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Abstract: The article presents an analysis of geographical-settlement and legal-planning conditions
for the development of Poland’s distributed generation. The choice of this country is important
and interesting due to the highly dispersed settlement, which may be a factor stimulating the
development of this type of energy systems. For this reason, the analysis can be a model for other
countries and regions, indicating ways to analyze and evaluate settlement and planning conditions
for the development of renewable and distributed energy. At the same time, Poland is struggling with
a severe crisis of spatial planning. By analysing these opportunities and threats, empirical analyses
try to indicate regularities in this respect in Poland’s regions in a detailed approach to communes
and detailed legal and planning conditions. The conclusions emphasise the usefulness of distributed
generation development for peripheral and sparsely populated areas of Europe and other parts of
the world and appropriate directions of changes in spatial development law.
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1. Introduction

The currently observed strong changes in the world’s energy sector make it necessary
to reconstruct current local and regional development views adequately. It applies espe-
cially to Poland, where when the world is experiencing an increasingly advanced energy
evolution, most of the energy produced is still obtained from non-renewable sources, in-
cluding geographically concentrated large professional thermal power plants (over 70% of
electricity in 2019). It is deeply embedded in this country’s history, including the model
of economic development chosen after World War 1II in the conditions of a command
and distribution system, consisting in the development of particularly energy-intensive
industries, and accelerated industrialisation [1,2]. Meanwhile, most of the more developed
countries have been observing a reorientation towards renewable energy sources (RES) for
at least two decades and a strongly related shift towards the deconcentration of energy
production, especially in rural and urban-rural transition areas [3].

At the same time, apart from the development of transport systems, energy production
is one of the fundamental factors determining the operation of infrastructure and the
movement of people and goods, and thus economic and social development. Hence,
ensuring optimal conditions for the development of energy and energy use becomes a
fundamental issue that also determines appropriate spatial development.
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With the problem formulated in this way, the article aims to identify barriers and
stimulants for the development of renewable energy in Poland, resulting from the set-
tlement, demographic, economic and formal-legal conditions of the spatial management
system. The research objective is also an attempt to find an answer to the extent to which
communes secure the areas for possible functions related to energy. It is an important
issue of a demand and supply nature, related to investment opportunities on the one
hand and spatial (and development) policies of local governments on the other. It is the
dimension of spatial policies that significantly determines the development of renewable
energy in Poland. The significant relationship of the indicated issues is confirmed by the
latest Territorial Agenda of the European Union 2030 [4]. The possibilities of locating the
energy sector guaranteed by the national spatial management systems are determined by
the priorities of “Fair Europe” and “Green Europe” included in the Agenda (regardless of
the above, renewable energy is promoted in other EU acts and documents [5]).

Considering the above goals, the following research questions were formulated:

(1) How does spatial policy in Poland determine the development of distributed renew-
able energy? In which ranges is it positive and stimulating, and in which negative
and destimulating?

(2) In which parts of the country is the planning situation better organised, and are there
any regularities related to communes’ morphological and functional specificity?

(3) In which regions of the country should the settlement structure be particularly suited
to developing dispersed renewable energy?

(4) What legal and planning actions should be taken to promote the development of
distributed renewable energy more effectively?

To answer these questions, in the empirical part, based on data on the development of
settlement in Poland, the correlation between the dispersion of settlement and the expan-
sion and reduction of energy emissions will be determined. In this context, Poland’s choice
as a research field is important and interesting for several reasons. First, it is the largest
country in Central Europe, undergoing the so-called political transformation after 1989 and
the economic system’s change from command and distribution (centrally controlled) to a
free-market one. Secondly, this country struggles with a crisis in spatial management, and
the scale of neglect in spatial planning is one of the largest in Europe [6,7]. It may cause
significant barriers to the development of renewable energy. Finding and describing them
should answer how to avoid and prevent such problems in other countries. Thirdly, Poland
is characterised by a highly dispersed settlement arrangement [8], which is constantly
deepening today [9,10], which translates into a different energy demand structure.

There follows a premise: the main thesis and the guiding axis of the article that
Poland’s settlement structure, especially in rural areas, may be a significant stimulator of
distributed generation of renewable energy. In the opinion of the authors, this problem
is insufficiently researched, and it can be a model for other countries and regions by
indicating the ways of analysis and evaluation of settlement and planning conditions for
the development of renewable and distributed energy. It is connected with better efficiency
of energy systems and broadly understood spatial organization as well as with energy
security. The literature highlights the mismatch between broadly defined spatial structures
and the challenges of both natural processes (especially climate change) and civilization
change [7]. This problem may be exacerbated by the post-COVID-19 pandemic situation,
as changes in the mobility of societies and locations of residence are predicted, involving a
greater desire to live in less populated areas, with lower population densities, in smaller
towns and villages [11].

These issues are connected to the challenges of public policies, especially spatial
policies (which is also the perspective of this article). It must be emphasized that the
implementation of RES investments, as well as other demands (such as those mentioned
above, included in the Territorial Agenda 2030) require adaptation and efficiency of spe-
cific spatial policy tools [12-14]. Also in this context, the Polish example is very good—
because it includes a system containing numerous inefficiencies of public authorities.
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The article indicates the relationship between these (presented) manifestations of inef-
ficiencies of public authorities and spatial policy tools and the real possibilities of RES
investment implementation.

The findings in the first part of the article will be related to the legal framework for the
location of renewable energy sources (and the planning problems that arise on this occasion).
Recognition of renewable energy sources in the legal framework required modification of
the scope of spatial policy tools, also covering the sphere of development of other areas. In
this regard, the article identifies possible spatial conflicts between the location of renewable
energy sources and the implementation of other functions of individual areas.

The article firstly analyses determinants of renewable energy development in Poland
against the background of global trends. Especially the European context was taken into
account. Then the methods were described. The next part includes the characteristics of
planning and settlement conditions in Poland. These parts, apart from referring to the
literature and legal regulations, contain the results of the study. The results are discussed.
The conclusions include a summary and recommendations for spatial policies.

2. Determinants of Renewable Energy Development in Poland against the
Background of Global Trends

The literature on the subject repeatedly points to the significant role of renewable
energy sources in social and economic development [15]. It is also why the role of national
policy and national conditions in shaping the energy market is so important [16-18]. This
role must often be reduced to various public authorities activities related to the economic
policy of states and regions [15-17]. In this context, it is particularly important to empha-
sise the energy policy’s role, also related to increasing the share of renewable energy in
total energy consumption [18]. Undoubtedly, the reference point on this occasion will be
income and energy consumption [19,20]. Among the key objectives of RES development
are both issues related to efficient management and ensuring wider environmental protec-
tion [21]. Besides, RES have a very wide potential, broadly responding to diverse forms
of urban demand [22,23]. This provides a basis for further postulates related to different
contexts of RES analyses and their effects [24], also in the context of linking public policies
with innovations.

Depending on the specificity of individual countries, the possibilities of obtaining
income and increasing the share of renewable energy directly depend on these countries.
The reasons for such differentiation may be broadly understood as natural conditions and
economic profitability [25-27]. Despite these differences, the very fact of the growing role
of renewable energy is beyond doubt, for example, in the context of the development of
rural areas, the development of the local energy value chain [28-32], as well as mitigating
climate change and greater care for the environment [33]. Recent studies also highlight the
important role of RES in the context of COVID-19 impacts [34].

In this context, we come to the issue of important determinants of distributed gen-
eration (DG), which include sources located independent of central planning and, at the
same time, with powers in the range most often from 15 kW to 10 MW [35-37]. Renewable
energy sources create specific conditions for the development of DG. They can be used
by medium and low-power plants located near consumers. Currently, apart from energy
production costs, there is also a technical barrier [38] to the development of distributed
energy and investment risk in competitive energy markets [39].

In Poland’s case, the power system’s current shape, adapted to large generating units,
is a serious problem (Polish coal-fired commercial power plants are among the largest in
Europe) [40]. The inclusion in the DG system of small units generating energy with different
technical parameters and the amount of energy production varying in time makes it difficult
to control and monitor the entire system. However, their implementation may bring many
technical, economic and environmental benefits, such as power improvement, reliability,
system safety, reduction of high-level investment outlays, or reduction of greenhouse gas
emissions [36,37,41].
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The literature points to numerous problems when conducting research in the aforemen-
tioned area. These include lack of knowledge on appropriate research software, broader
classifications and typologies of renewable and non-renewable sources, as well as shortages
in the literature on the subject [42]. It seems all the more appropriate to approach this
problem in different contexts, including those related to settlement and spatial policy. The
role of public authorities can be understood very broadly, for example, by increasing the
importance of the regional and local level (e.g., through appropriate legislative initiatives
that give more freedom in the organisation of local energy systems and independence
from the monopoly of energy suppliers). Increasing distributed energy resources at this
level is equivalent to the need to reorganise centralised energy systems in many cases [43].
Also thanks to the tools of spatial policy, diversified incentives (considered crucial in the
literature [44]) may be developed for the implementation—both on a national, regional and
local scale—of RES investments.

The above problem is well illustrated by the changes that have taken place in Poland
since accession to the European Union (2004) in connection with the increasing share of
energy production from renewable sources (Figure 1). Data are available for 16 voivodships,
which were grouped into 3 clusters according to urbanization level. In the less urbanized
regions, the level was the highest, but it stopped at the same level since 2014. The lowest
share was in the most urbanized provinces, which is due to higher energy demand, in-
cluding the location of industry. Meanwhile, these provinces through conventional power
plants contribute the most to environmental pollution, smog, etc. For example, the most
heavily industrialized Slaskie (Silesian) voivodship produced 21.6 TWh of electricity in
2019, while the share of renevable energy was only 4.4%. This example shows how serious
the problem is the structure of energy production in Poland in relation to the settlement
system of the country.

20%
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Figure 1. Share of energy production from renewable sources in Poland in 2005-2019 by level of
urbanisation of provinces.Source: based on data from Local Data Bank of Central Statistical Office
of Poland.

Therefore, there is no doubt that the issues mentioned above are important from both
a national and local perspective. In the latter context, it is related to the issues of spatial
policies [45]. As a rule, planning authorities act as energy users, participants of the compet-
itive energy market, local energy regulators, and investors and energy producers [46-49].
The local authorities can stimulate local communities to generate renewable energy for
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their needs [50]. The state must support the development of the energy sector in a way that
enables the achievement of specific socio-economic goals at the national, regional and local
level, which is partly at odds with the principles of economic freedom and competition in
the energy market [51].

The literature indicates that the location of a particular power plant itself is important
from a variety of perspectives [52]. Besides the question of location, other important issues
may be connected with the requirements of spatial policy. One of them may be the attempt
to define comprehensive urban energy planning, especially adapting it to predictable
changes in the environment [22]. However, the very aspect of integrating energy policy
with environmental protection is also important [20]. The basis for an adequate connection
of these spheres, apart from the demands of individual solutions [53,54], may be an
adequate spatial policy. It is from the perspective of specific spatial policy actors that it will
be possible to propose solutions to reconcile potential collisions of various policies and
potential spatial conflicts.

Issues related to the verification of RES development for Central European countries
were the subject of research. They show, among other things, that in all countries the
use of renewable energy generally has a positive impact on economic growth. In some
cases, the lack of some unambiguous statistical confirmation is due to the smaller scope of
renewable energy in these countries compared to other EU member states [55]. Besides,
internal variations also occur in the countries of Central and Eastern Europe [56]. They also
result from settlement characteristics. A particularly important condition is that Poland
belongs to the countries with a local settlement’s dispersed structure. It applies to both
typical rural areas and urban areas and, to a large extent, cities of various sizes. The
dispersion conditions are different for each of these settlement types: historical [57] and
contemporary [10]. The highly dispersed development is the basic reason for the high
operating costs of the technical and social infrastructure intended for its operation [58].
Against the background of the Central European region, Poland has the lowest renevable
energy share index (12.2). It should also be noted that this share increased between 2004
and 2019 by only 5.3 percentage points (in the other four countries, i.e., Austria, Czechia,
Hungary, Slovakia—by 8.3-11.1 pp.). These results show the importance of Poland catching
up with the requirements of Directive (EU) 2018/2001 of the European Parliament and of
the Council of 11 December 2018. At the same time, it justifies undertaking studies that
could accelerate the achievement of this objective.

3. Materials and Methods

The empirical analyses used unique data from the survey. The Central Statistical
Office sends to all municipalities (gminas) in Poland (2477 units in 2019) to cooperate
with the ministry responsible for spatial management. These data show the planned
directions of land use in communes in two types of planning documents: studies of the
conditions and directions of spatial development (commune studies) and local spatial
development plans (local plans). In this, the key question about the share of land intended
for industrial functions (allowing the construction of small power plants) was answered
in 2019 by 2302 units (nearly 93%), and of the 2325 municipalities with at least one local
plan—2302 (i.e., almost all). All larger cities were excluded from the analysis (i.e., cities
with poviat rights, where the conditions for the development of energy based on RES are
significantly different from those occurring in rural areas, urban-rural transition areas and
smaller towns.

According to the existing regulations, there is no strict definition of production sites in
the municipal study. It is treated by default as related to industrial production and facilities
(warehouses, stores). On the other hand, local plans use the category of “technical and
product development areas”, which include “areas of production facilities and warehouses”
and “mining areas”.
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In part concerning settlement analysis, data on the distribution of buildings and the
average distances between them were used. The data was obtained from the Database of
Topographical Objects (BDOT). A detailed description of this source can be found in [10].

Besides, data on the tangible effects of investments were used, i.e., the usable floor
area of buildings completed, broken down into residential and non-residential buildings
(data based on the Local Data Bank of the Central Statistical Office of Poland). Data exclude
non-residential farm buildings.

The analyses used the communes’ classification into ten types, prepared especially to
monitor spatial planning [59]. This classification was developed based on the deductive-
inductive method. A settlement system forms the “skeleton” with different administrative
and functional hierarchy levels. The remaining types of communes are separated mainly
because of their socio-economic functions and morphological features (Table 1).

4. Results—Determinants of the Location of Renewable Energy Sources in Poland
4.1. Planning Conditions

The Polish spatial planning system’s numerous weaknesses have been pointed out
for years [60-62]. They have recently been expressed by defining and distinguishing
the specific costs of spatial chaos [10]. At the local level, three direct spatial policy tools
are distinguished: studies of the conditions and directions of spatial development, local
spatial development plans and decisions on building conditions and land development.
The studies of the conditions and directions of spatial development are documents of a
creative and conceptual nature. The regulatory action is the local spatial development
plans, which bind the purpose and principles of land development. However, local plans
are not obligatory: municipal authorities freely decide on their adoption. Often barriers
to their enactment are concerns about the compensation consequences that municipalities
would have to pay to property owners.

A problem in the Polish spatial management system is that studies of the conditions
and directions of spatial development have limited impact. Their provisions are only
binding for local spatial development plans. However, local plans are not obligatory (and
have not been enacted in most parts of Poland). In this situation, many municipalities do
not create a broader spatial policy. On the other hand, even the fact of enacting local plans
is not synonymous with positive effects. Very often, local plans are constructed incorrectly
(and cause doubts in interpretation [63]). Many municipalities, fearing claims of property
owners, allow too wide development in their local plans.

Moreover, spatial policy tools at the local level are still not sufficiently integrated
with other policy acts, such as local development strategies [64]. It is possible (and often
happens) that such documents diverge completely. In the Polish spatial development law
there is a principle of municipality independence. This means that the municipality may
shape the local space on its own, unless the specific possibilities of interference are directly
assigned to the supra-local level of government. At the same time, the Polish spatial
planning system strongly (in the authors’ opinion too strongly) protects the individual
rights of property owners [65]. It contributes to numerous spatial conflicts and barriers to
the protection of spatial order [66].

On the other hand, in a situation when a local plan does not cover a given area, an
administrative decision becomes a specific counterpart of the plan (a decision on building
conditions and land development, completely ‘detached’ from the local planning order,
often independent of the content of the study of conditions and directions of spatial
development [67]. Such decisions protect the spatial order even less than other spatial
policy tools [68]. In order to issue such decisions, municipalities must verify whether the
criteria set forth in the law are met. In practice, these criteria are formulated in very general
terms and in different cases they are interpreted quite differently.
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Table 1. Characteristics of the analysed communes (gminas) in Poland, for the year 2019.

Included in the Number of Population
Type* Analysis Communes Area (km?) ("lli’hous.)
A No 33 5004 9563
B Yes 265 27,589 4873
C No 55 3399 4322
D Yes 201 21,468 2452
E Yes 142 10,265 3783
F Yes 137 19,964 1435
G Yes 222 33,856 1817
H Yes 496 62,971 3048
I Yes 665 86,532 5179
J Yes 261 41,657 1910
Total (Poland) 2477 312,705 38,383
Total % (“Yes”) 96.4% 97.3% 63.8%

* A—functional urban areas of voivodeship capitals; B—their external zones; C—functional urban; areas of
subregional centres; D—their external zones; E—multifunctional urban centres; F—gminas (communes) with
developed transport functions; G—gminas with other developed non-agricultural functions (tourism and large-
scale functions, including mining); H—gminas with intensively developed agricultural functions; I—gminas with
moderately developed agricultural functions; ] —extensively developed gminas (with forests or nature protection
areas). Source: based on Sleszyriski and Komornicki classification [65] and data from the Ministry of Development
and Central Statistical Office of Poland.

The basic planning order shaped in this way in Poland is modified by numerous
sectoral laws. The conditions for the implementation of individual investments are also
influenced in a different way. This also applies to investments in renewable energy sources.
Problems occur with both the use of local plans and location decisions. In the case of local
plans, the investments in question are presented in an inconsistent manner. A frequent
tendency is limiting the scope of RES investments, as well as including them in an unclear,
undefined way. This causes specific barriers in the implementation of investments [69].
Changing investment needs (or the need to clarify them) will usually require a time-
consuming amendment to the local plan.

On the other hand, potentially overly broad permissions for designated investments
in local plans exacerbate spatial conflicts. The situation is even worse in the case of RES
investments carried out on the basis of decisions on development conditions. Judicial
decisions on the conditions of considering investments under this procedure are very
diverse, which creates chaos when applying specific criteria.

The Polish legislator has separately addressed the planning basis for the implemen-
tation of wind power plants. The Act of 20 May 2016 on investments in wind power
plants introduced (in Article 3) the principle that the location of wind power plants that
are not micro-installations can only take place on the basis of local spatial development
plans. Moreover, investments in wind turbines may be implemented at a certain distance
from residential developments (residential buildings or buildings with mixed functions
including residential functions). The minimum distance in this respect must be equal to ten
times the height of the wind turbine. A local plan adopted for an investment specifying the
location of a wind power plant must cover the entire area associated with the obligatory
development restrictions.

The above solution is rigorous, especially in relation to the previous legal status. The
said restriction is binding not only for the realization of an investment in the scope of a
wind power plant, but also for the realization of residential buildings in a close proximity to
the completed wind power plant (and on this occasion it applies not only to local plans, but
also to decisions on development conditions). At the same time, it should be stressed that
under the legal status before the enactment of the act in question, there were no top-down
(statutorily imposed) limitations of this type (only the limitations of permissible noise
levels for specific developments could be derived). As a result, power plants were built in
too close proximity to buildings, especially residential buildings.
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A certain problem in the context of spatial policy is also the lack of differentiation of
competencies of municipalities with respect to specific types of municipalities. This means
that e.g., authorities of agricultural and urban communes have exactly the same spatial
policy tools at their disposal. At the same time, the role of the powiat level in this context
(a higher local government unit than municipalities) is negligible.

Planning securing the areas for functions related to the energy sector depends not only
on the legal framework but also on the widely understood planning practice adopted in a
given country. Planning coverage with applicable local plans means conscious planning
for future use and securing land for investments of various activity profiles, including
RES infrastructure facilities. In Poland, at the end of 2019, there were 55.6 thousand valid
local plans and another 9.0 thous. were in the design process (including 54.6% of their area
related to the existing plan change). The coverage was very uneven, both between regions
(Figure 2) and in the types of communes (Table 2).

Coverage of the municipality's area

with local plans in force (2019)
0 1|o 25 50 90 100% v Q
LR 50 100 km nolocal plans |

in force

Figure 2. Planning coverage in Poland, for the year 2019. Source: based on data from the Ministry of
Development and Central Statistical Office of Poland.

Table 2. Planning coverage by commune type and by population density, for the year 2019.

Planing Including in Communes with Population Density
Commune Type Coverage (%) (Persons Per 1 sq. km)
Total Below 50 50-150 Above 150
BD 42.1 13.6 39.0 63.4
EFG 29.9 21.4 36.5 42.0
HIJ 28.1 23.6 33.1 58.0
Total 31.2 22.7 35.1 54.0

Source: based on data from the Ministry of Development and Central Statistical Office of Poland.
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In general, in Poland, it is visible that the planning coverage is high in the south of the
country: in the Dolnoslaskie, Slaskie and Matopolskie voivodeships, as well as in Lubelskie
and partly Opolskie. In many communes of these regions, all communes or slightly less
(90%) are covered by local law’s binding document. In other voivodeships, this indicator
is high only in some areas, including agglomerations (coming from the north—Szczecin,
Tri-City, Poznan, L6dz, Warsaw, Kielce).

At the other extreme, there is the northern part of the country, including its part of
the lake district (especially the Zachodniopomorskie, Lubuskie, Kujawsko-Pomorskie and
Warminsko-Mazurskie voivodeships). In the south of the country, it is the Podkarpackie
Province. The planning coverage indices there generally do not exceed 10% of the area of
communes. In 146 communes in Poland (out of 2477 existing ones), in 2019, there was not
a single local plan (e.g., concentrations of such communes are in Podlasie).

If the municipalities are grouped by population density (Table 2), it turns out that there
is a clear relationship with the planning coverage. It is the lowest in sparsely populated
communes (less than 50 people per 1 km?). The most disturbing fact is that the low coverage
in this category of population density occurs in B and D types, i.e., suburban zones (only
13.6%). In general, coverage is also lower in typically rural areas (HI]—28.1%) and urban
areas outside agglomerations (EGF—29.9%). On the other hand, in the mentioned suburban
zones (BD), the coverage is relatively high (42.1%), though certainly too small relating to
the needs resulting from intensive suburbanisation processes.

However, the planning coverage itself is not the only and exhaustive indicator that
would assess the protection of areas for various functions. Next, Figure 3 and Table 3
show the share of the area intended for production functions in local plans, which should
illustrate the protection of the areas for energy investments. In total, there were 403,000 ha
such areas. On average, it was 1.29% of communes’ area for the whole country, and again
the least in the least populated areas (0.68%). However, it is worth noting that such areas
are anticipated in many municipalities where coverage is low (in northern Poland). But
even there, these areas generally do not exceed 1% or even 0.2% of the communes’ area.

Liberec “TablaN" Lo
Macie nt.

dé Boleslay

Hradec Kralové,
PRAGA\ L, o

Share of areas of technical-production
functions in local plans (2019)
0.2 5 25.0%

1 "
no technical-production

T R functions or lack of data

Figure 3. Share of the area of communes allocated to production functions in the spatial development
local plans (local plans), for the year 2019 (relating to the area of communes). Source: based on data
from the Ministry of Development and Central Statistical Office of Poland.
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Table 3. Share of the area of communes with the production function planned in the local plans, for
the year 2019.

Planing Including in Communes with Population Density
Commune Type Coverage (%) (Persons Per 1 sq. km)
Total Below 50 50-150 Above 150
BD 2.19 0.65 2.08 3.21
EFG 1.19 0.36 1.28 3.73
HIJ 0.93 0.77 1.04 3.34
Total 1.29 0.68 1.32 3.79

Source: based on data from the Ministry of Development and Central Statistical Office of Poland.

Besides, the documents of the study of the conditions and directions of spatial devel-
opment for production functions provide for 592 thousand ha (data from 1687 communes
for 68% of their number and 66% of the country’s area). It is on average 2.9%, the highest
in urban types A and C (7.6-8.7%), and the lowest in types D, F, G and H (less than 3%),
including type G—1.2%.

All in all, it should be acknowledged that the features resulting from the planning
documents are not favourable for locating the energy sector in Poland. Securing the sites is
only available in a smaller part of the country. Moreover, apart from the indicated data,
one should bear in mind the varied content of planning provisions. As indicated above,
the mere fact of a specific destination of the area does not constitute a guarantee that a
given investment will be implemented quickly and without problems (judging only from
the planning perspective). Barriers related to the Polish spatial management system (also
the lack of sufficient flexibility in planning) will be noticeable also in the described context.
More problems may arise when using a tool alternative to local plans, i.e., the decision
on development conditions. One should also bear in mind the institutional limitations in
implementing investments in wind farms implemented based on local plans.

4.2. Settlement Conditions

Poland’s settlement structure’s uniqueness results from the fact that it was shaped
as a result of special historical influences, including significant shifts of borders in the
20th century. Regions of Poland’s present-day territory developed basically independently
of each other, which allowed for the emergence of large cities. After the Second World
War, a large city system, known as polycentric, was finally formed. However, historical
processes also had an overwhelming influence when it comes to small towns and rural
settlements. The foundations of the rural settlement structure were formed as early as
in the Middle Ages and under the influence of feudalism, which determined agrarian
relations and the distribution and size of villages [57]. The agrarian relations were quite
different in individual magnate states, and additionally, this was due to the different natural
conditions. The situation in the nineteenth century had a significant impact. When the
European countries were undergoing the industrial revolution and intensive urbanisation,
Poland was a country divided among the partitioning states that pursued various policies
in this regard.

Nowadays, in Poland, we can distinguish three partition zones (Russia, Prussia,
Aussie) with differently advanced urbanisation processes, as well as historically indus-
trialised (Silesia) and peripheral lands (Lubusz, Pomerania) of the German states. Two
regularities follow from this. First, the area with the highest population density has the
shape of a triangle, the base of which is the south of the country, and the peak is in the
Tri-City. Secondly, there are different types of rural settlement in the country. The south is
dominated by large and quite densely distributed villages, and in the north—small and
rare (Figure 4).
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Figure 4. Typology of rural settlement in Poland in terms of village size and distribution, for the year
2019. Source: based on data of the Central Statistical Office of Poland.

In Poland, after around 1995, the process of centrifugal dispersion of buildings is
progressing, and thus the deconcentration of settlement is part of the suburbanisation
process [70,71]. Buildings “spread” far beyond the administrative borders of cities, as
well as in many rural areas, especially attractive for tourists. However, it is not a simple
“spreading” in Polish conditions, consisting of a gradual, relatively regular, centrifugal and
elongated along the roads, occupying successive stretches of land, called “urban sprawl”
in Western literature. In Poland, it consists of the chaotic induction of buildings in places
that are often very distant from the previous settlement [72]. Between them, there are
undeveloped, extensively developed spaces.

In total, the observed and growing dispersion of buildings and the deconcentration
of settlement systems directly increase their functioning costs. It concerns three aspects
resulting from lower population density and greater distances between places of residence,
work, and services [10]:

- construction, modernisation, and maintenance costs of all line and point infrastructure,

- the costs of establishing relationships since places with different socio-economic
functions are too far away,

- lower or no synergy effects and the so-called agglomeration benefits (scale).

The total costs of this are estimated at over PLN 80 billion per year.

The last data on the size structure of rural settlement in Poland comes from 2009. In
this period, 41.7 thous. villages (Table 4). The vast majority of the rural population was
concentrated in medium and large villages (101-3.333 inhabitants—90.2%). On the other
hand, the number of villages up to 100 inhabitants was relatively large (22.1%), but they
concentrated only 3.7% of the rural population. The share of villages with such a few
inhabitants was characteristic, especially in the country’s north-east (Figure 5).
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Table 4. Size structure of villages in Poland, for the year 2009.
Size Number of Share of Number of Share of
Villages Number (%) Population (thous.) Population (%)
<33 1450 3.5 22 0.1
34-100 7751 18.6 537 3.6
101-333 19,499 46.8 3822 254
334-1000 10,168 24.4 5575 37.0
1001-3333 2587 6.2 4178 27.7
>3333 204 0.5 939 6.2
Total 41,659 100.0 15,073 100.0

Source: based on Central Statistical Office of Poland data.

Share of rural population
in the smallest villages (up to 100 inhabitants)

0151015 25 %
|

« villages >1,000 inhabitants [
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Figure 5. Share of the rural population in the smallest villages (up to 100 inhabitants). Source: based

on Central Statistical Office of Poland data.

Moreover, there were very few large villages (over 1000 inhabitants) in this area. It
is worth noting that this is a region with a high value for the natural environment, not
accidentally known as the “Green Lungs of Poland” [73]. Hence, the use of RES-based
distributed generation seems to have particularly strong foundations there.

5. Discussion

The described issues are part of settlement efficiency’s fundamental problem and the
optimal degree of concentration of various functions and activities. In this respect, energy
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production, distribution, and consumption are not yet satisfactorily identified and certainly
require further research [74]. Even in very sparsely populated countries, the geographic
and settlement conditions for the development of distributed energy are practically not
discussed [75]. Meanwhile, the low efficiency of settlement systems in rural areas causes a
reduction in “functional efficiency” and the ineffectiveness of traditional energy supply
methods [76]. Examples of studies from Poland using the Minimum Spanning Tree (MST)
methodology show that the indicators of the efficiency and effectiveness of the technical
and settlement network in rural areas differ even ten times [77]. It creates enormous
potential for more rational planning of energy systems (electric, heating). It seems that in
the light of the empirical analyses in the previous section, this has been well documented.

In scattered development areas, the infrastructure network’s length per person (per
household) must be longer and thus more expensive. This is the case of Poland [58]. Hence,
many rural areas of Poland have unfavourable conditions for the development of traditional
linear infrastructure but favourable for the development of distributed generation. It is
especially true of the northern part of the country, where the settlements are far apart, and
the villages are small.

On the other hand, it is worth pointing to the south of the country. The problem of
low emissions from traditional coal and wood-fired heating boilers is related to specific
natural conditions in mountain valleys and land depression, very unfavourably exposed to
smog [78]. Due to Poland’s size, the importance of these issues is very great and may bring
important conclusions for planning energy systems in other countries. The analysis of the
contents in local spatial development plans shows that the problem may be securing land
for energy infrastructure in many areas of the country.

In the context of the spatial management system’s conditions, it is worth paying
attention to several issues. First, the way of presenting the tools of spatial policy determines
the effectiveness of the implementation of energy investments. In Poland’s case, both the
indeterminacy of a significant part of local spatial development plans and the unclear
statutory provisions relating to development conditions” decisions determine the extension
and actual blocking of this type of investment. The dependence of the clarity of planning
regulations and the efficiency of energy investments implementation requires examination
in other countries with different regulations and different planning practices [75]. To a
limited extent, it may be a factor that determines the development of the energy sector,
noticeable so far in the literature on the subject.

The issue of spatial conflicts that arise during the implementation of larger energy
investments in wind farms is also important [79]. In the first place, they relate to the
protection of the cultural landscape and possible collisions with the housing function.
There is a discussion on how significantly different considerations regarding the protection
of the cultural landscape may limit the possibilities of development (and implementation
of energy investments) in the legal sphere [80]. The authors believe that this scope should
be wide, and detailed analyses should be reflected as broadly as possible in legal and plan-
ning regulations (which must be considered when determining the scale and investment
opportunities in the field of energy). Moreover, it can be indicated that some publications
also differentiate the impact of individual RES on the environment [36,37,81]. Therefore,
there is no doubt that the spatial policy perspective should balance the indicated problems
and interests.

Changes in the spatial policy should contribute to solving these problems. On the
one hand, it is related to the demand to specify the scope of environmental, nature and
landscape protection in the Polish spatial management system. At present, the terminologi-
cal diversity is too wide (also in law), which generates spatial conflicts to an even greater
extent. The role of local municipal authorities seems to be important; through their own
analyses, they should define threats to environment, nature and landscape much better
than it is now. Better definition of threats will make it easier to correlate spatial policy
with the goal of implementing RES investments. This problem is important in the context
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that, as shown in the Results section, the planning coverage is particularly low in areas
especially predestined for renewable energy development (northern and eastern Poland).

Another sphere of significant conflicts concerns housing development. Firstly, resi-
dents’ protests may lead to limitations in implementing investments, even if the formal
framework theoretically does not prevent it. Hence, in this context, the postulate of deepen-
ing social participation in the development policy, including spatial planning, also seems
to be right. No such blockages appear at the implementation stage [81]. It should also be
remembered that these investments play an important role in improving the inhabitants’
quality of life. Secondly, after 2016 large investments in wind farms are subject to significant
restrictions in the development of neighbouring areas in the Polish reality. Determining the
possibility of implementing such an investment in local plans is equivalent to prohibiting
development around it. Especially in the case of scattered development, it may cause accu-
sations of blocking the residential function’s development. These dilemmas are interesting,
especially in the context of signalling in the literature on the need to reconcile diffused
energy facilities” location and operation with other purposes related to land use [82]. It
makes it even more important to reconcile individual expectations when developing rural
areas [30].

The above circumstance leads to the deepening of barriers in implementing invest-
ments in the field of large wind farms—even because it is often difficult to find an area
that would meet all distance requirements. Thus, another dilemma is noticeable on this
occasion: balancing the relationship between the scope of protection of residential areas
and the effective implementation of investments in the field of wind farms. There will be
much fewer problems in determining the planning foundations for implementing micro-
installations (including distributed energy). Of course, the barriers mentioned above to
the possible ambiguity of post-planning and ambiguities related to the interpretation of
regulations related to spatial development appear on this occasion. Nevertheless, the
implementation of this type of investment does not face such barriers as those resulting
from the act on investments in wind farms (without causing any damage related to the
exploitation of non-renewable energy sources).

Poland’s case also shows how the framework related to the local spatial policy can
be a derivative of specific administrative-political decisions. This issue is all the more
important because local authorities’ role in energy policy is strongly emphasised in the
literature [83]. Based on the conducted research, it is possible to confirm the importance of
local authorities in this respect [47,48] and the validity of further expectations towards the
authorities [50]. In the Polish spatial management system, the change allowing for a much
wider inclusion of micro-installations in local plans entered into force in 2016 (previously,
micro-installations were associated only with the production purpose of the area, and a
significant part of the jurisprudence indicated that they must be directly provided for in the
plan). The change resulted from both the discussion on the importance of renewable energy
sources for individual countries and the European Union’s examples and recommendations.
Thanks to this, it is possible to implement micro-installations not only in areas with assigned
production purposes.

However, it should be emphasised that the interpretation dilemmas in the Polish spa-
tial management system are related to entirely formal and legal issues. Both the problems
with the interpretation of local plans and the different qualifications of micro-installations
in the context of the decision on land development and development conditions do not lead
to better land development (or even to a discussion in this respect), but to the problems
related to the interpretation of the regulations that obscure this context. It requires cor-
rection, especially when recalling the European Parliament’s recommendations regarding
the transparency of administrative procedures related to a certain freedom of action by
planning bodies. Wider use of soft (e.g., informal) spatial policy tools could be helpful here.

The case of Poland confirms that the quality of specific spatial policy tools and the
related quality of spatial policies themselves significantly affects the implementation of
other sectoral objectives. This is the case of RES investments. Problems related to the
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interpretation of local plans or conditions for issuing decisions on development conditions
can often prolong or block the implementation of specific investments. In the long-term
perspective, they may even determine the very concept regarding the scope of RES invest-
ments. This is why it seems so important to improve the current factual and legal situation
in Poland. The necessity of broadening and adapting the analyses of spatial determinants
to different levels of spatial policies has been already indicated [84].

Improving the quality of these analyses and adapting them to the local spatial policies
is very important. It also seems important to ensure (at a later, implementation stage) some
flexibility in planning. This should include at least some of the investments. The scheme
would be such that the spatial policy tools based on the spatial development analyses
would create certain frameworks, which would be specified in detail at the implementation
stage (a similar principle is based on e.g., the British spatial planning model) [85-87].

In the context of the discussion on the integrated model of development planning,
it is worth pointing to the need for a more coordinated energy policy and spatial policy
integration. It can be reflected in integrated energy plans that consider spatial conditions.
The recommendations contained in the 2030 Territorial Agenda can be a particular inspi-
ration here. The more so as it is addressed to various stakeholders (not only the central
level of individual countries) [88]. The specific conditions and potentials of individual
countries, indicated in the literature review as the basic point of reference for energy policy
issues, perfectly correspond to development policies’ focus on specific places promoted in
the Agenda.

The implementation of the Agenda 2030 guidelines may pose interesting challenges,
also for local spatial policies [89]. Agenda 2030 defines the key directions, but its advantage
is that it leaves a lot of flexibility for specific public authorities. The place-based policy
proposals contained in the Agenda can therefore be applied holistically to the case of Poland
(and its settlement specificity in the context of RES investment opportunities), as well as its
specific areas. The concept of expanding RES investments should also be correlated with
the concept of “Green Europe” included in the Agenda. While discussing public policies, it
is also worth noting in passing that the COVID-19 pandemic is an opportunity to redefine
many aspects of these policies [90]. It also provides a basis for developing new approaches
to public policy tools. Adaptation of spatial policy tools to the indicated postulates is also
fully in line with these trends.

To conclude the discussion, it is still worth noting the problem of locating renewable
and distributed energy systems in the context of the social situation, including energy
exclusion [91]. Other studies show that sparsely populated areas in Poland with dispersed
settlement are also problem areas [92], subject to economic stagnation and depopulation.
Meanwhile, the implementation of renewable energy for single households is most often
associated with serious unit costs at the beginning of the investment. This requires a
particularly skillful development policy at the local level, but also regional and national
support programs in the form of an offer of economic instruments (e.g., subsidies). This is
all the more so as the first studies from Poland indicate a widening of energy poverty due
to the COVID-19 pandemic [34].

6. Conclusions

Answering the research questions posed in the introduction, based on the analyses
performed, it can be indicated that dispersed development in Poland is a factor favourable
for the development of a RES-based distributed generation. Its implementation, especially
with the domination of non-renewable energy sources, is associated with limiting potential
spatial conflicts. It is also confirmed by a relatively smaller number of spatial conflicts
regarding implementing these investments (especially if we refer to wider problems of the
spatial management system). Planning doubts and ambiguities do occur, of course, but
on a much smaller scale. Anyway, the direction of reducing these ambiguities should be a
wider adaptation of local spatial policy tools to the types of renewable energy sources (e.g.,
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wind, solar, water). Consideration should also be given to allow for smaller power plants,

particularly biomass power plants, to be located in residential areas.

The above conclusions confirm the thesis about the high homogeneousness of the Pol-
ish law of spatial development. The diagnosed barriers constitute the basis for confirming
that the legal regulations do not consider the needs related to the differentiation of the
applicable guidelines and their adaptation to the diverse settlement structure. Problems
regarding the classification of micro-installations as public purpose investments and techni-
cal infrastructure devices confirm the thesis that in the Polish spatial management system,
overly detailed, formal and legal perception of individual solutions contributes to artificial
dilemmas, introducing unnecessary barriers and difficulties. Additionally, this formal
and legal approach does not bring the expected results to prevent spatial conflicts. In this
context, key directions for changes can be recommended. First, they should reduce to
covering larger areas (constituting a whole in terms of functionality) with local plans. Such
local plans should consider the guidelines related to integrated development planning, i.e.,
their decisions should be based on broader analyses, considering the context and needs of
energy policy (the more so as it should also be different for individual areas). The direction
limiting the detail of planning regulations (and the related non-substantive dilemmas)
may be at least a partial introduction of flexibility in planning (based on the British spatial
management system). It is also connected with broadening the scope of application of soft
(e.g., informal) tools of spatial policy.

Based on the analyses carried out, the following recommendations can be made for
spatial policies:

- expanding the role of analyses in spatial management—first of all on a local scale (a
postulate both to local authorities and national authorities responsible for the entire
spatial management system);

- wider correlation between the conditions for RES investments and the requirements
of environmental, nature and landscape protection (both to the local authorities and
national authorities);

- Clarification of the scope of local spatial policy tools and the introduction of greater
flexibility at the implementation stage (demand to national authorities);

Include these proposals in the context of discussions on changes in public policy
caused by the COVID-19 pandemic (request to local and national authorities), also in
relation to the problem of energy exclusion.

It should also be emphasised that there is potential for further research. Such studies
should specify which of the DG/RES types would be the most optimal from the point
of view of efficiency and rationality for different areas. As has been shown, the north-
eastern part of Poland is an area with a particularly large share of small villages (less
than 100 inhabitants). In comparison, there are many large villages in the southern part of
the country (more than 1000 inhabitants). This type of analysis should also be included
in the formal and legal framework defining the spatial management system’s principles,
differentiated by territory. Other directions for further research should address:

- comparison of barriers when applying spatial policy tools in different countries;

- ways of solving spatial conflicts when determining the location and implementation
of RES (including distributed renewable energy production) in different countries;

- public participation in RES planning and implementation process. There is no doubt
that dispersed development can be a significant stimulator of distributed renewable
energy production. For this to be possible, it seems of key importance to modify
the current spatial policy tools, first to the extent that will guarantee a wider than
currently differentiation of the conditions for the development of individual areas.

For the reasons mentioned above, it can be concluded that the securing of land for
the energy-related functions by communes is insufficient. The implementation of most
large wind farms in many places is indeed blocked or very difficult. Regarding distributed
energy, within the framework of spatial policy tools, some grounds for further actions and
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facilitation can be found. However, procedural barriers (related to the interpretation of
detailed provisions) are often serious obstacle.

Conclusions from the presented research for Poland are also crucial for other countries
or will undergo energy transformation. The use of distributed renewable energy may prove
particularly useful in peripheral and depopulating regions (the Iberian Peninsula, southern
Italy, Central and Eastern Europe).
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