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Abstract: Aim of the research is to analyze regional gaps in terms of renewable energy generation
across Poland. For this purpose, four types of regions were outlined based on two indicators: the
existing renewable energy generation capacity and the current regional energy demand revealed
through the number of residents. This classification allowed to reveal regions in Poland that have
distinct features of energy gaps and peripherality, while also more successful regions with renewable
energy surpluses and distinct sustainable energy potential. For each of the region type key potential
systemic problems in terms of renewable energy generation development were given. To understand
how peripheral regions and regions with energy gaps could be supported in their development
of renewable energy generation the regional innovation systems, social networks, knowledge and
technology transfer and diffusion were substantiated. Results of the research can serve as an aid in
development of national and regional energy policies, helping to understand peculiarities of local
renewable energy generation and the influence of enabling environment peculiar to the specific
region, including the regional innovation systems and intensity of knowledge transfer and diffusion.

Keywords: renewable energy; energy policy; regional innovation system; social network; knowl-
edge transfer

1. Introduction

Renewable sources of energy are among key sustainable development elements that
are perceived as the future of our planet and can help in its environmental protection while
satisfying the energy needs of global society. Due to the progressive economic development
and the growth of the world’s population the supplies of various fossil fuels necessary
for energy generation are rapidly declining. Yet what is as important—the impact of en-
ergy generation from fossil fuels is polluting the environment and causing an intensifying
climate change, thus leading to unpredictable consequences and shifts in various areas:
weather events, climate zoning, plant growth patterns and biodiversity [1–3], and last but
not least—human health [4]. These issues and the fact that their cause is mainly anthro-
pogenic [5–7] is the reason numerous state governments and international organizations
are taking actions to intensify shifting the societies and their economies toward sustainable
development patterns and thus reducing or even stopping the unfavorable environmental
and economic trends.

The European Union is especially active in this sense implementing policies aiming at
large-scale transformations toward renewable energy generation, reduction of greenhouse
gas emissions, and limiting the pollution of the environment. EU’s Climate and Energy
Framework [8] is one of such policies setting 2030 as their target year. Its basis is the recast
Renewable Energy Directive (RED II) [9] with its key joint EU goals being: (a) at least 32%
share for renewable energy, (b) at least 32.5% improvement in energy efficiency, and (c)
40% cuts in greenhouse gas emissions (compared to 1990 levels).
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To reach the joint renewable energy goal each EU country has set their 2030 targets
within their National Energy and Climate Plans (NECP) [10], ranging from 10% in Malta to
49% in Sweden, with an average 22% share in the final consumption among all 27 states.
Yet, due to the recent introduction of the European Green Deal these targets are to be
updated, as in order to achieve the planned climate-neutrality by 2050 a reduction of the
core indicator—the greenhouse gas emissions—needs to reach 55% by 2030, thus requiring
changes in the corresponding elements of the energy sector. In terms of the share of
renewable energy in the final consumption the European Commission expects the target to
increase from 32% to 38–40% at the EU-27 level [11].

Such ambitions will require intensified efforts from each EU member state, yet some of
them are already struggling to reach the first stage levels—the ones set for the 2020 within
the initial Renewable Energy Directive (RED I) and corresponding National Renewable
Energy Action Plans. Our analysis of the current progress toward achieving the 2020
national renewable energy goals shows (Figure 1) that by the 2019 (more recent data is
still not available [12]) nine countries were behind the schedule. The largest gaps were
manifested by France (5.8 p.p.), the Netherlands (5.2 p.p.), Ireland (4 p.p.), and Luxembourg
(4 p.p.). Among these countries is also Poland being 2.8 p.p. short of the 2020 goal, while
the 2030 target of 21% of renewables in the final energy consumption implies the need of
additional 6 p.p. to reach it. Future updates due to the European Green Deal will increase
this obligation further.
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Figure 1. Actual (2019) and targeted (RED I by 2020 and RED II by 2030) shares of renewable energy in gross final energy
consumption in the EU-27 countries. Source: own compilation based on [10,12,13].

These expectations will require intensification of efforts from both Poland and other
EU countries. Overall, the pace and efficiency of changes in the energy generation struc-
ture are determined by various economic factors related to the possibility of financing
and conducting the modernization of energy infrastructure, both at the level of energy
suppliers and consumers. However, apart from economic factors, non-economic factors
of a social and organizational nature also deserve attention. This differentiation is further
deepened by regional peculiarities and varying levels of socio-economic development, thus
leading to forming of permanent leaders and outsiders among regions, thus deepening the
differentiation further due to occurrence of a system archetype [14] called “success to the
successful”, having an adverse impact on peripheral regions.
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Therefore, the article aims to define the existing gaps in renewable energy generation
across districts of Poland and to broaden the knowledge about the combined role of
regional innovation systems, networks of enterprises and institutions in the process of
knowledge and technology transfer and diffusion. It is put in the context of renewable
energy generation development taking into account specific conditions of four outlined
types of regions in regard to their energy generation capacities and further generation
potential. The general theoretical framework is based on the theory of regional innovation
systems [15,16], social networks [17] and the concept of “gatekeepers of knowledge” [18].
While this study is based on the case study of Poland, it helps to deliver new knowledge
about the processes of renewable energy development typical for other countries as well,
especially in the Central and Eastern Europe.

The need to intensify the further spread of technologies and their implementation
in various regions arises not only from the necessity to increase the share of renewable
energy generation to achieve the set targets. Decentralization of energy generation has also
been emphasized upon by the RED II [9] stating that “the move towards decentralized
energy production has many benefits, including the utilization of local energy sources,
increased local security of energy supply, shorter transport distances and reduced energy
transmission losses. Such decentralization also fosters community development and
cohesion by providing income sources and creating jobs locally”. It is also supporting the
transformation toward ensuring of local and sustainable energy access [19], and minimizing
possible energy access risks.

The conducted research revealed that in the diffusion of technologies and innovations
in the field of renewable energy generation, the flow of knowledge and information is
important, as it helps to raise awareness about the necessity of transformation toward
renewable energy, as well as simplifies the access to innovational solutions and technologies.
Such knowledge relates, inter alia, to the general characteristics of renewable energy
sources, which are the resources obtained within natural processes that are not depleting
limited natural supplies and are an alternative to conventional non-renewable energy
sources. This knowledge is relatively well communicated and understandable to the
majority. However, it can be difficult to understand the process of conversion between
energy sources and how to engage the transformation in practice. As technologies and
solutions constantly develop based on ongoing scientific research, there’s a necessity to
make this information more accessible and understandable. Currently, nine different
sources of renewable energy are used in Poland, the main ones being the solid and liquid
biofuels, as well as the wind energy (Figure 2). It is also worth mentioning that the
structure of renewable energy generation in Poland is not yet highly diversified and differs
significantly from the corresponding structure of the European Union.
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Figure 2. Structure of generated renewable energy by types of installations in Poland in 2019. Source: [20].

There are various factors causing the existing disproportions in the presented structure
of renewable sources of energy. These include, among other, the state support and permit
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systems, investment costs, local conditions (e.g., territorial, infrastructural). Yet among
other crucial factors are also knowledge level and rate of diffusion of innovations and
technologies. When looking at regional level, the energy generation there takes place
under specific conditions depending on particular region, which could be unbeneficial in
case of unfavorable economic and social conditions. This is especially visible in case of
peripheral areas, which are characterized by a number of negative phenomena caused by
weak economic and social structure, low population density, low level of human capital,
low infrastructural development, lack of available and adequate financing sources for
implementation of new advanced technologies. Therefore, such areas require a separate
approach in the context of renewable energy generation development. In the process of de-
veloping the energy innovations, apart from traditional factors related to the development
of technologies and their financing, non-economic factors related to social relations and
knowledge-flow networks are equally important. In the literature on the subject [21,22], the
concept that has already gained a large group of supporters and constitutes the theoretical
framework for the implementation of innovation and the flow of knowledge is the existence
of regional innovation systems. So, what purpose can they serve in regard to renewable
energy generation?

The knowledge and practical skills in the field of renewable energy generation are
often developed and shared within limited scientific environments or enterprises involved
in production of dedicated equipment. The knowledge gap arising from this fact is not
the fault of these professional communities, yet is appearing due to technical limitations,
complexity of issues and solutions, and lack of direct networking platforms involving
stakeholders of various types. This knowledge gap is among the reasons why the rate
of implementation of new technologies in the economy is too slow and falls behind the
expected levels. Lack of knowledge about technologies and benefits, not only economic,
but also environmental and social, is a significant barrier to sustainable development.
Proper knowledge flow and its diffusion in various socio-economic environments can
significantly accelerate development processes. One of the concepts that explains the
mechanisms of creating and diffusing new technologies is one of the regional innovation
system [23]. Its main underlying mechanism are the networks of relations within which
their stakeholders exchange knowledge and cooperate in various projects. This concept
embraces a multi-disciplinary approach, enabling to understand not only the role of
technology in energy generation, but also social and policy conditions that are necessary
to boost the processes of its implementation, especially the knowledge diffusion based on
social networks and relations.

The emphasis on the importance of intensification of renewable energy generation
results from a paradigm shift from the classic perception of energy policy [24] to its
perception in terms of sustainable development. While concentrating the following analysis
on the energy policy and its implications at local level, it is emphasized by the authors that
this approach is not derived from the classic energy policy, but the so-called sustainable
energy policy [25], being an overall long-term improvement of social welfare by striving
to maintain a balance between the following: energy security, satisfaction of social needs,
competitiveness of economy, and environmental protection. Thus, it is more than just
ensuring the energy supply. There is a need to balance other crucial socio-economic
elements, the condition and quality of which may significantly affect the conditions and
the existing potential for development of renewable energy generation.

To conclude the introduction, the article consists of eight sections. Following the
Introduction, Section 2 delivers information and literature review regarding peculiarities of
renewable energy generation development in Central and Eastern EU countries. Section 3
explains the method used to carry out the analysis of regional renewable energy genera-
tion gaps in Poland, substantiates the use of own typology of regions according to their
renewable energy generation potential, provides information about the data sources and
peculiarities of approach in terms of regional dimension. Section 4 presents the research
results, including: (a) an analysis of existing renewable energy generation capacities across
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districts of Poland aimed to understand the occurrence and scale of gaps at regional level,
(b) an analysis of four outlined types of regions in regard to their renewable energy genera-
tion capacities, (c) recommendations for renewable energy development policy across the
four outlined types of regions based on the influence of regional innovation systems and
potential knowledge transfer. Section 5 covers the substantiation of regional innovation
systems, social networks and knowledge transfer from the standpoint of stimulation of
regional renewable energy generation in regions demonstrating energy peripherality and
gaps, which is based on the literature review providing its synthesis and own arguments.
Section 6 covers discussion between the obtained results and other studies, while the
Section 7 is devoted to conclusions, implications of presented research and other possible
research directions.

2. Peculiarities of Renewable Energy Generation Development in Central and Eastern
EU Countries

Renewable energy sources (wind, solar, hydroelectric, ocean, geothermal, biomass and
biofuels) are alternatives to fossil fuels and contribute to reducing greenhouse gas emissions,
diversifying energy supply and reducing dependence on uncertain and unstable fossil fuel
markets, especially oil and gas. Global development dynamics of energy generation from
renewable sources in recent decades indicate that combined they are the fastest growing
exploited source of energy. This is clearly visible in economies of such countries as USA,
India or China. For example, the key slogan for current India’s economic development is
“Go Green”, which is actively implemented through development of renewable energy
generation, zero-emission public transport, other “green” technologies [26].

Yet while the development of renewable energy generation is becoming a global
trend, there are differences between countries and macroregions due to specificities of
socio-economic past and present development. The report “Global trends in renewable
energy investment 2020” indicates that on a global scale, investments in the renewable
energy sector in developed economies increased by 2% in 2019 only (compared to the
previous year)—to USD 130 billion. At the same time, it is stressed that there were sharp
increases in outlays in the USA, Spain, the Netherlands and Poland, and big falls in the
UK, Germany, Australia and Belgium [27].

Renewable energy resources and the level of their utilization should be assessed pri-
marily through the prism of a country’s energy supply and demand. Consequently, the
concept of a renewable energy resource is a purely economic concept and is derived from
the function it delivers. And it should be remembered that the amount of renewable energy
supply may increase according to the changes in the energy needs and along the growing
knowledge and technological possibilities of its conversion into exploitable energy. Al-
though on the EU-27 scale the share of renewable energy in gross final energy consumption
has increased from 9.6% (2004) to 19.7% (2019) [12], it is precisely the above-mentioned
aspects that can be indicated as the reasons why the “renewable energy revolution” [28]
takes place at a different pace in different countries. The use of natural resources for energy
generation depends on many factors that could be categorized collectively as: economic,
social, legislative, and—to a lesser extent—technological [29]. Although renewable energy
generation will definitely be one of key development elements of future long-term EU
strategies, their implementation to an equal extent in all EU countries will always be a
difficult task due to differences in national priorities and conditions. In Western Europe,
the focus on decarbonisation, slowing the climate change and building a single energy
market is well underway, while in countries of Central and Eastern EU, where large share
of energy is still derived from conventional fuels, a rapid transformation replacing them
with renewable energy sources will be more difficult.

The EU member states, in the name of the common good and to limit the climate
change can support one energy source at the expense of abandoning other. Yet to imple-
ment such choices key factor is the social support. Therefore, an awareness of climate
change challenges facing all economic sectors is an increasingly discussed issue among the
academic circles and general public, which is the case in the European Union countries, and
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especially those in Central and Eastern Europe. Within these debates researchers empha-
size the importance of natural, spatial [30], technological [31], social, and political [32,33]
conditions for the development of renewable energy generation. Researchers indicate
potentials for such generation and determine the possible development paths—both re-
newable energy generation in general and broken down into specific types of renewable
energy sources, also taking into account the interrelationships between sources that can be
used for generation of electricity, heat and transport fuels [34].

In the literature it is indicated that countries of Central and Eastern EU have substantial
problems in steering the process of setting and achieving long-term energy policy goals
due to the short-term way of thinking, characteristic for countries undergoing economic
transformation [35]. Not without significance are the past experiences of communism
common for the countries of Central and Eastern Europe, which still manifest specific
impact on local development conditions, including relatively higher corruption, low trust
in political elites and innovative solutions [36]. For example, in Poland, on one side, a
strong political force is aiming to keep the traditional framework in the energy sector (e.g.,
large-scale generation, use of coal), and on the other side, there is an understanding of
alternativeless need to intensify the shift to renewable energy generation, which is not
only an important element of the global climate protection movement and part of EU
policies, but is also cheaper, more efficient and increases local energy security. Yet it is
indicated that level of participation of the public in creation of the energy policy is still
not sufficient, which may cause the deficiency in development of the prosumer model of
renewable energy generation [37]. These issues overall impact the support for renewable
energy generation and implementation of policy measures aimed at such development, as
well as cause implementation of support mechanisms to be highly volatile, thus making
this sector relatively less attractive for investors and entrepreneurs. Existing barriers
increase investment risks, which translate directly onto the costs of energy obtained from
these sources, which could be higher compared to energy obtained from conventional
energy sources. It is also indicated that renewable energy generation technologies are
characterized by an uneven pace of energy supply over time or even intermittent operation
process, meaning their generation level could be at times inconsistent with the level of
energy demand. At the same time, researchers emphasize that the need to take action is
forced both by international public obligations in the field of climate change mitigation
adopted by all the EU countries (including the Central and Eastern ones), as well as
economic, social and environmental considerations, which results in the necessity to
undertake costly investments not only in the energy generation sector, but also in energy
transmission infrastructure.

3. Materials and Methods

According to the legislation in Poland [38] a renewable energy generation installation
is an installation that constitutes a separate set of devices used to generate energy, described
by technical and commercial data, in which energy is produced from renewable energy
sources, or construction facilities and equipment constituting a technical and utility unit
used to generate agricultural biogas—as well as an energy storage connected to this unit,
including an agricultural biogas storage facility.

While the sources of renewable energy vary, generated output can be converted into
either electrical or thermal energy. This article, due to data limitations, deals strictly with
generation of electrical energy, thus it is meant across the article whenever generation of
energy is mentioned.

Processes of innovation and technology diffusion are conditioned by spatial factors
and depend on peculiarities of local socio-economic systems. Due to this, an analysis of
spatial allocation’s differentiation regarding existing technological capacities for genera-
tion of energy from renewable sources was carried out in relation to the regional energy
demand expressed by a number of people living in a given administrative area. Presented
herewith study aims to understand the differences between the regions in development
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of renewable energy generation capacities and define what mechanisms determined this
process. Description of the research stages adopted for this study can be found in Figure 3.
First, a literature review was carried out to explore the renewable energy generation speci-
ficities across Poland and define what factors could influence decisions to undertake the
development of such generation capacities. In the next stage (the empirical part), a spatial
analysis of allocation of renewable energy generation capacities was carried out. It was
conducted based on indicators assigned to individual districts in accordance with the
“Jenks natural breaks optimization” method [39] and presented on maps. This method
is used to present heterogeneous data sets as it aggregates analytical units into groups
with similar values. Grouping of values in different classes is carried out by the function
aiming to minimize the mean deviation of each class from the mean class, while max-
imizing the deviation of each class from the mean of other groups. The next step was
to develop a typology of regions based on the relationship of the two aforementioned
datasets. The first one represented the aggregate index of technological capacity, while
the second one represented the population quantity in a given area. Understanding the
occurrence of districts manifesting energy gaps and energy peripherality was the basis to
go deeper into research of regional innovation systems (RIS) and their possible influence
upon intensification of renewable energy generation development. The regional innovation
systems therefore, constitute the theoretical framework for considerations and explain such
phenomena as social embedding of innovation processes and institutional relations, which
play an important role in knowledge and technology transfer processes.
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In terms of the covered types of renewable energy sources (RES), a region’s relative
renewable energy generation potential depends mainly on the capacity of generation
installations based on renewable energy sources in relation to the energy demand expressed
by number of residents in a given region. Large disproportions in this relation cause
regional energy surpluses or deficits (energy gaps), meaning in some regions an imbalance
between supply and demand for energy is present. In order to better recognize this
phenomenon, statistical data was collected about the regional capacities of installations
aimed for renewable energy generation, utilizing the following:

• Biogas (BG),
• Biomass (BM),
• Solar energy (PVA),
• Wind energy (WIL),
• Hydropower (WO),
• Technology of co-combustion of biomass, biogas or bioliquids combined with other

fuels (fossil fuels and biomass/biogas/bioliquids) (ITPO).

Therefore, the aggregate energy generation capacity from renewable sources (EGC) is
calculated as the total of generation capacities of all available technologies:

BGi + BMi + PVAi + WILi + WOi + ITPOi = EGCi

where:

i—spatial unit number,



Energies 2021, 14, 2935 8 of 26

EGC—energy generation capacities from all renewable sources.

Due to existence of diversified technologies for electricity generation the data on
different types of renewable energy installations is derived from various sources and
covers those entities and individuals which have: a license to generate electricity, an entry
in the regulated activity register kept by the President of the Energy Regulatory Office [40]
(register of small installation energy producers [41]), an entry in the regulated activity
register kept by the General Director of the National Agricultural Support Center [42]
(register of agricultural biogas producers [43]), as well as micro-installations generating
electricity under the “certificate of origin” system, the guaranteed feed-in tariff system, or
the auction support system [44]. The main source of data used within the study were those
published by the Central Statistical Office in Poland (GUS), additionally some of the data
was obtained from available statistical and scientific publications.

The regional renewable energy generation capacities are presented in the study at a
district level, which in Poland are referred to as powiat, being units of the second-degree
state administrative division, each consisting of several municipalities (gmina) and having
its own administrative body. The total number of such districts in Poland equals 314.

In the scientific literature it is said that deficits and problems in the functioning
of regional innovation systems can be related to the conditions that prevail in specific
types of regions, such as peripheral regions (facing organizational thinness), old industrial
areas (facing cognitive blockades) and some metropolitan regions (facing fragmentation
of interactions and networks) [45]. It should be noted that in many cases the problems
of regional innovation development are in fact similar, but there may be some dominant
innovation problems specific to a given type of region. Therefore, the authors propose
four types of regions that differ in terms of population numbers and renewable energy
generation capacities.

In the Figure 4, the X-axis holds two types of population quantity expressed through
the number of inhabitants and the Y-axis represents the renewable energy generation
capacity. The four quarters are constructed on the basis of the average results of assessments
of these two parameters. The average number of inhabitants for the collected data across
the regions equaled 82,185 people, while the average renewable energy generation capacity
was at the level of 28.5 MW. These values are the cut-off points that determine the energy
region types.
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The research questions to be explored within the article include:

• What disproportions occur between regions concerning renewable energy generation,
which regions can be considered peripheral in this regard and which manifest existence
of technological gaps?
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• What systemic problems block the development of renewable energy generation
technologies region-wise?

• Can regional innovation systems support and intensify the innovation and technology
deployment process in regions with energy deficits and regions with peripheral features?

• What is the role of social and organizational networks in the policy of innovation and
technology knowledge diffusion in regard to renewable energy generation?

4. Defining the Renewable Energy Generation Gaps at Regional Level

Determining the capacity of renewable energy generation installations and the pop-
ulation quantity in districts allowed to develop spatial distribution of energy generation
from available renewable sources across Poland. Results (Table 1) revealed that overall
energy generation from renewable energy installations within the 2005–2020 increased
over ninefold. The quantity and capacity of solar energy installations have shown the most
dynamic growth rates. State support programs and subsidies encouraging to invest in such
installations are a key driver [46] and a clear long-term state policy toward development of
renewable energy generation sources is of high importance [29].

Table 1. Dynamics of installed renewable energy generation capacities within 2005–2020 in Poland
[in MW].

Types of Installations
Years

2005 2010 2015 2020

Biogas 31.972 82.884 212.497 255.699

Biomass 189.790 356.190 1122.670 1512.885

Solar energy - 0.033 71.031 887.434

Wind energy 83.280 1180.272 4582.036 6347.111

Hydropower 852.495 937.044 981.799 976.047

Total 1157.537 2556.423 6970.033 9979.176
Source: Energy Regulatory Office in Poland.

In-depth analysis of the collected data split by the types of renewable energy gen-
eration installations in Poland is presented in Table 2, while Figure 5 presents their
density distributions.

Table 2. Descriptive statistics for the analysis of renewable energy generation installations in Poland.

Parameters

Types of Installations

Biogas Solar
Energy

Wind
Energy Hydropower Biomass Co-

Combustion
All

Sources

Valid 156 276 208 191 29 4 314

Missing 158 38 106 123 285 310 0

Mean 1.267 3.152 30.495 4.144 23.584 12.447 28.457

Std. Error of Mean 0.091 0.226 4.037 1.332 10.228 2.170 3.033

Median 1.000 2.015 10.915 0.220 2.200 11.400 9.450

Mode * 1.000 1.000 0.600 0.030 0.050 8.990 1.000

Std. Deviation 1.131 3.749 58.230 18.415 55.077 4.340 53.740

Variance 1.278 14.055 3390.683 339.114 3033.454 18.833 2887.993

Skewness 1.856 2.804 6.185 8.504 2.853 0.745 5.887

Std. Error of Skewness 0.194 0.147 0.169 0.176 0.434 1.014 0.138

Kurtosis 6.097 11.191 56.055 83.765 7.891 −1.865 54.389
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Table 2. Cont.

Parameters

Types of Installations

Biogas Solar
Energy

Wind
Energy Hydropower Biomass Co-

Combustion
All

Sources

Std. Error of Kurtosis 0.386 0.292 0.336 0.350 0.845 2.619 0.274

Range 7.620 25.710 631.130 207.170 229.950 9.010 634.940

Minimum 0.040 0.020 0.010 0.010 0.050 8.990 0.000

Maximum 7.660 25.730 631.140 207.180 230.000 18.000 634.940

Sum 197.660 869.960 6342.970 791.410 683.950 49.790 8935.400

25th percentile 0.378 0.935 2.000 0.080 0.950 8.998 3.020

50th percentile 1.000 2.015 10.915 0.220 2.200 11.400 9.450

75th percentile 1.903 4.190 42.045 1.125 5.800 14.850 30.230

Notes: * More than one mode exists, only the first is reported. Source: own calculations.
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On the national scale in Poland, among the analyzed types of renewable energy
generation capacities the highest density is present in case of installations for solar energy
generation, which are located mainly in the north and east of the country (Figure 6).
Districts located in the Pomorskie region (north-western part of the country, with access to
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the Baltic Sea coast) are national leaders in their construction. In turn, the areas of central
Poland are showing the lowest densities or even lacking such installations whatsoever.
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It should be noted that the renewable energy installations are overall scattered across
the nation, and such approach is one of the pillars of state energy policy. The purpose
of having decentralized energy sources is to provide energy supplies to less urbanized
areas and rural areas, as well as to guarantee sustainable local development of those areas.
The main reason for the development of decentralized energy sources is the technological
progress, which contributes to the reduction of costs of energy generation from renewable
sources, as well as the possibility to utilize energy resources available locally.

Figure 7 presents the combined data about renewable energy generation capacities
for installations of all analyzed types, while also revealing the distribution of population
among the districts, which served to proceed with typologization of regions.
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The conducted analysis made it possible to identify four types of regions. Their spatial
arrangement across the country has a mosaic pattern (Figure 8). The most numerous are
the energy periphery regions (Table 3), which can be described as problematic regions with
low energy generation capacity, while also manifesting low population numbers. And as
the research conducted in Poland shows [47], the low population is generally accompanied
by overall low socio-economic development and deficiencies in infrastructure. This also
concerns the energy network infrastructure, which hinders and sometimes even blocks
possibility for the development of new energy sources. Low level and quality of internal
factors (both traditionally understood as soft factors) are noted here. Districts of this
type are characterized by a low level of key conditions essential for the development of
innovation. This is referred to in the literature as organizational thinness [45]. The problem
of the periphery regions is also the underdeveloped network and connections of specialized
knowledge providers, such as universities and research organizations [48]. This type of
region occurs numerously throughout the country, but is especially highly concentrated in
the north-east and mid-west of Poland. In terms of demographic determinants, the situation
in these areas can be assessed as a range from bad to average. They are characterized by
a negative migration balance and outflow of local residents, as well as by struggle with
the problems of ageing population. Residents in these regions are primarily employed in
small-scale agriculture, and have lower average education degree compared to residents of
other regions [47]. Compared to Poland in general, these areas are the least economically
developed, and the phenomenon of energy poverty occurs to a high extent in these regions.
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Table 3. Descriptive statistics for the analysis of districts according to their renewable energy generation type.

Parameters
District/Region Types

Sustainable
Energy Potential

Energy
Surpluses

Energy
Gaps

Energy
Periphery

Valid 32 52 89 141

Missing 0 0 0 0

Mean 75.844 91.047 7.799 7.658

Std. Error of Mean 8.968 12.856 0.735 0.600

Median 59.065 67.945 5.770 5.120

Mode * 29.090 28.870 0.210 1.000

Std. Deviation 50.728 92.704 6.929 7.122

Variance 2573.356 8594.022 48.018 50.718

Skewness 2.567 4.282 0.973 0.972

Std. Error of Skewness 0.414 0.330 0.255 0.204

Kurtosis 8.305 23.379 0.019 −0.075

Std. Error of Kurtosis 0.809 0.650 0.506 0.406

Range 251.500 606.070 27.660 27.450

Minimum 29.090 28.870 0.000 0.000

Maximum 280.590 634.940 27.660 27.450

Sum 2427.020 4734.460 694.090 1079.830

Notes: * More than one mode exists, only the first is reported. Source: own calculations.
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The second most abundant type are the regions with energy gaps, which boasting
a relatively high population are simultaneously characterized by low renewable energy
generation capacities. These types of districts are located mainly in central and southern
Poland. It should be noted that this type of region could transform rather quickly into
the type with sustainable energy potential. This may be due to the existing population
potential, since rural areas of this type are showing a positive demographic trend and
are a migration destination [47], thus additionally stimulating their development. Areas
of this type are often located near large cities that determine population development
trend, but at the same time the low renewable energy generation capacity may indicate
insufficient development of infrastructure networks (including energy networks). Unlike
the periphery regions, they face the reverse problem of over-clustering because they are
over-specialized in mature industries hit by decline [49]. This type of regions often has a
highly developed and specialized system of knowledge generation and diffusion; however,
their problem is too much focus on traditional industries and fields of technology (e.g.,
the region of Silesia) [50]. With regard to functioning networks of relations, a key feature
of the old industrial regions is that they suffer from various forms of “lock-in” which
significantly block the development potential and the possibilities of diffusion of innovation
and knowledge. Such blockades are a consequence of overly rigid networks established
between enterprises and the policy, and links between public and private entities, which
hinder the process of industrial restructuring. However, these districts have a substantial
positive potential for the development of prosumer energy, as the population with relatively
higher income levels is more eager to install renewable energy installations [51]. Residents
of areas described as regions with energy gaps are relatively well educated. These are
people who maintain permanent contacts with the city—mainly by being employed there.
It is possible that the environment these people dwell in, contacts with other educated and
highly aware citizens positively affect their pro-environmental attitudes, which in turn
leads to growing popularization of the prosumer model of energy generation in the areas
of their primary residence.

Another type are the regions with energy surpluses. This type is characterized by
low population potential and high energy generation potential—which is not used due to
low population density. Spatially, such districts are located primarily in the north of the
country—mainly in places where wind energy generation is being developed. Nevertheless,
this type is also highly dispersed nationally. It can be seen that the surplus of energy results
from the specificity of the sources located there. The energy generation capacities are not
always located at the densely populated areas. The key task of such regions is to create
energy transmission grids with regions of high energy needs. Financial resources and
systemic solutions are needed so that these regions could flawlessly transmit energy. There
is a lack of organizations that have commercialized this energy generation potential and
there are no institutions connecting the regions.

The last and least numerous type are the regions with sustainable energy potential,
which are characterized by high population numbers and high renewable energy generation
capacities. Districts of this type are highly dispersed throughout the country. However,
the sequence of communes running from Pomorskie to the central part of the country
is quite characteristic. These regions are the least problematic because there is a balance
between their needs and generation capacities. Yet political decisions, unfavorable for
further development and the lack of continuation of the energy policy may pose a threat.
Energy generation leaders in these regions block small producers, which makes it difficult
to implement the idea of decentralized energy generation based on individual prosumers.

In the light of the differences in outlined types of regions an important issue is to
understand possible implications that may have a systemic character and hinder the
potential development of renewable energy generation. For this purpose a typology of
systemic problems [52] has been combined with types of regions outlined in this study
(Table 4). While the types of regions differ according to their renewable energy generation
potentials, all four types may encounter mild or severe potential systemic problems, which
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might either slow down their positive development, or block possibilities of such. Again,
an intensive transfer and wide diffusion of knowledge in this matter could serve as an
important factor ensuring minimization of potential negative implications.

Table 4. Potential systemic problems in regions depending on their renewable energy generation.

Region Types Potential Systemic Problems According to Selected Dimensions
(Based on Typology of Systemic Problems of [52])

Energy
periphery

Capabilities/capacities:

− Lack of technological knowledge of policy makers and engineers,
− Lack of ability of entrepreneurs to pack together, to formulate clear message, to lobby to the government,
− Lack of users to formulate demand,
− Lack of skilled staff.

Energy
gaps

Knowledge infrastructure:

− Wrong focus or no specific courses at universities and knowledge institutes,
− Gap/misalignment between knowledge produced at universities and what needed in practice.

Lack of legitimacy:

− Different actors opposing change,
− Individualistic entrepreneurs.

Too weak interactions:

− Individualistic entrepreneurs,
− No networks, no platforms,
− Lack of knowledge diffusion between actors,
− Lack of attention for learning by doing.

Hard institutions:

− “Misalignment” between policies on sector level such as agriculture, waste, and energy, and on
governmental levels, i.e., EU, national, regional level and other.

Energy
surpluses

Hard institutions:

− “Stop and go policy”: lack of continuity and long-term regulations; inconsistent policy and existing laws
and regulations,

− “Attention shift”: policy makers only support technologies if they contribute to the solving of a current
problem,

− “Valley of Death”: lack of subsidies, feed-in tariffs, tax exemption, laws, emission regulations, venture
capital to move technology from experimental phase towards commercialization.

Sustainable
energy
potential

Too strong interactions:

− Strong dependence on government action or dominant partners (incumbents),
− Network allows no access to new entrants.

Market structures:

− Large-scale criteria,
− Incremental/near-to-market innovation,
− Incumbents’ dominance.

Source: own substantiation utilizing the typology of systemic problems from [52].

5. Regional Innovation Systems, Social Networks and Knowledge Transfer

The concept of regional innovation system (RIS) is popular among scientists of various
disciplines as its theoretical framework responds to the needs of researching the phenomena
and mechanisms related to the emergence of innovation and knowledge transfer [45]. The
main idea behind the RIS is that the innovation efficiency in the economy depends on the
innovative capabilities of enterprises and research institutions, and on how they interact
with each other and public institutions [53]. The specificity of the concept lies in the fact
that it shows overlapping dimensions, i.e., broadly understood institutional infrastructure
and production system, and then explains the mechanisms of relations that arise between
them based on established rules and regional policy. In this part of the study, authors
search to answer what theoretical perspective the concept of RIS originates from, what are



Energies 2021, 14, 2935 16 of 26

its main components and mechanisms, and whether there are different forms of RIS in the
context of regional diversification of the periphery center.

The concept of RIS was created as a result of evolution of views on the functioning of
the national innovation system (NIS), which was described in the works of Edquist [54],
Lundvall [55], and Nelson [56]. It should be noted that it is quite difficult to identify the dif-
ferences between NIS and RIS. The rationale for the emergence of the RIS from the general
concept of NIS was that researchers wondered to what extent regions differ from one an-
other in terms of their potential and processes that take place in the creation and absorption
of innovation. It became the reason to propose a new concept, which to a greater extent
takes into account the regional disparities of potentials for the creation of innovations. One
of the first attempts to define and describe the concept of regional innovation systems can
be found in Cooke et al. [15] who define the RIS as a system in which companies and other
organizations are systematically engaged in interactive learning through an institutional
environment characterized by embeddedness. In addition, Asheim and Isaksen [16] noted
that a (regional) innovation system consists of a production structure (techno-economic
structures) and institutional infrastructure (political-institutional structures).

In the definition of the concept of a regional innovation system, there are three impor-
tant aspects that are key to its understanding. First is the expression “interactive learning”,
which means an interactive process by which knowledge is transferred, then combined
and, as a result, constitutes a knowledge base as a shared resource of various entities
cooperating in the system. Knowledge is the basic factor used not only in the process of
creating innovation, but also in the process of absorption of innovation/technology and
building cognitive, organizational and social closeness. Second, the term “environment”
being an open territorial complex that includes principles, norms, values, and human and
material resources. It is a set of territorial conditions which combined create a potential for
the functioning of a system specific for a given area. The third aspect that definitely distin-
guishes the discussed concept is paying attention to social closeness. Economic relations are
to some extent always embedded in a social context, while social ties or relations influence
economic performance [57]. Social closeness is related to the term “embeddedness” which
covers all economic and knowledge creation processes, and then its duplication in business
environment and beyond. The process of learning and absorption of innovation is often
based on trust, therefore social relations facilitate the exchange of tacit knowledge, which
is by nature more difficult to communicate, exchange and trade through markets [58].

The concept of RIS assumes that innovation is a process in which enterprises use
both internal and external resources of a material and institutional nature. It should be
emphasized that the functioning of regional innovation systems depends not only on
knowledge resources created by enterprises and institutions, but also on the strength and
structure of relations, created networks, which are the platform of cooperation with the
environment. Innovations do not arise in isolation and cannot thrive solely based on given
enterprise’s internal resources, but are rather a result of synergy of numerous factors and
processes. The environment mentioned earlier can therefore be perceived as a network of
entities and institutions that form the framework for innovative activity and interactive
learning. Thus, the interaction between educational organizations, which can be defined
in terms of knowledge and information flows, investment flows, networking and other
partnerships, is the most important process driving the evolution and strengthening of
RIS [53]. In conclusion, RIS is primarily a social system that involves systematic interactions
between different groups of private and public sector institutions and individuals in order
to increase localized learning opportunities in the region.

The innovation system requires defining its main components, i.e., institutions that
play an important role in the innovation process. Lundvall [55] lists the basic elements
of such system, which are: internal organization of enterprises, relations between enter-
prises, role of the public sector, institutional structure of the financial sector, research and
development intensity, and research and development organizations. In general, the main
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elements encompassing RIS are enterprises, institutions, and the knowledge infrastructure
and innovation policy.

An innovation-oriented policy is an important regulator of the processes that take
place in the regional innovation systems. Its direction and scale of activities increase,
among other things, the possibilities of learning and diffusion of knowledge. As practice
shows, the optimal level to implement an innovation policy is one of a region, which was
confirmed in the policy carried out by the European Commission [59,60]. The genesis
of these policies dates back to the 1980s, when a group of OECD experts developed the
concept of a dynamic approach to international competitiveness as an alternative to a static,
cost-based view of the theory of international trade and competitiveness. The concept
developed at that time assumes that international competitiveness can be achieved by
promoting learning and innovation development in societies. Also in other dimensions, the
approach to innovation systems represents an important theoretical and political progress.
Identifying innovation as a key factor of economic growth emphasizes the role of interac-
tive learning processes between multiple entities and organizations [61]. Such RIS policies
aim to improve the interaction and collaboration between the knowledge infrastructure,
companies and institutions. Moreover, these policies respond to individual and collective
innovation needs. In other words, strategies are developed to support the endogenous
institutional capacity of regions by encouraging the diffusion of technology on a regional
scale [62]. Innovative policy tools typically include: managing the scientific knowledge
base; providing financial incentives for innovation efforts, technology dissemination poli-
cies and initiatives; promoting programs and companies leading the implementation of new
technologies; and the creation and maintenance of intangible assets and legal regulations
that favor innovation and technology transfer.

RIS concept distinguishes four main internal mechanisms that explain the efficiency
and success of the system, being the: interactive learning, knowledge generation, proximity,
and social embeddedness. At a heart of the concepts of RIS and knowledge transfer is
the concept of embeddedness, which is based on relationships and social networks and
requires an understanding of the institutional and cultural context [55]. The concept of
embedding appeared in social theory and works of James Coleman [63], which is the main
propagator of the concept of social capital theory. According to this theory, the concept
of rooting refers to resources embedded in the structure of social relations (networks). In
social capital theory, the concept of “social embedding” describes a situation in which
economic activities and behavior are related to or depend on non-economic institutions and
activities such as culture, social networks, politics and religion [17]. The social structure is
made up of connections with social networks, the key element of which is shaping of this
rooting, as well as cohesion, integration and social support [64]. These are the features that
are not subject to market rules, cannot be duplicated or sold, but are crucial for interactive
learning [65]. From the perspective of diversifying development potentials, embedding
occurs in regions where there is a significant concentration of enterprises and institutions,
a high degree of shared social and cultural values, and various resources that can be used
to generate new production and processes.

Within RIS, embedding concerns mainly the relationship between interactive and
collective learning and the nature of knowledge exchange between enterprises and their
institutional environment that supports innovation processes and knowledge transfer. It
follows that networks of social and organizational relations constitute a key dimension
of embeddedness. For shaping the policy of innovation and diffusion of knowledge, it is
important to indicate which network structures are created under the RIS in regions with
specific conditions influencing the development of innovations, as well as understanding
who are the gatekeepers of knowledge, what are the mechanisms of information transfer
and what are the abilities of the potential recipients to the knowledge.

In knowledge-based economies, innovation is considered to be the key driving force
behind economic development [66]. Nowadays, they can rarely be developed by single
entities or individuals. Their creation and success require the activation of the broadly
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understood innovative potential, located in the private sector of the economy, but also the
one accumulated in the public and civic sector, so that as a result it is possible to engage
the potential of creativity and innovation on a mass scale [67]. For this reason, intangible
assets, in particular relational capital, play a special role.

This capital, apart from human capital (competences, education) and structural capital
(structure/organization), is one of the components of intellectual capital [68]. It is defined
as resources related to interpersonal relations, the ability to establish and maintain close
and lasting relationships, building one’s own social network [69]. Relational capital enables
the creation of a network of contacts and long-term cooperation relations. The high level of
this capital influences the connection of entities operating in the networks. It also affects
the quality of information flow between network links and joint activities undertaken by
all or only some of the entities [70].

These “social networks” contain two important components. The first is the network,
which is essentially considered a structure formed by entities (primarily actors/entities) and
their connections. The social nature of these connections, taking the form of interactions,
relationships and ties, is the second component. Functioning in networks allows you to
reach various resources through the exchange of knowledge. It enables the acquisition of
external knowledge and combining it with individual/organizational and tacit knowledge.
Nowadays, in a complex environment requiring a variety of reactions and stimuli, even
large companies and organizations find it difficult to gather all competences and skills
in one place [71]. An important element is also the interpenetration of different areas of
knowledge. In addition, collaborative networking enables greater freedom and security
through sharing experiences and sharing risks. Some researchers also argue that network
structures can accelerate trust building in R&D cooperation, which typically requires
mutual disclosure of knowledge related to competition [72,73].

On the one hand, networks enable the flow of knowledge based on direct relations,
and on the other hand, they can contribute to the exchange of knowledge through indirect
connections. In the case of indirect knowledge exchange, innovation brokers and gate-
keepers of knowledge play an important role. Brokers are network actors that transfer
knowledge between organizations that are not directly related [72]. They play the role of
an information intermediary between information resources and people/organizations
that need information. On the other hand, gatekeepers of knowledge absorb knowledge
scattered on a global scale and introduce it to innovation processes—both at the regional
and local level [66,71,74]. Their tasks, according to Wesley Cohen and Daniel Levinthal [75],
are to monitor the external environment and translate technical information into a form
that is understandable to local stakeholders. As a result, gatekeepers contribute to the
popularization of new ideas and the transfer of new knowledge to the regional and local
level [66]. Both brokers and gatekeepers act as knowledge repositories and contribute to
the use of knowledge they derive from different contexts [76]. As a result, they do not
so much control the flow of information, as influence it, among other by interpreting the
message or giving it a specific meaning. In a sense, they decide which information will
circulate and which will not.

6. Discussion

The study attempts to use the concept of regional innovation system to understand the
dynamics of renewable energy generation development and the role and peculiarities of
energy policy aimed at its development. Scarce attempts have been made so far to explore
how the concept of RIS and social networks can support the diffusion of knowledge related
to renewable energy sources. Moreover, the research conducted so far focuses mainly
on regions with strong centrality features and well-developed economic and research
infrastructure. Recent studies, however, suggest paying more attention to deficit and
peripheral regions and their determinants for the creation and absorption of innovation
and new technologies [77–79]. A particularly important area of research in which there
is a knowledge gap are the problems of innovation systems occurring in regions with an
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energy deficit and peripheral regions with specific development characteristics, which can
provide an appropriate framework for shaping energy policy focused on the development
of renewable energy sources.

In order to understand the mechanisms underlying the appearance of regions charac-
terized by energy gaps and energy peripherality, one should refer to the scientific paradigm
related to the systemic nature of innovation [80]. This paradigm explains that the speed,
direction and success of innovation processes are highly influenced by the environment,
i.e., the regional innovation system in which innovations arise. Such a system as a complex
structure of various institutions and their relations and principles of functioning, may
encounter many emergency situations that hinder the processes taking place within it.
Understanding these problems will help to better understand the occurrence of regional
disproportions in the rate and level of investment for installations related to the production
of renewable energy.

The main feature of large technological systems, including energy systems, is a strong
interconnection with the economic system [81]. This dependence means that the transfor-
mation of the energy system will affect all elements of a sustainable economic system and
requires an excessively high modernization effort, which many economies have not dealt
with so far [82]. Literature review shows various theoretical and practical examples of
problems related to the functioning of systems, such as: problems with the market structure,
infrastructure problems, institutional problems, problems with interaction and problems
with opportunities and local potential [52]. The systemic context allows, first of all, to
identify directions of policy and public support, and to indicate areas with deficiencies in
energy innovation and gaps in knowledge about them.

The new technology may face problems resulting from the market structure and
competitive substitutes, which may be cheaper than the introduced innovations or have
low utility when, for example, there are no externalities in the network. Moreover, when
some actors dominate and control the market, the customer selection processes are lim-
ited [83]. Practical examples in Denmark show that in case of renewable energy generation
installations, the small-scale wind energy generation technologies have been implemented
successfully [84], as opposed to large-scale energy projects such as biomass [85], gasification
and heat pumps [86], which in practice hampered the dissemination of the technology.

Infrastructural problems may concern equipping the region with physical facilities
necessary for the functioning of society or enterprises in economic structures. These are, for
example, electrical energy, natural gas transmission/distribution networks and communi-
cation networks such as high-speed ICT infrastructure and highways. Another dimension
of infrastructural problems is equipping the region with a physical knowledge infrastruc-
ture, which includes highly specialized buildings (laboratories and research facilities) and
equipment, as well as intangible infrastructure related to scientific and applied knowledge.
The implementation of investments related to RES generation installations requires the
transformation of large technical systems, such as the energy system. This is associated with
high investment costs for the expansion of new infrastructure and coordination problems,
and the entire process often requires government intervention [87].

Institutional problems relate to institutional mechanisms that may hinder innovation
processes in the region. Institutions are the main constituent of innovation systems, and
the institutional context defines this system and provides a structural framework. Formal
institutions are consciously created and are characterized by clearly articulated and written
rules of conduct, while informal institutions function as established rules of the game rooted
in local social and cultural structures. Together, these two dimensions of institutions create
the environment in which companies, knowledge institutions and the government itself are
embedded [87]. In practice, institutional problems caused by instability in regulations and
subsidy systems are often encountered. Once adopted, activities and support programs
are withdrawn to be restarted after a few years. Such situations for micro-CHP, wind, PV,
biomass and marine energy have been observed in the UK [88] or with solar collectors
in Sweden [89]. Another observed phenomenon is the shift in political priorities with
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regard to the technology or its application context. An example of such activities is the
implementation of solar cells in the Netherlands. A policy was adopted in the 1970s–1980s
that focused on countries with the highest theoretical solar energy potential and developing
countries as a priority, followed by a sudden increase in interest in PV technology in the
1990s, which due to climate change was also seen as an opportunity for the countries of
North-Western Europe. The following years saw a change in policy and PV technology is
no longer considered a viable option due to its high cost [90].

Another frequently mentioned problem in the functioning of institutions is the lack of
coherent actions between different administrative levels in a given country. An example are
biofuels and PVs in the Netherlands, both supported by provincial (regional) governments,
while at the national level the government hinders the development and diffusion of
these technologies [91,92]. Informal institutions, on the other hand, are responsible for
the legitimacy of the implementation of new technologies and their social acceptance and
observance through the prism of a given institution [93], in case of new technologies,
obtaining legitimacy is often a slow and tedious process.

The functioning of formal and informal institutions often results in problems with
network interaction. Actors of the innovation system, such as: enterprises, knowledge
institutions, government—all interact with each other, including regarding product devel-
opment and design, knowledge exchange and diffusion of new technologies. Interference
and inefficiencies in the functioning of the network can be caused by either too strong or
too weak interactions.

Network failure occurs when dominant gatekeepers and knowledge brokers fail to
fulfill their role and consequently fail to provide the required knowledge. The network can
also be too closed to external interactions, which means that actors are reluctant to leave
the group or let new participants into it. Another situation concerns the imprisonment of
relationships and the inability to develop the network, it results from the same costs of such
changes as well as the possibility of establishing relationships with new partners. Network
failure may also be caused by poor connectivity of network actors with new technologies,
which prevents the process of learning, adaptation to new technological developments and
innovations. Moreover, little involvement in cooperation in the system may lead to the lack
of a common vision of technology development in the future, which in turn may hinder
the coordination of research efforts and investments [87].

The company’s abilities in the form of the lack of competences and resources to mod-
ernize and implement a new technology may also prove to be a significant problem [94,95].
The possibilities of searching for new solutions are significantly limited by the knowledge
gaps of enterprises and the long cognitive and geographical distance, which is why they
are often not aware of the existing opportunities and do not include innovation in their
development vision [83].

Another issue are the interaction problems that affect the dissemination of knowledge
in a multi-stakeholder regional system. Networking of different actors facilitates knowledge
flows, accelerates technology development, reduces uncertainty and creates demand.
Research in this area shows that weak or excessively strong connections and disturbances
in the network are a mechanism blocking renewable energy generation technologies.

The case of Swedish producers of small biofuel boilers shows the lack of cooperation
within the network and the weakness of the relationship [96]. There are only two or
three producers of large biofuel boilers in Sweden, therefore the lack of cooperation may
be due to the lack of potential partners. On the other hand, the weakness of relations
and connectivity within the system may partially result from an information gap about
other entities being potential partners in the region. Another issue is the considerable
individualism of small companies, which means that these companies do not want to
cooperate and share their knowledge with other companies. In addition, some companies,
rooted for some time in local economic and social structures, are reluctant to new entities
and create distance instead of building relationships. Summarizing, the case of Sweden
shows that cooperation networks within the framework of energy generation technologies



Energies 2021, 14, 2935 21 of 26

are characterized by poor connectivity and a lack of willingness to cooperate and share
knowledge with other companies.

In terms of ways to assess the efficiency of regional innovation systems and their influ-
ence upon creation of innovations one of them is to take into account the number of patents.
A research [97] was conducted within 194 countries to assess how different renewable
energy support policies affect innovation in solar and wind energy generation technologies.
This substantial work shows that a more comprehensive portfolio of renewable energy
support policies increases the number of patents in the particular field, as well as there is a
definite positive impact on patent activity, which is increasing significantly over time along
with the growing duration of research programs and achievement of R&D objectives.

A different approach to understanding of opportunities and constraints that are
created by the development of renewable energy generation capacities is mentioned by
van Zalk and Behrens [98] in the U.S.A. context. Namely, in their opinion the issue of land
use in this regard is not in favor of renewable energy development, as “the surface area
required for renewable energy systems is greater than that for non-renewable systems,
exacerbating existing environmental policy challenges, from increasing land competition,
to visual impacts”. While this is certainly true and needs to be taken into account, the
overall environmental benefits from decreased pollution are still prevailing.

7. Conclusions

The Polish energy sector is currently facing serious challenges, the currently defined
directions of the state energy policy are to a large extent interdependent. With the clear
goals to increase the share of renewable energy generation in the next decade intense
transformations are needed to reach them, as in the past years its growth rates have been
falling behind “the schedule”. These can be achieved by simultaneous increase of renewable
energy generation shares and by improving the energy efficiency. The later reduces the
increase in demand for fuels and energy, contributing to increased energy security, as a
result of reducing dependence on imports, and also works to improve the environmental
impact of energy by reducing emissions. Similar effects are brought by the development of
renewable energy generation, including the use of biofuels and non-pollutant technologies.

However, the sector also faces numerous challenges resulting from, inter alia, per-
manently high energy demand, inadequate level of development of fuel and energy pro-
duction and transport infrastructure, high dependence on external supplies of natural
gas, nearly total dependence on imported supply of crude oil, and environmental pro-
tection obligations, including climate change mitigation. These intensify the necessity to
implement decisive measures to prevent deterioration of the economic situation of fuel
and energy consumers. Therefore, in order to fully use the energy potential in Poland, it
is necessary to use innovations and knowledge, especially expert knowledge. This is of
exceptional importance for the energy sector, which operates in a complex legal, economic
and technological environment.

In the energy sector nowadays, as in other sectors of economies, one of the conditions
for functioning and development is the systemic use of knowledge to solve emerging
problems, including creating and facilitating innovations. The fulfillment of this condition
requires an incorporation of knowledge into management. The use of knowledge acquired
at the local and regional level, within the company, as well as in contacts between various
organizations obtained through networking activities can serve the process of gaining
knowledge through the exchange of experiences, mutual evaluation of one’s models and
practices, exchange of views and ideas, and conducting joint experiments [18,70]. Network
participants who are in contact with each other ignite discussions and generate new ideas,
define stimulants and share experiences. A special role here is played by entities such
as knowledge gatekeepers and brokers, which are responsible for providing practically
useful knowledge to solve key problems of an organization (this type of knowledge can
be defined as informal knowledge or unclassified knowledge), as well as information that
contributes to the creation and implementation of innovative solutions. Gatekeepers and
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brokers often act as liaisons who influence the creation and connection of various sets of
knowledge, both within the company and from external sources. These are people and
entities with networking skills, with a high level of social and communication skills.

It is worth noting that while in highly developed, innovative areas both the networks
themselves and the entities intermediating in acquiring are quite “dense”, their shortage
in peripheral areas may be another element hindering the development of innovation. In
regional systems, the strive to increase innovation and related entrepreneurship contributes
to changes in the functional structure of regions towards strongly developing regional
centers and less growing peripheral areas [99]. However, it is commonly assumed that
firms in peripheral regions benefit less from local knowledge transfer than firms located
in agglomerations or industrial clusters [100]. This is due to the fact that the peripheral
regions are characterized by a weaker supply of local knowledge transfer than the key
regions. The literature indicates that companies and organizations from peripheral regions
can be innovative to the extent that they are able to compensate for the missing possibilities
of spreading and absorbing knowledge [101]. It is the collaboration in networks and
with intermediaries for acquiring knowledge and skills that is a potential compensation
mechanism, as they establish the organizational framework (organizational proximity) that
enables interactive learning processes.

To conclude, the conducted analysis on the level of districts has revealed that the
energy generation capacities in Poland are spatially unevenly distributed. Most of the
surveyed districts are problematic areas which can be defined as energy periphery or
energy gaps. These are areas that, regardless of the population and demographic situation,
or the level of socio-economic development, are characterized by a low energy generation
potential. Numerous densely populated areas are characterized by a scarcity of energy
generation installations, thus also represent low energy generation potential. This may
indicate the fact that the development of the network infrastructure—in this case, above
all, the energy infrastructure—is not keeping up with the influx of people as well as social
and population changes. Nevertheless, the investment potential in most of Poland is high.
Thus, investment opportunities could be looked for in virtually every area of the market.

The authors focused on the characteristics of Polish regions regarding generation of
renewable energy and its dependence on regional innovation systems and knowledge
transfer. However, detailed definition of renewable energy generation development in
light of local development conditions in various regions requires further study—including,
among other, field research. It may be especially valuable to learn about non-economic
factors, including relational capital and its role in the processes of energy generation
knowledge/technology transfer and collective learning. Another important aspect that
relates to regional innovation systems and renewable energy is the issue of existing policies
for innovation and energy generation development. This would help to understand if
their directions and implemented measures become catalysts for each other and if this
accelerates the processes of transformation of the energy generation system achieving
synergistic effect.

An interesting aspect for further analyzes could also be a research of the structure
of energy generated from renewable sources, yet broken down into its types and specific
sources. Investment chances could be analyzed separately, which are needed on every stage
of product creation, in this case the generation and distribution of energy. Consequently,
this may translate into energy security studies, whether on national or regional levels,
either of which is a strategic issue for each country. Production and transmission of energy
is an economic bloodstream, which, in addition to the transport system, determines the
efficient functioning of the economy. Economic development of all countries depends on
access to energy, which is why its sustainable development is so important.
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