
energies

Article

Where Renewable Energy Sources Funds are
Invested? Spatial Analysis of Energy Production
Potential and Public Support
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Abstract: Energy transition in the European Union (EU) is strongly related to public support
from structural funds which enable member states to create new and renovate existing renewable
energy source (RES) installations. However, in order to maximize benefits of these investments
it is crucial to consider where RES funds are allocated, how it corresponds with RES potential in
specific locations, and how future implementation of energy policies can be improved. In this study,
RES development projects supported by EU funds, implemented in the period 2004–2019 in Poland,
were analyzed in relation to solar, wind and biomass energy potential. The study was conducted with
the use of agglomeration method and k-mean method to define clusters of local administrative units
characterized by similar features of RES funds absorption and renewable energy production potential.
The results obtained show that in the case of all energy sources there is no correlation between
high RES funds absorption and energy production potential. The final conclusion of the research
is that in order to boost energy transformation into more sustainable solutions, renewable energy
production potential should be considered as a factor to allocate public financial support for future
energy policy implementation.

Keywords: energy transformation; regional policy; policy effectiveness; renewable energy potential;
European funds; Structural Funds

1. Introduction

The domain of energy transition is not a new topic. European Union (EU) policy efforts on energy
efficiency started in the 1970s as response to the oil crisis [1] and at that time had more economic
background. However, constantly intensifying adverse environmental changes increased the awareness
of the need for more sustainable approach. Therefore, in response to the United Nations Conference
on Environment and Development (UNCED), also known as the Earth Summit (3–14 June 1992) and
the adopted Rio Declaration on Environment and Development (Agenda21) [2], EU introduced the
first major European policy on energy efficiency by the Council Directive 93/76/EEC of 13 September
1993 to limit carbon dioxide emissions by improving energy efficiency (SAVE) [3]. The direction set in
these documents still remains a target of current policies and actions [4,5]. In the case of the EU energy
transformation it is an especially challenging process when it comes to eastern member states of the
EU (also called “new” EU; countries that joined the EU in 2004 and after [6]), as due to their historical
political situation their economies are less energy efficient. On the other hand, member states of the
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“old” EU, which represent higher economic and financial development and have more experience in
the implementation of eco innovations, have also higher level of greenhouse gas emissions which
impact socio-environmental systems [7]. Therefore, different groups of countries have to face different
problems and undertake different actions to balance their environmental carrying capacity [8].

In order to achieve goals connected with energy transformation, strategies and policies for
different scales are developed [9–12]. However, the fact of energy strategy adoption does not always
need to have the same impact on the domain on which it focuses. The impact of renewable energy
policies on renewable energy source (RES) capacity evaluated using a panel dataset including 29
countries in the period 2000–2015 showed that the influence of different strategies varies [13]. Therefore,
in not every case can the undertaken actions lead an economy that meets RES targets. The study
of Dusonchet and Telaretti [14] on economic analysis covering a variety of supporting policies for
the production of electricity from photovoltaics in eastern European Union countries showed over a
decade ago that, depending on each national law, the efficiency of RES measures varies considerably.
These differences may be caused by technical and organizational aspects of RES development together
with cultural drivers which are strongly related to the “willingness to act” and “ability to act” of
stakeholders. That applies to individuals as well as institutions represented by people [15]. Taking into
account that national values play a significant role in the preference and consumption of resources [16],
identification of prejudices in RES development from a social perspective might be crucial in order to
identify and overcome obstacles in efficient implementation of energy transition policies. It is especially
important considering that failure to address socio-cultural and policy dimensions in a proper way
may cause wastage of resources and time [17].

In the case of the EU, the key public support instrument in energy transformation are funds
that come from structural funds [18,19]. More than a third of the EU budget was assigned for the
structural funds, which in the case of many member states are one of the main financial instruments
contributing to the implementation of energy transformation policy in Europe with a high priority to
RES development [20]. The development of RES can not only improve the environmental performance
of energy sector [21,22], but also gives an opportunity to create local energy autonomy [23,24] for
instance by creating energy clusters [25–27] or small-scale energy grids or systems [28–30] as well as
combat such unfavorable social problems as energy poverty [31,32]. Similar to different impact of
energy strategies and policies, EU structural funds also have different effectiveness in member states
when it comes to energy transformation, which was considered for example in Greece [33], the Baltic
states (Lithuania, Latvia and Estonia) [20], Slovenia and Spain [34], Romania [35] or Italy [36]. In all
cases different limitations were found, which shows the capacity to improvement of future energy
transformation mechanisms. However, in none of the studies mentioned above [20,33–36] was the
potential of energy production from renewable sources considered as a factor of formal analysis.
They rather focus on spatial or institutional factors influencing the energy transformation actions.
Therefore, comparing these studies, there is a need to enrich scientific perspectives from the point
of view of the role of energy potential in RES development. This is the added value of the research
presented in this manuscript.

The evaluation of energy policy implementation may rely on different benchmarks. As Veum
and Bauknecht noted [37], a benchmark based on gross domestic product (GDP) or GDP/capita allows
for contributions per member state to better adjust their ability to pay, while a benchmark based on
national renewables cost supply curves allows for better cost-efficiency. The allocation method used for
the 2020 target assumed that each EU country should increase its share of RES by a set percentage point
number (applicable to all EU member states), plus a member state-specific percentage points number
reflecting its welfare level, indicated by GDP per capita [37]. Considering that it is already proven in
the management domain that the selection of a specific method to allocate funds can improve odds for
successes of activity [38], there is a need to combine studies on renewable energy potential evaluation,
which are conducted for solar [39–41], wind [42–44], biomass [45–47], biogas [48–50] and others [51–54],
with research on energy policy implementation [55,56] in order to assess the effectiveness of public
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support to boost RES development. The novelty of the study proposed in this article is (as mentioned
in the previous paragraph) include in the formal analysis public financial support with RES potential
with the breakdown of these elements (financial support and energy potential) into separate groups
treating each RES separately.

Therefore, the aim of this research is to evaluate the relation between investment of funds allocated
for RES development and renewable energy production potential, in order to investigate where RES
funds are invested and if there are some patterns of allocating these funds among local administrative
units. The study was conducted for the biggest “new” member state of the EU (Poland) and it covers all
projects supported by the EU structural funds from 2004 (when Poland joined the EU) until the end of
2019 at the amount of 1,460,632,283 EUR. The study focuses only on one selected country as mechanisms
of RES investments are strongly related with national approaches and only the level of unified rules
allows further comparison of local units. The paper is structured as follows: Section 2 describes
methods that were applied in the research together with materials that were used to perform the
analyses; Section 3 contains results of the research presenting clusters of local authorities characterized
by similar features of renewable energy production potential and the absorption of EU funds for RES
development; and discussion and conclusions of the obtained results are presented in Section 4.

2. Materials and Methods

2.1. Materials

The study was conducted with the use of four different information sources: RES development
projects, solar energy potential, wind energy potential and biomass energy potential. Other kinds
of RES are excluded from the analysis due to the small number of investments within the country
or lack of proper conditions to obtain the energy from these sources in all local administrative units
(e.g., geothermal energy, hydro energy, tidal energy). Below, each type of data set is described.

2.1.1. Renewable Energy Source (RES) Development Projects

Information on RES development projects supported by EU funds was obtained from governmental
database [57]. For the purpose of this research, data on projects realized in the period 2004–2019 were
used. This period overlap three European programming periods: 2004–2006 (the last years of budget
2000–2006, covering the period after Poland joined EU), 2007–2013 and 2014–2020. The sum of all
implemented RES projects over this period was 943. The most common were projects based on solar
energy (523 projects), subsequently wind energy (218 projects) and finally biomass energy (202 projects).
Analyzed projects aimed to build, renovate, or modernize RES installations. Projects could be
implemented by a local authority as well as by private company. All data were aggregated to
the level of county (pol. poviat) which is equal to European LAU-1 (Local Administrative Units;
formerly NUTS-4-Nomenclature of Territorial Units for Statistics). Spatial data on administrative
borders of LAU-1 was obtained from the Polish Head Office of Geodesy and Cartography [58].

2.1.2. Solar Energy Potential

The dataset used to assess solar energy potential was the Global Solar Atlas. It is an open source,
web-based database owned by the World Bank Group and provided by Solargis. Solar energy potential
is assessed as the approximate amount of energy that could be converted by a photovoltaic (PV)
system into electricity. It takes into account geo-location parameters (coordinates) as well as surface
factors describing the site and a configuration of the PV system. Geo-spatial information on describing
photovoltaic electricity output (PVOUT) is measured in kWh/kWp. The value of PVOUT is estimated
based on natural solar energy resources, climate conditions like air temperature and physical factors like
elevation of surface as well as relative height of the surface to sea level. PVOUT evaluation approach
refer to three basic algorithms used PV systems: small residential rooftop; distributed or medium-size
commercial roof-mounted system; and large or utility-scale PV power plant. The generalization of
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the method used to calculate PVOUT enable to use this data source for preliminary assessments by
reflecting macro-scale energy potential factors [59].

2.1.3. Wind Energy Potential

The dataset used to assess wind energy potential was collected from the Global Wind Atlas.
Similar to the previous source, it is an open source and web-based database. The Global Wind Atlas
is managed by the Technical University of Denmark in partnership with the World Bank Group.
This database contain the data on potential of the wind energy as wind power density reflected in
W/m2. Wind density for specific locations was obtained by downscaling from large-scale wind climate
data to the microscale wind climate data estimate. Downscaling approach was a key methodological
concept developed by the Technical University of Denmark. It includes data on global circulation,
topography, orography, position of the coastline as well as a surface roughness. As mentioned in
the case of the Global Solar Atlas, methodological limitations allow use of this data for preliminary
assessment of larger-scale areas [60].

2.1.4. Biomass Energy Potential

The biomass production potential for energy use was assessed using a geo-spatial data set
obtained from the BioBoost project [61], which was carried out for 27 EU member states and
Switzerland. The total biomass potential was estimated for biomass types like: agricultural (straw, hay,
etc.) and animal residues (manure) from food production sector, tree residues from forestry sector,
nature conservation resources (green areas, hay) from protected areas, vegetation in infrastructure
areas used for transportation purposes, as well as urban and industrial wastes (municipal bio-wastes,
selected agri-industrial wastes from food and wood processing). The evaluation of biomass potential
takes into account only wastes and residues as resources used for energy generation purposes,
which excludes the conflict between energy production and food production. Such an approach
include sustainable development principles taking into account priority of food production sector.
Initially, the biomass potential was estimated and visualized as factors for NUTS-3 zones. The NUTS
is a statistical system established by Regulation (EC) No 1059/2003 of the European Parliament and
of the Council of 26 May 2003. The NUTS classification divides the territory of the EU into NUTS-1:
major socio-economic regions; NUTS-2: basic regions for the application of regional policies; NUTS-3:
small regions for specific diagnoses. The NUTS-3 is the lowest common level at the European
scale. In Poland NUTS-3 level aggregates several poviat (county) units. For the purpose of this
research, the initial BioBoost dataset was downscaled to the poviat level with use of the area-weighted
approach. Following the original dataset, the biomass potential is represented as kilo tones per area of
administrative unit [t/km2]. The detailed methodology of residual biomass potential is elaborated by
Hamelin et al. [62].

2.2. Methods

In order to perform the study and define clusters of local authorities characterized by similar
features of renewable energy production potential and the absorption of EU funds for RES development,
two cluster analyses methods were used: agglomeration and k-means. As part of the preprocessing,
the variables’ values involved in the cluster analysis were standardized. This operation ensures the
comparability of the values of various variables, which guarantees equal influence of each variable on
the process of creating clusters. The agglomeration method was used to limit the number of clusters.
An approach based on the variance analysis Ward binding method with the classical Euclidean distance
was applied. In order to determine the number of clusters, a preliminary analysis was performed using
the agglomeration method. Based on dendrograms (Figures A1–A3), the distances between successive
binds were determined and descending ordered. By analyzing the numbers of the resulting clusters at
the several largest distances between bonds the number of clusters was limited to 4. Then, using the
iterative-optimization k-means method the distances between clusters were analyzed for division into
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2, 3 and 4 clusters for each type of renewable energy. For each of the 9 divisions obtained (3 different
numbers of clusters and 3 types of energy), the distances between the clusters were determined.
The number of clusters implying the largest mean distance between clusters was selected. Ultimately,
a division into 3 disjoint subsets in each case was made.

2.2.1. Agglomeration Method

The scheme of the agglomeration classification methods was iterative with N-1 (N- set size) steps.
In step zero, each cluster is single-element (N-clusters). Then the two “closest” elements are combined
into one cluster. Thus, N-1 clusters are formed. This procedure was repeated N-2 more times until one
cluster containing all the elements was obtained in the last step. The joining process is graphically
represented in a graph called a dendrogram. Depending on the method of measuring the distance
between the set elements (distance) and between clusters (linkage criteria), several agglomeration
methods were distinguished. The most universal of these was Ward’s method [63]. In Ward’s method,
in each iteration, the value of the objective function is determined for all possible pairs of existing
clusters and the one having the optimal value of the functional relationship or the objective function
that reflects the criterion selected by the researcher is selected. In our case, the objective function
was total within-cluster variance. At each step is found the pair of clusters that leads to minimum
increase in total within-cluster variance after merging. This increase is a weighted squared distance
between cluster centers. The optimal number of clusters is decided on the basis of the course of the
agglomeration presented graphically on the dendrogram. The division at which the distance between
bonds is the greatest is considered to be the best. However, this is not a condition that determines
the decision. The specificity of both the considered objects and the features that describe them, on
the basis of which we make the classification, are also important. The final decision is made by the
researcher based on the premises and experience.

When using a clustering agglomeration procedure, one should remember about the
disadvantages/limitations and strengths of this method. Hierarchical clustering creates a hierarchy, i.e.,
a structure that itself carries information about the similarities and differences between the elements.
An insight into the course of agglomeration (occurring variables and boundary partition values) allows
the structure of multidimensional data to be looked at. The dendrogram gives an opportunity to
determine the number of clusters. The calculation procedure itself is easy to implement. There are
many binding methods and distances measures using in the analysis and result depends on the choice
of each of them. This feature can be considered both an advantage (the ability to choose the right
combination) and a disadvantage (researcher’s experience required) of the method. The main and
objective weaknesses of clustering agglomeration method are: the order of the data affects the final
results and is very sensitive to outliers.

2.2.2. K-Means Method

The k-means method [64] is completely different from the agglomeration methods, but also
iterative. In this method, it is necessary to know the number of clusters (k) into which the set will be
divided, which is the main drawback/limitation of this method. In step zero the selection of k-centroids
(centers of clusters) is made. There are many methods of selection. In this research it was necessary
to maximize the distances between clusters [65]. Then, the elements whose square of the Euclidean
distance to this centroid is the smallest were assigned to the cluster corresponding to a given centroid.
The new centroids were determined for each cluster with coordinates being the arithmetic mean of the
coordinates of the cluster elements. The distances of each element to each centroid were then examined
and reassigned to the cluster with the “nearest” centroid. The procedure is repeated as many times
as necessary until each element is “closest” to its own centroid. This algorithm is also referred as
Lyoyd-Forgy’s algorithm [66].

The main advantage of the k-means method is that the resulting division is less dependent on
the initial settings. In this method, the number of classes (main disadvantage) and the method of
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determining the first centroids in step zero should be specified in advance. The K-means method
produces more concentrated and more numerous clusters than in hierarchical methods.

In the presented analysis, the elements (poviats) were grouped according to two features (energy
potential and project costs), which additionally made it possible to indirectly conclude on the
relationship between these variables. Due to the abnormal distribution of each variable, no correlation
or regression (with explicit function) analysis between them was possible.

3. Results

Descriptive statistics for each dataset are presented in Table 1. Most often in the poviat in the study
period, one project was implemented for each type of renewable energy. Solar and wind potential
have quite symmetric distribution in poviats. Nevertheless, both the number of projects and their
values show a strong right-hand symmetry (few poviats implementing investments with high financial
expenditures). The exception is the biomass potential, which has high values for poviats in the western
and south-western part of the country which results in significant right-hand asymmetry. Out of 380
poviats in Poland, most of them invest in the use of solar energy (153) and least in wind energy (88).

Based on cluster analyses, solar, wind and biomass energy projects were analyzed separately. The
outcomes in the following subsections present clusters of local administrative units characterized by
similar features of RES funds absorption and renewable energy production potential. In the process of
classification using the k-means method, poviats were divided into 3 clusters. In the fourth cluster
there are poviats that have not obtained funds for different types of renewable energy projects.
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Table 1. Descriptive statistics.

Variable N Mean Median Mode M.C. Min Max Q1 Q3 Stand. Dev. Skewness

Solar
energy *

Number of
projects 153 3 2 1 60 1 27 1 4 3.9 3.51

Project
costs 153 11,167,378 6,976,243 * 145,336 48,621,790 3,456,062 15,705,374 10,843,204 1.48

EU funds 153 5,415,878 3,530,248 * 68,568 26,038,312 1,826,515 7,671,189 5,123,470 1.51
Potential 380 8 9 * 2.8 18 6 11 3.3 0.20

Wind
energy

Number of
projects 88 2 2 1 34 1 10 1 3 2.1 1.94

Project
costs 88 112,926,948 53,929,947 22,975,875 2 90,493 564,970,255 16,161,395 186,206,876 129,585,128 1.58

EU funds 88 30,213,824 21,138,621 * 2 63,345 119,773,639 6,341,924 41,595,585 28,371,280 1.18
Potential 380 378.1 376.3 * 95.6 848.2 258.1 487.2 159.6 0.32

Biomass
energy

Number of
projects 122 2 1 1 75 1 6 1 2 1.0 1.81

Project
costs 122 16,951,413 4,015,233 * 7420 282,470,580 1,045,893 10,913,450 42,187,295 4.68

EU funds 122 5,691,175 2,738,784 * 2597 57,828,660 415,539 6,840,238 8,730,315 3.20
Potential 380 0.117 0.100 * 0.04 0.50 0.087 0.128 0.059 3.32

* there is no mode in the set; M.C. —median count.



Energies 2020, 13, 5551 8 of 26

3.1. Solar Energy Clusters

Based on the methodological procedure of the study, the first cluster is the least numerous (29)
group of poviats where the most projects were implemented (Figure A4 in Appendix A), with the
highest project cost, despite only slightly above the average solar potential (Figures 1 and 2). In poviats
from this group, between 2 and 28 projects were implemented in the analyzed period, most often from
5 to 8, Me = 6, Mo = 6 (Figure A4). In these poviats, the most funds from the EU were consumed for
the purposes of expanding infrastructure for generating solar energy. There was an almost uniform
distribution of the EU funds for poviats with the consumption of these funds between the lower and
upper quartile (Figure A5).

The second cluster contains 75 poviats with above-average solar potential. The number of
implemented projects did not exceed 9 per poviat. In most poviats from this cluster only one project
carried out, therefore, the minimum and Q1 and Me are equal (Figure A4). In general, it can be
concluded that the solar potential of these poviats is not utilized. Both the average total project costs
and the EU funding are below average.

The cluster with the lowest and least diverse solar potential (cluster 3) contains 49 poviats located
in the north-eastern part of the country (Figure 3). The number of projects in poviats from this cluster
is very diverse (from 1 to 25 projects), however, in half of the poviats from this group, one or two
projects were implemented and in 75% of poviats no more than 4 (Figure A4). Projects implemented
in this group were generally low cost and hence relatively low RES funds were absorbed. There is a
concentration of low co-financing values in the poviats (even lower than in cluster 2). (Figure A5).
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In 227 poviats (out of 380), in the 16 years analyzed, not a single investment in the use of
solar energy was implemented (cluster 4) which constitutes approximately 60% of poviats in Poland.
Counties in this group represent the full range of solar potential (Figure 2).

Basic cluster statistics for all groups are summarized in Table 2.
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Table 2. Descriptive statistics for solar energy clusters.

N
Project Cost [mln zł] Solar Potential

Min Me Max s Min Me Max s

1 29 18.0 25.2 48.6 9.2 5.6 8.8 14.7 2.8
2 75 0.2 5.4 19.4 5.0 8.2 8.9 17.9 2.3
3 49 0.1 5.9 21.0 5.5 2.78 5.64 5.99 1.3
4 227 0 0 0 0 2.8 8.6 17.5 3.3

N—number of elements, Me—median, s—standard deviation.

3.2. Wind Energy Clusters

In terms of using the wind energy potential in Poland’s counties, 3 clusters covering counties that
have implemented at least one project have also been developed.

In the first cluster there are 21 poviats (Table 3) which can be said to have the potential and do
not utilize it. This is a group of poviats with a very high wind potential (Figures 4 and 5), where few
projects have been implemented. In 18 poviats not more than 3 projects, in one-4 projects, in one–5
projects (Figure A6). Consequently, the smallest funds, both total funds and co-financing from the EU,
were allocated for this, most often not exceeding 18.3 million PLN (4 mln EUR) (Table 3, Figure A7).

Table 3. Descriptive statistics for wind energy clusters.

N
Project Cost [mln zł] Wind Potential

Min Me Max s Min Me Max s

1 21 0.5 18.3 276.1 67.1 480 579 826 98

2 45 0.09 44.3 167.8 46.3 131 369 462 86

3 22 184.3 262.4 565.0 113.6 135 424 558 105

4 292 0 0 0 0 96 354 848 164

N—number of elements, Me—median, s—standard deviation.
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The second cluster includes 45 poviats with low wind potential and implementing few investments
in this area (Table 2). However, despite significantly lower and left-hand asymmetrical wind potential
than poviats from cluster 1, they implement a similar number of projects with similar distribution
and slightly higher financial outlays (both total and acquired from the EU). This group includes two
poviats with the number of projects exceeding 5 (Figures A6 and A7).

Poviats investing the most in the use of wind energy were grouped in the third cluster. These are
22 poviats located in northern and central parts of the country with slightly above average wind
potential implementing many high-cost projects (Figures 4 and 6). The potential in these poviats is
slightly higher than in cluster 2, but much lower than in cluster 1 (Figure 5). In half of the poviats from
this group, at least 3 projects were implemented; 25% of poviats from this cluster fulfilled not less than
7 projects. These poviats implemented mainly large projects as evidenced by high costs, both total and
obtained from the EU (Table 3, Figure A7). The median of EU funds in projects in this cluster is higher
than the highest funds in cluster 1 and 2.

Again, the largest group (77%) is the group of poviats that have not implemented any wind energy
project. This group includes poviats with different and quite symmetry distributed wind potential
(Figure 5).
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3.3. Biomass Energy Clusters

In terms of the utility of biomass energy as a RES measured by the number and value of completed
projects, three groups were distinguished, analogous to the other types of renewable energy. In the
first one there were 3 poviats with the highest untapped biomass potential (Figures 7 and 8), in each of
which only one project of slightly above average value was implemented (Figure A8). These were
poviats that are large cities.

The second group contained 116 poviats which have a low potential and implemented numerous
(up to 6 projects per poviat), but with relatively low unit value projects (Table 4). Only one project
was implemented in over half of the poviats from this group (Figure A8). Maximal project cost in this
group of poviats was 87.4 mln PLN (19.4 mln EUR). These poviats are located in the eastern part of the
country with a concentration in the south-east (Figure 9).

Table 4. Descriptive statistics for biomass energy clusters.

N
Project Cost [mln zł] Biomass Potential

Min Me Max s Min Me Max s

1 3 58.1 78.9 163.1 55.6 0.37 0.37 0.43 0.03

2 116 0.007 3.7 87.4 15.5 0.05 0.09 0.17 0.03

3 3 151.7 235.4 282.5 72.7 0.09 0.10 0.16 0.04

4 258 0 0 0 0 0.05 0.10 0.50 0.06

N—number of elements, Me—median, s—standard deviation.
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The third cluster included 3 poviats with average biomass potential. The common feature of these
poviats was the very high cost (both total and EU funding) (Figure A9) of the implemented projects.
In these poviats one or two projects were implemented, but each with a value exceeding 150 million
PLN (34 million EUR). These were medium-sized cities.

Again, the most numerous was the group of poviats that did not invest in the use of biomass
energy (68%). These poviats represented the full range of biomass potential with right-hand
asymmetry (Figure 4).Energies 2020, 13, x FOR PEER REVIEW 12 of 25 
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4. Discussion

The results obtained do not allow us to distinguish one general pattern in relation to renewable
energy potential and EU funds absorption for RES development. In the case of RES projects based on
all three analyzed sources, there was no connection between analyzed factors. By contrast, in some
cases local administration units with higher energy production potential were granted with smaller
amount of public financial support. Moreover, analyzed units did not represent any concrete spatial
pattern presenting coherent spatial clusters of similar neighboring counties except local clusters of
around 5–6 units. There were some similarities in terms of activity of poviats in to implement RES
projects. In the case of solar energy, local administration units in Eastern and Northern regions were
more active in undertaking such activity. In case of wind energy coastal units (neighboring Baltic Sea)
were more active comparing to those located farer from the coast. Moreover, there was also one region
in the South of Poland in which no wind energy project was implemented within the analyzed period
of 16 years. On the other hand, almost all local units in that region implemented projects based on
biomass energy, which shows that each region was able to search for their own RES development
pattern. That is compatible with policy on national level, as in terms of spatial structure, counties in
Eastern and South-Eastern part of Poland were the areas of main concentration of EU funds absorption
to develop biomass energy production.

Considering identified patterns, allocation of RES funds supported by the EU in Poland in the
period 2004–2019 shows that in general high renewable energy potential was not a factor which
significantly increased the use of RES funds. Many reasons for differences in EU funds absorption
could explain this fact. In the case of Greece, it was found that type of rural development policy is
related with the funding decision and the balance between local and supra-local funding decisions
vary depending upon heterogeneous criteria [33] and therefore, it was not possible to distinguish
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one pattern of EU funds allocation. This is strongly driven by socio-cultural aspects created by local
authorities. Considering national differences of RES funds investment observed within the same legal
and organizational system, not surprisingly, significant changes in funds investment were registered
in Lithuania, Latvia and Estonia by Štreimikienė [20], even when Baltic states have similar natural
conditions. That proves the strong impact of local regulations on final energy transformation. In this
case, the institutional level of preparedness of local authorities may be the key factor for effective
RES funds investment. Such a situation was observed in the case of local development strategies in
Poland, where RES development was not considered as an important area of intervention around a
decade ago [67]. Luckily, as Carfora et al. [36] proved, the production of renewable energy is directly
influenced by the production in similar regions. The opportunity to compare processes in comparable
conditions increase the conviction of the local community that they also can successfully implement
similar solutions. Therefore, actions undertaken in some local units may impact surrounding units as
well. Such a situation was observed also in this study, where for example one of the Southern regions
almost fully implemented projects in biomass energy production. That local support from neighboring
communities is crucial element considering that for some local authorities even to understand how to
assess long-term average cost of saved electricity [68] and to convince to energy transformation at the
local level. Fortunately, the approach of local authorities to pro-investment activity in RES development
may change over time. As mentioned in the introduction, stakeholders (including institutions) may
possess different “willingness to act” and “ability to act” [15]. Results of the study shows the areas in
of specialization in Poland in case of specific RES. The higher concentration of poviats in Eastern and
Northern regions in terms of solar energy and Southern and Eastern regions in terms of biomass energy
prove that these administration units represent both willingness and ability to act to implement RES
development actions. Despite the aspect of rationality of funds allocation in these parts of the country,
it is worth highlighting that local authorities were effective in realizing RES investments which reflects
their approach and the priority assigned to this development direction.

Additionally to the institutional approach, cultural aspect of individuals also play a key role in
the process of EU funds allocation for RES development. This can be assessed for instance by the
opinion of stakeholders on which kinds of projects should be granted. It was identified that while
Polish public authorities are more concentrate on “hard” projects considering mainly infrastructure,
citizens are willing to invest in both “hard” as well as “soft” projects influencing social aspects of
RES implementation [69]. Therefore, in the process of strategies and planning the final allocation can
vary depending on the impact of each stakeholder group. Moreover, it should be highlighted that
still there is a problem with a lack of social acceptance by individuals in terms of RES investments in
some cases [70,71]. Some people present a “not-in-my-backyard” (NIMBY) attitude while discussing
potential scenarios of investments location [72]. However, as Boyle et al. [73] proved, people who
favor wind energy do not display NIMBY. They support wind energy and wind-farm development
even without compensation. Therefore, “soft” RES projects (including education and the final impact
on RES acceptance) might also be also very useful for successful implementation of RES installations,
and fortunately citizens can play the role of ambassadors. Such RES support activities have a pivotal
role as promotion policies have a positive and statistically significant effect on RES investment (verified
on a group of 50 countries) both in Europe as well as in Latin America, where RES development started
to be promoted later [74].

While discussing the effectiveness of RES investments, it is also important to refer to its link with
the scale of RES installations. Similar to other economy sectors, all new solutions in the renewable
energy area at the initial phase of their implementation are more expensive. As Liu et al. [75] observed,
there is a tendency of decreasing costs in renewable energy generation as the scale effect appears.
Similarly, Tröndle et al. [76] concluded that “European renewable electricity systems on larger geographic
scales always have lower cost”. As a major factor of this situation they showed more flexibility variants
available to balance fluctuating supply situation. On the other hand, local renewable energy systems
can also be economically effective. Based on their study, it was proven that small-scale supply in
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renewable energy systems has only 20% higher costs, but in case of local grids the needs for energy
transport infrastructure are reduced. The open question is if in the case of renewable energy sector
the phenomenon of diseconomies of scale can be observed. Diseconomies of scale are connected
with the growth of a system over the point above which costs per unit do not decrease any longer
due to the scale effect, but start to increase due to its complexity. Such analyses were carried out for
traditional energy sector (like natural gas in U.S. [77] and Switzerland [78], crude oil in Kuwait [79],
electric energy from conventional sources in Spain [80] and Brazil [81]) but not that common for
renewables (like biogas production in Denmark [82]). The report Is Bigger Best in Renewable Energy?
published in 2016 by the Institute for Local Self-Reliance referred to the aspect of energy infrastructure
scale [83]. One of the conclusions in terms of solar energy installations was that marginally better solar
resources in remote sites were lost during energy transmission from the location of its production to the
final consumer. At the same time, it is worth highlighting that even though solar energy potential at
rooftops in buildings of final consumers was lower, it was still enough to fulfil the needs of households.
In terms of wind energy, it was verified how increasing the height or the size of the rotors of a wind
turbine by doubling them can reduce the cost of wind electricity production. However, in this case
the scale economies of a single turbine seems to be not reached yet. Therefore, depending on the
variability of renewable resources, the density of built-up areas and level of dispersion of customers
and energy production sites, the optimal size of RES installations from the economic point of view
might be different.

5. Conclusions

It is important to highlight two main limitations of the study. The first issue is the generalization
of RES potential. As projects were assigned to each poviat, and there were no exact coordinates
of the project implementation, energy potential could not be precisely analyzed. Therefore, in the
study we referred to mean value of energy potential in each county. The second limitation of the
research is the fact that we refer to energy potential on land, excluding territorial waters at the Baltic
Sea. Considering the option of constructing both onshore as well as offshore wind energy turbines,
projects assigned to coastal units could be located on the sea where wind energy potential is higher.
Therefore, there is a potential gap between effectiveness of wind energy production between the
analysis and the real operation of the system.

Future research on the development of RES with the support of public funds could focus on each
type of RES from the perspective of national conditions predestination, for instance hydropower in
Norway [84], geothermal energy in Iceland [85], solar energy in Spain [86] or wind energy in Great
Britain [87]. Considering the experience of some cultures and nations with a specific kind of RES it
can be assumed that their experience in implementation of these installations is higher. Therefore,
national procedures in these countries could be less biased by the option of being managed and
controlled by the layman. Moreover, an additional perspective important from the point of view of
effectiveness of policy implementation could be to analyze separately RES investments granted and
implemented in the beginning and the end of the financial perspective. In the beginning of the financial
horizon of granting program decisions could be potentially different (for example driven by granting
the most rational projects), while in the end the perspective target of administrative institutions might
change (for instance to allocate all available funds among applicants to avoid criticism connected with
an inability to invest the whole budget into the local economy). Evaluation of projects’ effectiveness
depending on the time frame might be useful to assess if there is a need for more flexibility in financial
programs’ implementation. Finally, the identification of actors driving the change might enrich the
future state of the art. Answering the question as to who is the catalyst for change in terms of specific
types of RES investments may help in designing new energy policy in order to include proper actors
and set proper mechanisms to take into account cultural aspects of RES development.

The study conducted allows us to define political implications considering energy transformation
policy. In order to increase the efficiency of the energy transformation process in the future
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it seems important to consider this aspect in public support allocation among local authorities.
As Apostolopoulos et al. [33] suggested, a future mechanism should be based on a hybrid allocation of
funding that prioritizes local approaches, which are connected with different aspects of local conditions.
One of the local conditions is also the selection of the most suitable RES for local development,
which is also important due to the cost discrepancy between installations based on different RES [88].
The findings of this research also correspond with this perspective, as current practice in Poland in
RES development projects confirms that allocation of EU funds did not target the most profitable
parts of the country in terms of possible renewable energy production. The increase of EU funds’
investment effectiveness is especially important considering energy transformation plans assumed in
the European Green Deal [89]. From the perspective of practical applicability, the inclusion of RES
potential in the decision-making process while allocating public funding between local authorities
could help to achieve ambitious environmental targets quicker and to mitigate human impact on the
environment with more efficient management of resources.
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Figure A1. Dendrogram for poviats agglomeration, Ward linkage method with Euclidean distance–
solar energy. 

Solar energy

0 10 20 30 40 50 60

Linkage distance

P
ov

ia
ts

Figure A1. Dendrogram for poviats agglomeration, Ward linkage method with Euclidean
distance–solar energy.
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Figure A3. Dendrogram for poviats agglomeration, Ward linkage method with Euclidean
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5. Krstić-Furundžić, A.; Vujošević, M.; Petrovski, A. Energy and environmental performance of the office
building facade scenarios. Energy 2019, 183, 437–447. [CrossRef]
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Podziałów Terytorialnych Kraju—PRG. Available online: http://www.gugik.gov.pl/pzgik/dane-bez-
oplat/dane-z-panstwowego-rejestru-granic-i-powierzchni-jednostek-podzialow-terytorialnych-kraju-prg
(accessed on 4 January 2020).

59. World Bank Group Global Solar Atlas. Available online: https://globalsolaratlas.info/map (accessed on
4 January 2020).

60. World Bank Group Global Wind Atlas. Available online: https://globalwindatlas.info/ (accessed on 4 January 2020).
61. BioBoost. Available online: http://bioboost.eu/home.php (accessed on 5 August 2020).
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