficiency [32,45,103,104]. Mutual projects carried out by local authorities and municipality residents can have an added value. They may enable to ‘experience benefits’ and start a ‘local participatory process’ [105], by encouraging others to benefit from renewable energy and increase their support and commitment to renewable energy development. This is important as resistance or unwillingness of local population to new energy infrastructure may cause conflicts [106] and hinder achieving the EU goals [107]. None of the projects showed collaboration between local authorities and university, industry, or government, which could be favorable to increase renewable energy at local level [108].



Renewable energy projects carried out by communities used mainly sun renewable energy, which is the most easily accessible and relatively least controversial. The effects of projects improved energy efficiency of public buildings and public utilities, as well as family homes in case of projects carried out in collaboration with residents. Such effects are also observed in other countries [109]. The effects improved the quality of life which is are considered success factors in case of renewable energy projects carried out by local governments [104].



The use of EU funding (international aid) by local authorities proves that multilevel governance is effective and necessary to achieve the renewable energy and consequently sustainable development goals [110].




6. Limitations


As the study is based on a survey carried out in one of Polish regions and on the data for the EU supported projects, we think there may be two limitations to it. We sent the survey to all municipalities in Mazovian Voivodship and we achieved response rate of 62% for this largest region in Poland. However, local governments in other regions were not surveyed and their opinions may be different.



The other limitation may result from the fact that findings on the analysed effects of projects under operational programs tell an important, but possibly not the whole story on the behaviour of local governments towards renewable energy investments. Other sources of financing for such investments can be available to some local governments and used by them. Thus other studies should look into this matter.




7. Conclusions


According to the law, deployment of renewable energy is not an obligatory task for Polish local authorities. However, they are allowed to support its development. Based on the findings we claim that a majority of local authorities declare deployment of renewable energy as one of goals in the strategies of local development, but they do not perceive it the most urgent matter. In local governments’ experience the catalogue of obligatory tasks together with budget constraints make renewable energy deployment less feasible and less urgent. Thus we conclude that the careful declarations on renewable energy deployment reflecting local authorities’ attitudes are caused by the awareness of financial (dis)abilities of local budgets. However, possibilities of obtaining public aid, here EU funds, are a stimulus affecting local authorities’ behaviour positively, resulting in the increasing number and scope of investments in renewable energy between consecutive financial perspectives.



There were significant differences in the number of local governments’ renewable energy investments carried out in the regions of Western and Eastern Poland, but there were no regional differences in the sources—a prevailing majority of the analyzed projects used sun renewable energy. As many projects were carried out jointly by either different local governments or by local governments and residents, they improved energy efficiency of not only public buildings and public utilities, but also family homes. So it is recommended to promote such practices and achieved benefits of local collaboration to start or strengthen participatory processes in more local communities.



Drawing up on the findings and discussion, it is recommended that more public aid should be addressed to co-finance renewable energy projects carried out by local authorities. The principles of co-financing should be evidence-based and should promote practices that are best in a given social, economic and environmental context. Thus, further research into the attitudes and behaviour of local authorities and other actors should be carried out to provide a basis for multilevel decisions on the deployment of renewable energy.
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Figure 1. Location of renewable energy projects carried out by local authorities under operational programs 2007–2013, by the source of renewable energy. 
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Figure 2. Location of renewable energy projects carried out by local authorities under operational programs 2014–2020 by the source of renewable energy. 
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Table 1. Data categories and sources.
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	Data Categories
	Description and Sources





	For 2007–2013:

Number of renewable energy projects

Total value of RE projects (mln Polish zloties)

EU funds for RE projects (mln Polish zloties)

Types of projects by renewable energy sources

Location of renewable energy investments

Leading beneficiaries and partners
	Qualitative and quantitative data on projects carried out in Poland under Operational Programmes 2007–2013, obtained from the National Information System SIMIK 07–13 [84] run by the Ministry of Regional Development (name of the Ministry as of 31 January 2016, when the data was obtained), the data shows the state of arts as of 31 December 2015, according to the n+2 EU regional policy rule [85], that allows the managing institutions in eligible member states to spend the EU funds allocations till the end of the second year after the year of receiving the funds, i.e., in case of 2007–2013 financial perspective till the end of 2015; from database containing 150,000 entries, we extracted entries describing all 264 investments in renewable energy, carried out by municipalities.



	For 2014–2020:

Number of renewable energy projects

Total value of renewable energy projects (mln Polish zloties)

EU funds for renewable energy projects (mln Polish zloties)

Types of projects by renewable energy sources

Location of renewable energy investments

Leading beneficiaries and partners
	Qualitative and quantitative data on projects carried out in Poland under Operational Programmes 2014–2020, as of September 2020, obtained from the Central Teleinformation System SL 2014 run by the Ministry of Funds and Regional Policy, and retrieved on 1 December 2020 from [86], from the database containing 177,458 entries, we extracted 1161 entries describing 909 investments carried out by 638 municipalities, defined as leading beneficiaries.



	Types of municipalities by degree of urbanisation

(DEGURBA)
	The degree of urbanization (DEGURBA) classification categorizes municipalities into the three categories:

Code 1—cities, or: densely populated areas

Code 2—towns and suburbs, or: intermediate density areas

Code 3—rural areas, or: thinly populated areas

retrieved on 30 June2020 from [87]



	Tax ID of municipalities
	National Court Register [88] accessed on 15 January 2021.



	TERYT codes, names and types of administrative units
	Database retrieved from the National Official Register of the Territorial Division of the Country (TERYT), retrieved from [89].



	addresses and codes of municipality offices
	Data retrieved from the Public Information Bulletin [90].
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Table 2. Statistical methods and their application.
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	Method
	Applied to Test:





	Kolmogorov-Smirnov test
	to what degree the distribution of the analyzed data categories was skewed vs. normally distributed



	Kruskal-Wallis H test
	whether the total value of renewable energy projects and the share of EU funds in the total value of renewable energy projects in 2007–2013 and 2014–2020 were significantly affected by the types of municipalities



	Mann-Whitney U test

Wilcoxon rank-sum test
	whether there were significant differences in total value of renewable energy projects, value of EU funds cofounding renewable energy projects and the share of EU funds in total value of renewable energy projects between different types of municipalities, i.e., those classified as cities, towns and suburbs, and rural.



	Wilcoxon signed-rank test
	whether the total value of renewable energy projects and the value of EU funds cofounding renewable energy projects differed between 2007–2013 and 2014–2020 in case of the municipalities that carried out renewable energy projects in both financial perspectives.
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Table 3. Number of municipalities-investors and renewable energy projects under operational programs of 2007–2013 and 2014–2020.
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Types of Municipalities

	
Financial Perspective 2007–2013

	
Financial Perspective 2014–2020




	
Municipalities Investing in Renewable Energy

	
Renewable Energy Projects

	
Municipalities Investing in Renewable Energy

	
Renewable Energy Projects




	
No

	
% of All Municipalities of This Type

	
No

	
% of All Renewable Energy Projects by Municipalities

	
No

	
% of All Municipalities of This Type

	
No

	
% of All Renewable Energy Projects by Municipalities






	
Cities (1)

	
8

	
11

	
13

	
5

	
20

	
26

	
48

	
5




	
Towns and suburbs (2)

	
54

	
10

	
61

	
23

	
103

	
20

	
165

	
18




	
Rural (3)

	
167

	
9

	
188

	
72

	
513

	
27

	
695

	
77




	
All

	
229

	
9.2

	
262

	
100

	
636

	
25.6

	
908

	
100
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Table 4. Descriptive statistics for RE investments carried out by municipalities in Poland in 2007–2013 and 2014–2020 EU financial perspectives, by types of municipalities.
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Type of Municipalities *

	
N

	
Mean

	
Std. Error

	
Median

	
Std. Dev.

	
Min

	
Max

	
Range

	
Skewness

	
Kurthosis






	
Total value of renewable energy projects (Polish zloty) 2007–2013

	
1

	
8

	
3.7

	
1.6

	
1.9

	
4.4

	
0.25

	
13.4

	
13.1

	
1.86

	
3.35




	
2

	
54

	
3.2

	
0.5

	
1.8

	
3.6

	
0.07

	
14.9

	
14.8

	
1.85

	
3.02




	
3

	
167

	
3.9

	
0.2

	
3.0

	
3.1

	
0.05

	
14.4

	
14.4

	
1.12

	
0.99




	
all

	
229

	
3.7

	
0.2

	
2.9

	
3.3

	
0.05

	
14.9

	
14.9

	
1.33

	
1.48




	
Value of EU funds for projects (Polish zloty) 2007–2013

	
1

	
8

	
2.2

	
0.7

	
1.3

	
2.1

	
0.15

	
5.9

	
5.7

	
1.10

	
−0.22




	
2

	
54

	
2.4

	
0.4

	
1.3

	
2.6

	
0.04

	
11.7

	
11.7

	
1.81

	
2.88




	
3

	
167

	
2.9

	
0.2

	
2.3

	
2.4

	
0.03

	
11.9

	
11.9

	
1.28

	
1.77




	
all

	
229

	
2.8

	
0.2

	
2.1

	
2.5

	
0.03

	
11.9

	
11.9

	
1.38

	
1.87




	
The share of EU funds in total value of renewable energy projects (%)

2007–2013

	
1

	
8

	
68%

	
4%

	
71%

	
12%

	
44%

	
85%

	
41%

	
−1.11

	
2.31




	
2

	
54

	
72%

	
2%

	
76%

	
13%

	
25%

	
85%

	
60%

	
−1.63

	
3.44




	
3

	
167

	
73%

	
1%

	
77%

	
10%

	
26%

	
85%

	
59%

	
−1.91

	
4.91




	
all

	
229

	
73%

	
0.7%

	
76%

	
11%

	
25%

	
85%

	
60%

	
−1.79

	
4.19




	
Total value of renewable energy projects (Polish zloty) 2014–2020

	
1

	
20

	
13.6

	
4.1

	
7.1

	
18.3

	
0.9

	
68.5

	
67.6

	
2.24

	
4.69




	
2

	
103

	
11.3

	
1.8

	
5.1

	
18.2

	
0.2

	
87.6

	
87.4

	
2.77

	
7.22




	
3

	
503

	
6.1

	
0.5

	
3.2

	
10.1

	
0.1

	
77.7

	
77.5

	
4.58

	
24.56




	
all

	
626

	
7.2

	
0.5

	
3.4

	
12.3

	
0.1

	
87.6

	
87.5

	
4.01

	
17.63




	
Value of EU funds for projects (Polish zloty) 2014–2020

	
1

	
20

	
10.7

	
3.7

	
5.0

	
16.7

	
0.7

	
61.3

	
60.6

	
2.46

	
5.46




	
2

	
103

	
8.0

	
1.3

	
3.2

	
13.0

	
0.1

	
71.6

	
71.5

	
2.91

	
8.53




	
3

	
503

	
4.3

	
0.3

	
2.1

	
7.0

	
0.1

	
67.9

	
67.8

	
4.79

	
28.67




	
all

	
626

	
5.1

	
0.4

	
2.4

	
8.9

	
0.1

	
71.6

	
71.5

	
4.26

	
20.74




	
The share of EU funds in total value of renewable energy projects (%)

2014–2020

	
1

	
20

	
69%

	
4%

	
70%

	
17%

	
41%

	
95%

	
54%

	
−0.29

	
−0.80




	
2

	
103

	
70%

	
1%

	
73%

	
13%

	
31%

	
95%

	
64%

	
−0.47

	
0.16




	
3

	
503

	
68%

	
1%

	
70%

	
11%

	
32%

	
88%

	
56%

	
−0.80

	
0.03




	
all

	
626

	
69%

	
0.5%

	
70%

	
12%

	
31%

	
95%

	
64%

	
−0.66

	
0.07








* type of municipalities by degree of urbanization (DEGURBA): code 1—cities (densely populated areas); code 2—towns and suburbs (intermediate density areas), code 3—rural areas (thinly populated areas).
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Table 5. Kruskal-Wallis tests for the type of municipalities vs. total value of renewable energy projects and the share of EU funds in the total value of renewable energy projects in 2007–2013 and 2014–2020.
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	Kruskal-Wallis Tests Outcomes on
	H(2)
	p





	The types of municipalities affecting the total value of renewable energy projects
	
	



	in 2007–2013
	4.918
	>0.86



	in 2014–2020
	12.629
	>0.002



	The types of municipalities affecting the share of EU funds in the total value of renewable energy projects
	
	



	in 2007–2013
	1.991
	>0.37



	in 2014–2020
	2.157
	>0.34
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Table 6. Mann-Whitney U test for analyzed variables.
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Tests for Groups of Municipalities ***

	
Total value of Renewable Energy Projects in

	
European Union Funds Cofounding Renewable Energy Projects in

	
% of European Union Funds in Total Value of Renewable Energy Projects in




	
A *

	
B **

	
A *

	
B **

	
A *

	
B **






	
(1) and (2)

	

	

	

	

	

	




	
Mann-Whitney (U)

	
203.000

	
890.000

	
204.000

	
925.000

	
175.000

	
970.500




	
Wilcoxon rank-sum (W)

	
1688.000

	
6246.000

	
1689.000

	
6281.000

	
211.000

	
6326.500




	
Z

	
−0.273

	
−0.960

	
−0.252

	
−0.720

	
−0.861

	
−0.408




	
Effect size (r)

	
−0.020

	
−0.071

	
−0.019

	
−0.053

	
−0.063

	
−0.030




	
Asympt. Sig. (2-tailed)

	
0.785

	
0.337

	
0.801

	
0.472

	
0.389

	
0.683




	
Mt. Carlo Sig. (1-tailed) b

	
0.794

	
0.335

	
0.815

	
0.468

	
0.394

	
0.687




	
(1) and (3)

	

	

	

	

	

	




	
Mann-Whitney (U)

	
576.000

	
549.000

	
449.500

	
3426.500

	
3505.500

	
4882.000




	
Wilcoxon rank-sum (W)

	
612.000

	
585.000

	
485.500

	
130,182.500

	
130,261.500

	
5092.000




	
Z

	
−0.607

	
−0.802

	
−1.522

	
−2.419

	
−2.300

	
−0.223




	
Effect size (r)

	
−0.023

	
−0.030

	
−0.057

	
−0.091

	
−0.086

	
−0.008




	
Asympt. Sig. (2-tailed)

	
0.544

	
0.422

	
0.128

	
0.016

	
0.021

	
0.823




	
Mt. Carlo Sig. (1-tailed) b

	
0.540

	
0.419

	
0.132

	
0.014

	
0.020

	
0.826




	
(2) and (3)

	

	

	

	

	

	




	
Mann-Whitney (U)

	
3571.000

	
3520.000

	
4350.000

	
21,382.000

	
21,146.000

	
23,530.000




	
Wilcoxon rank-sum (W)

	
5056.000

	
5005.000

	
5835.000

	
148,138.000

	
147,902.000

	
28,886.000




	
Z

	
−2.187

	
−2.313

	
−0.260

	
−2.794

	
−2.939

	
−1.467




	
Effect size (r)

	
−0.076

	
−0.080

	
−0.009

	
−0.097

	
−0.102

	
−0.051




	
Asympt. Sig. (2-tailed)

	
0.029

	
0.021

	
0.795

	
0.005

	
0.003

	
0.142




	
Mt. Carlo Sig. (1-tailed) b

	
0.029

	
0.021

	
0.801

	
0.005

	
0.004

	
0.147








A *—2007–2013 financial perspective; B *—2014–2020 financial perspective; b—based on a sample of 10,000 tables at the starting number 92,208,573 of the generator of random numbers, *** types of municipalities coded as: (1) cities, (2) towns and suburbs and (3) rural municipalities. Grey cells show significant differences.
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Table 7. Wilcoxon signed-rank test for analyzed variables.
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	Median 2007–2013 (mln Polish Zloties)
	Median 2014–2020

(mln Polish Zloties)
	T
	p-Value
	Change r





	The total value of renewable energy projects
	2.9
	3.5
	2021
	<0.05
	−0.29



	European Union funds value
	2.1
	2.4
	2217
	<0.05
	−0.22



	The share of EU funds in the total value of renewable energy projects
	76%
	70%
	1632
	<0.05
	−0.49
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
: borders of regions

Type of investment by renewable energy source

. sun and hydro-, geotermal and other (6)

M sun and biomass (7)
B sun and wind (1)
B hydro-, geotermal and other (17)
M biomass 7)
O wind (4)

O sun (804)





nav.xhtml


  energies-14-02765


  
    		
      energies-14-02765
    


  




  





media/file0.png





media/file2.png
D borders of regions

Type of investment by renewable energy source

B sun and hydro-, geotermal and other  (8)
B sun and biomass 4)
@ hydro-, geotermal and other (22)
B biomass (10)
O wind 1)
O sun (199)






media/file3.jpg





media/file1.jpg





