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Abstract: Poland is not one of the leaders in the use of renewable energy sources (RES), and most
energy is still produced using hard coal and lignite. Therefore, there are noteworthy emissions of air
pollution (including ashes and greenhouse gases), and the Polish energy sector is characterized
by a substantial degree of carbonization, which, as a result, threatens to expressively increase
the costs of electricity production, leading to financial penalties imposed by the EU. The aim of
this paper is to analyze socio-economic factors influencing the development of the RES sector
in Poland. According to this aim, expert research was carried out, in which the factors influencing
development potential of RES were assessed at two levels (level Il - 5 factors, level Il — 15 factors)
according to the factor tree analysis. Based on the analysis of the level Il factors, it can be
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Poland, prices and availability of conventional energy carriers. Other two factors — regional policy
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Introduction

The EU policy is largely shaped by the
idea of sustainable development, which is
based on the assumption of satisfying the
developmental aspirations of the present
generation in such a way as to enable the next

generations to achieve the same aspirations
(Brundtland, 1987). For economists, the
suitable way to sharpen this idea is to consider
the various resources (including renewable
and nonrenewable natural resources) that
communities hold at any particular time.
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Resources passed to future generations should
be comparable (in terms of the ability to provide
an adequate standard of living) with the stocks
inherited by their ancestors (Streimikiene &
Mikalauskiene, 2016).

Within the EU strategic objectives to ensure
the implementation of this idea are, among
others: reduction of greenhouse gas emissions
by 20% till 2020 (compared to the level of 1990),
increase of up to 20% share of energy from
renewable energy sources (RES) in total energy
consumption and increase of energy efficiency
by 20%. United Nations stated in 2015 that
according to sustainable development goals,
one of them is to provide everyone with access
to sustainable, affordable, reliable and modern
energy, which is expected to be achieved
by 2030 (United Nations, 2015). Significant
progress can be made in implementing this
goal globally, but there is still a need to focus
on improving access to clean and safe fuels,
modern technologies and, above all, expanding
the use of renewable energy (United Nations,
2019).

Developing the RES is conducive to
meeting ambitious EU targets of climate and
energy policies. Among these basic targets is to
achieve total decarbonization of the economy
by 2050 according to the ‘European Green
Deal’ (Spencer et al., 2017) and EU long-term
budget 2021-2027 is to be strongly linked with
main climate targets (European Council, 2020).
Some analyzes indicate that in the first half of
2020, for the first time in the EU, more electricity
was generated from renewable sources
compared to fossil fuels (40% of the EU-27’s
electricity — wind, hydro, solar and bioenergy
were generated, whereas fossil fuels only
34%) (EMBER, 2020), but not all 27 countries
belonging to the Community are making
sufficient efforts in this regard. Identification
of socio-economic factors influencing the
development of renewable energy production
sectors in individual countries could be support
for them. Literature study shows that also
research concerning econometric models taking
into accountin a mathematical, multifaceted and
objective way many economic, social, political
and technical factors as well as contributing to
the implementation of renewable energy, have
great potential to support decision makers
dealing with conversion of general strategic
guidelines for specific economic, environmental
and social policies (Quintana-Rojo et al., 2020).

Economics

The use of RES is one of the most
dynamically developing branches of energy
industry in the EU, including Poland, in recent
years. Fossil fuels, which are the basis of the
largest volume of energy produced, are limited
in quantity, and their continuous exploitation
leads to a reduction in their stocks. RES occur
in the natural environment in various forms,
e.g. biogas, wind blowing, solar radiation,
flowing water and sea waves, and are used
for producing electricity. Other sources, such
as biomass or geothermal sources are used to
produce heat. Theoretically, renewable sources
are vast. While sources of wind, flowing water,
solar radiation, geothermal, ocean waves
and tides can be counted as infinitely large
sources, the energy harvested from renewable
or combined fuels can be classified as limited
to some extent. Energy generated from the
combustion of biomass, biogas or biofuels is
classified as renewable energy although these
fuels are incinerated in the energy production
process and require continuous production.

Effective efforts should be made to
significantly reduce the level of pollution
and greenhouse gases emissions, increase
renewable energy production, improve energy
efficiency as well as strengthen competitiveness,
economic growth and regional development
(My$akova et al., 2016). Poland is not one of
the leaders in the use of RES, and most energy
is still produced using hard coal and lignite. In
this state, use of these fossil fuels for energy
production is decreasing but remains high at
around 60% and apart from that coal reserves
are limited (Nilsson et al., 2006). Therefore,
there are noteworthy emissions of air pollution
(including ashes and greenhouse gases), and
the Polish energy sector is characterized by
a substantial degree of carbonization, which,
as a result, threatens to expressively increase
the costs of electricity production, leading to
financial penalties imposed by the EU.

Pursuant to the European Parliament and
Council Directive No. 2009/28/EC Poland,
a member of the EU, undertook to achieve
a gross final energy consumption ratio of at
least 15% using renewable sources by 2020
(which has not been achieved). It is also worth
noting that this indicator includes the gross
consumption of electricity, gross energy in
heating and cooling as well as in transport. An
essential EU Energy Roadmap 2050 document
underlines the importance of RES in the context
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of preventing excessive climate change caused
by overproduction and emissions of greenhouse
gases (European Commission, 2012). RES
are also clearly visible in other strategic
documents on the use of different energy
sources and climate change. Climate and
energy frameworks for 2020 and 2030 assume
significant improvements in energy efficiency
and a noticeable reduction in greenhouse gases
emissions (Duscha et al., 2016).

Motivations underlining this research
are both theoretical and practical. From the
technical point of view, ensuring access to
electricity is not a difficult task. Key importance
is paid to socio-economic perspectives
(including three edges of the so-called
sustainable development triangle), i.e. for
example economic sustainability (sustainable
business models), distributional issues (the
right to electricity) and environmental issues
regarding CO2 as well as local, regional, and
global pollution, and impact on public health
(Karplus & Von Hirschhausen, 2019).

Increasing the use of RES and continuous
improvement of energy efficiency can lead
to achieving greenhouse gases emission
reduction under EU targets. A literature study
indicates that there is a lack of research on the
identification and analysis of socio-economic
factors influencing the sustainable energy
development. There are studies on sustainable
energy development indicators and multicriteria
decision making techniques that can support
the processes of assessing energy policies,
as well as estimating levels of implementation
of energy policy targets in Baltic Sea Region
countries that includes EU countries such as
Germany, Poland, Denmark, Sweden, Finland
and the three Baltic States countries, as well
as other neighboring countries — Norway and
Russia (Siksnelyte et al., 2019).

The aim of this paper is to analyze socio-
economic factors influencing the development
of the RES sector in Poland. The authors of this
paper also undertook analyzes of social and
economic conditions of the development of this
sector resulting from the binding regulations.
They considered it necessary to conduct an
analysis of the volume of electricity production
using renewable sources in Poland and the
EU, and then identify key factors affecting
the development of this sector in the state.
The results of the analysis can significantly
contribute to the development of the RES sector
in this country. The conducted study was to help
to answer the following research questions:
= What were the volumes of electricity

production using renewable sources in

Poland and the EU?
= What are the key factors (e.g. economic

and social) affecting the development of the

renewable energy sector in Poland?

1. Size of Primary Energy Obtained
from RES in Poland and in the EU

It is easy to see the downward trend of primary
energy production in the EU countries in the
years 2010-2014 (Tab. 1). This is caused by the
problems with supplies of raw materials used
for primary energy production, as well as the
increasing costs of operation of infrastructure used
to obtain fossil fuels. These costs may be related
to the legislation and strategy adopted by the EU
countries. This situation is different in Poland,
where in the case of primary energy production,
there is an upward trend from 2010 to 2013, with
a production decline by around 5% in 2014.

The share of primary energy recovered
from RES in 2010-2014 shows an upward
trend, both in the EU (25.5%) and in Poland
(11.9%). Comparing 2010 and 2014, the

Primary energy acquisition in the EU and Poland in 2010-2014

Acquisition of energy in the EU and Poland | 2010 2011 2012 2013 2014
Acquisition of primary energy in the EU [Mtoe] | 835.8 802.2 795.3 790.5 770.7
Acquisition of primary energy in Poland [Mtoe] 67.5 68.8 72.6 71.8 68.2
Share of RES energy in primary EU energy 20.1 20.5 297 244 25.4
[% of increase year to year] ’ ' ’ ' '

Share of RES energy in primary in Poland 102 10.9 1.7 1.9 1.9
[% of increase year to year] ’ ' ’ ' '

Source: based on Central Statistical Office (2015)
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Primary energy acquisition and share of RES in Poland in 2011-2015

e 2011 2012 2013 2014 2015
in primary energy
PITTELY G 2,882,363 | 3,038,921 | 3,006,461 | 2,853,825 | 2,869,751
acquisition in Poland [TJ]
Share of RES [TJ] 313,202 356,474 358,337 339,810 363,390
Share of RES [%] 10.9 1.7 11.9 11.9 12.7

share of primary energy production in the EU
increased by 5.3%. By analyzing analogous
data for Poland, it should be noted that the
upward trend is not that high and stands at
1.7% for the same period.

Tab. 2 shows the amount of primary energy
produced and the share of RES in this process
in Poland in 2011-2015.

It is easy to see that the value of primary
energy acquired does not differ significantly in
2011 and 2015. However, if we take into account
the increase in primary energy (percentage)
production from renewable sources — from
10.9% in 2010 to 12.7% in 2015, with a similar
level of primary energy production, it is easy
to note that the volume of primary energy
production increased from 313,202 TJ in 2010
to 363,390 TJ in 2015 — volume growth of 16%
over the years 2011-2015. The above values
show the slightly growing trend in the volume of
primary energy obtained using RES.

Tab. 3 shows the share of individual RES
carriers in primary energy acquisition in 2011—
2015 in Poland.

Source: based on Central Statistical Office (2015)

It is worth noting that the largest volume
of primary energy is generated using the
combustion of solid and liquid biofuels. 10.78%
of total primary energy was generated from
wind in 2015. Over the years 2011-2015, this
way of generating energy grew mainly due to
quite large amounts of EU funding.

It should be indicated that there are some
doubts concerning the proper use of grants
from public funds. EU subsidies for the energy
sector are often not spent in accordance with
original purposes. Public funding is said to
support fossil fuels instead of RES investment
projects that reduce greenhouse gas emissions
(Caneurope.org, 2019).

2. Analysis of the Possibilities

of Development of the RES Sector
As canbe seen from the previous considerations,
in the years 2011-2015 an increase in the share
of renewable energy production in obtaining
primary energy from 10.9% (in 2011) to 12.7%
(in 2015) can be noted. Further development

The share of individual RES carriers in primary energy acquisition in 2011-2015
~ inPoland

Type of RES 2011 2012 2013 2014 2015
Solid biofuels 84.89 82.07 79.88 76.14 72.22
Sun energy 0.17 0.17 0.29 0.43 0.52
Water energy 2.68 2.06 2.45 2.31 1.82
Wind energy 3.68 4.79 6.03 8.13 10.76
Biogas 1.83 1.97 212 2.56 2.64
Liquid biofuels 5.76 7.96 8.18 9.18 10.78
Geothermal energy 0.17 0.19 0.22 0.25 0.25
Municipal waste 0.43 0.38 0.39 0.45 0.46
Heat pumps 0.39 0.41 0.44 0.55 0.56

Source: based on Central Statistical Office (2015)
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m Model of conditions for RES sector development in Poland

The impact of the following
European lobbying on EU
decisions affecting the

- ecological organizations.

Impact of the following Polish lobbying on
Polish legislation affecting the RES
development in Poland:

development of RES in Poland: - conventional energy producers in the field

- renewable energy producers, of renewable energy production,

- manufacturers of machinery and - producers of renewable energy in the field
equipment for the production of of renewable energy production,
renewable energy, - ecological organizations in the field of

renewable energy production.

y

The following world prices and

the availability of conventional

energy carriers:

- hard coal and the volume of its
production in the world,

- crude oil and its production
volume in the world,

A

Renewable energy production in
Poland from:
- biogas,
geothermal sources,
- bioethanol, 1st, 2nd and 3rd
generation,
- briquettes, pellets.

Megawatts
» of energy

- natural gas and production
volume in the world.

Social ecological awareness in Poland
regarding:

Local government regional - impact of energy production from

policy regarding ecology in conventional sources on the environment in

Poland for: Poland,

- regions producing large amounts - impact of renewable energy production on

of conventional energy, the environment in Poland,
- agricultural regions, - caring for the condition of the natural
- very urbanized regions. environment in Poland.

of the RES sector in Poland depends on many
economic, political and social factors. The
basic ones determining the increase of energy
production from RES may be appropriate
decisions and strategic priorities of the EU
affecting the development of RES sector, state
legislation influencing the development of this
sector, prices and availability of conventional
energy carriers, regional policy on ecology in
Poland and environmental awareness in this
country.

As it results from the model of conditions
of renewable energy production in Poland
presented in Fig. 1, the basic conditions
determining the development of renewable
energy have been divided into factors that can
be precisely examined and analyzed using the
methodology characterized in the next point

Source: own

of this paper. Both the identification process
and determined factors may vary to some
extent from those presented in other literature
positions because economic conditions of
development of different EU countries vary
(Remeikiene et al., 2020). The key to achieving
climate neutrality thanks to the development
of RES is taking into account the economic
and demographic potentials of individual EU
countries, their areas in specific geographic
locations, as well as achieving social
acceptability by individual countries for the
proposed climate policy (Brodny & Tutak, 2020).
It is also important to properly concentrate the
financing of European, public and development
projects, to ensure adequate public investment,
to support private research and development
projects aimed at achieving Europe’s 2030
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energy transition goals (Bointner et al., 2016).
Some complementary sources of inspiration in
this field may also be the results of research
related to non-EU countries. In particular, it
may be interesting to identify various groups of
factors in three exemplary countries. In Russia,
one can take into account e.g. economic,
technical and technological factors (Gibadullin
et al., 2020), while in China factors concerning
technological innovation to renewables (He et
al., 2018) and in Turkey — factors taking into
consideration the impact of e.g. population,
natural gas prices and carbon emissions in this
country (Yuksel & Ubay, 2020).

Based on an in-depth review of the
literature, Can Sener et al. (2018) gives e.g.
recommendations on determining drivers and
barriers as well as the key factors of RES, which
can help in understanding the basic problems
related to the implementation of renewable
energy. As a result of the research, it was
found that social, economic and environmental
factors are drivers, whereas technical potential,
technological aspects, political and regulatory
factors are characterized by undefined impact
(they are not barriers and do not drive RES
development). Additionally, for the analyzed
period (from 1949 to 2013), no significant
barriers to RES deployment were identified.
The appropriate selection and validity of these
factors is of great importance in the process of
building the model of conditions for RES sector
development.

3. Research Methodology
Expert-mathematical method is an effective
way which enables to prioritize the importance
of economic, social and political factors
influencing the development of the RES sector
in Poland. The method makes it possible to
analyze and evaluate very different factors,
and the results obtained from its use differ from
those of other methods in the range of 6-8%
(Gordon & Helmer-Hirschberg, 1964). Hence,
this method is applied for military, economic,
agricultural as well as other scientific purposes
(Izdebski, 2003).

Obtaining  credible  results  involves
carrying out research according to determined
procedure in a method that comprises the
following steps: organization of the assessment
procedure, selection of experts, carrying out of
research and processing of research results.
A group of experts in accordance with the

Economics

method requirements has to be composed of
competent persons who have knowledge and
experience in the field from which the problem
is addressed. The choice of experts is based on
the criteria discussed in detail in the literature
(Izdebski et al., 2012; Schobl et al., 1988).
Basic requirement is not less than five years’
experience and minimum level of education,
for example high school graduates. Apart from
that, the qualitative characteristics of the group
of experts can be determined using qualities
as: competence, creativity, attitude to expertise,
conformism, constructive thinking and self-
criticism. Expert competence is assessed on
the basis of a competence coefficient, which is
determined as follows (Jewtanow, 1981):

K= (K+K) 0<K<1 )
where: K; — informativeness factor (knowledge
of a given issue); K, — argument factor. The
informativeness coefficient is determined on the
basis of an expert’s self-assessment (from 0 to
10 points) multiplied by 0.1. The argumentation
factor is resolute by an interview with an expert,
taking into account array values, as presented
in Tab. 4.

According to the literature (Jewlanow,
1988), the value of K, equal to 1 is considered
to be a high level of argument, the value 0.8
— medium, and 0.5 is considered to be a low
level of argument. As a basic criterion for the
selection of experts recognized seniority in
the profession concerning the production of
renewable energy not less than five years and
stimulating position to solved problems and
taking appropriate decisions.

Each of the experts participating in the
research received a research questionnaire in
which he could cross out any number of factors
proposed for assessment by the researchers,
as well as he could add his factors which he
considered very important and which were not
included in the questionnaire.

Experimentation in the expert-mathematical
method is often based on the assessment
provided by experts of many factors which
determine problems. When these factors occur
in large numbers, it is virtually impossible or
very difficult to compare and assess them by
experts. In such circumstances, it is suggested
to use the method of factor tree analysis, which
is based on ordering of factors in groups and
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Argument coefficient values

The degree of influence of the source A B (o3
on the expert’s view high medium low
Theoretical knowledge of the issue 0.3 0.2 0.1
Work experience 0.5 0.4 0.2
Knowledge of national specialist literature 0.05 0.05 0.05
Knowledge of foreign professional literature 0.05 0.05 0.05
Intuition 0.1 0.1 0.1

a separate evaluation of the groups of factors
and the isolated assessment of the factors in
each group. The solution used by the authors
and some researchers in their study (lzdebski
et al,, 2012) greatly facilitated the experts’
evaluation of factors, and the authors were able
to process the information obtained.

To find out that the compatibility of experts
is not accidental, the y-squared criterion is
used. In addition, the compliance of experts
is checked by means of a variance coefficient
which is normalized for the purpose of the
expert-mathematical method.

Due to the abundance of factors making it
difficult to assess their significance, the idea of
afactortree analysis (Fig. 2), which distinguishes
five groups of factors (Tab. 5) called level I
factors has been introduced. According to the
hierarchy structure tree of factors in each group
of the level Il, some factors were identified that

Source: Jewlanow (1988)

influenced the group, and indirectly the main
factor. It was assumed that the total impact of
five groups of factors of the level Il is 100%.

A special research questionnaire had been
developed with nine tables to which the experts
entered the desired information and evaluation.
The first three tables contain the characteristics
of the expert and the renewable energy
company he represents. The other tables show
the factors on the second and third levels of the
factor tree. Placing factors in tables arranged
by topics allowed the experts to focus only on
a particular group of parameters, which made it
easier for them to assess their validity.

These tables have blank space for experts
to input assessment of the magnitude of the
impact of a given group and of the individual
factors on the development opportunities of
the RES sector in Poland. The parameters
listed in the tables are evaluated by experts

m Tree of factors influencing the development of the RES sector in Poland

Main
Factor

Source: own
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on a scale of 0 to 100, so that the total of 100
points are allocated to all parameters. Assigning
a parameter to an expert rating of 0 means that
the parameter is not relevant to the expert. The
number of points higher than zero reflect the
importance of the parameter in relation to others.

In addition, the expert has the right to add
and evaluate infinitely many other parameters
that were not included in the tables and
considered by him as important. The research
questionnaire contains information that explain
the expert how to assess the parameters, as
well as given the telephone number and e-mail
address required for the experts’ contact with
the authors when additional guidance and
clarifications are needed.

A detailed study process includes,
among others, mathematical identification
of the minimum number of experts and their
qualitative selection, as well as verifying the
compliance of expert assessments using the
following statistical methods (Jewtanow, 1988).
The minimum number of experts required is
determined by the dependence (2):

No= __pBe-bH (2)
(7 + 1)(b—1)®0

where: f; (b - 1) — quantile distribution x*
corresponding to confidence level f and number
of degrees of freedom b - 1; b — number of
factors assessed; y — assumed accuracy in
evaluation of concordance; ®,— critical value of
the concordance coefficient.

The assessment of the local priorities of
the assumed objectives set by the scaled
scoring method (expressed in points or
percentage) is slightly more complex than the
prioritization by appropriate rankings. However,
it is considerably advantageous because,
as a result, one directly receives numerical
values of priorities and their share in the overall
structure of the factors under consideration. In
this case, the compatibility of expert judgment
is assessed using a variance coefficient.

Based on the expertise data, the local
priority of the m factor is determined (3):

N
m; = [Zm,,]/Nb , 3)
i=1

where: m; — the normalized validity factor of the
Jj-th factor determined by the i-th expert.

Economics

Then the mean square deviation of the
significance factor of the j-th factor (4, 5) is
determined:

Ng
Z(mj - mij)z
i=1

N, -1

g for N, < 30, (4)

N
> (i —my)’
== for N> 30. (5)
& N, ’
Based on these indicators, the variance
coefficient (6) is calculated for each factor:

Vj=ﬁ. (6)

It is believed that if V, < 0.25, then the
compliance of individual importance ratings
assigned by experts is sufficient, while if
V. > 0.25, then compliance is insufficient. The
following gradation of variation coefficients can
also be assumed: V; < 0.10 — high compatibility;
0.10-0.25 - higher than average; 0.16-0.25
— average; 0.26-0.35 — lower than average;
V> 0.35 - low.

Discussion of other methods for calculating
the number of experts, who experts who should
participate in the panel, is presented in the
paper (Ayre & Scally, 2014).

4. Results
According to the adopted aim of this paper,
expert research was carried out, in which the
factors influencing development potential of
the RES sector were assessed at two levels
(level Il — 5 factors, level Ill — 15 factors)
according to the factor tree analysis. This
research is based on analysis of electricity
production volumes using RES in Poland and
in the EU in 2011-2014, identification of key
factors influencing the development of this
sector in Poland as well as analysis of the
most important economic and social factors
for the development of this sector.

In connection with the above the validity of
20 Level Il and Level Ill factors are assessed.
They are presented in the form of local priorities.
According to the evaluation procedure, the
parameters are divided into four validity
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Fa

ctors of the Il and lll levels of the factor tree

TG Name of level lll factor
label
C 21 - European Union decisions affecting the development of the RES sector in Poland
C311 Impact of European lobbying on renewable energy producers on EU law
Impact of European lobbying of manufacturers of machinery and equipment
C312 - )
for the production of renewable energy in EU law
C313 Impact of European organic lobbying on EU law
C 22 - Polish legislation affecting the development of the RES sector in Poland

C321 Impact of Polish lobbying of conventional energy producers on Polish law

on renewable energy production
C322 Impact of Polish lobbying of renewable energy producers on Polish law

on renewable energy production
C323 Impact of Polish environmental lobbying on Polish law on renewable energy production

C 23 — Prices and availability of conventional energy sources
€331 World hard coal prices and the volume of its output in the world
C332 World oil prices and its volume of its output in the world
C333 World prices of natural gas and the volume of its production in the world
C 24 — Regional policy on ecology in Poland
C341 Environmental policy of self-governments in regions producing large amounts
of conventional energy
C342 Environmental policy of self-governments in agricultural regions
C343 Environmental policy of self-governments in very urbanized regions
C 25 — Environmental awareness in Poland
Public awareness about the impact of conventional energy production
C351 ; ;
on the environment in Poland
Public awareness about the impact of renewable energy production
C352 h )
on the environment in Poland

C353 Public awareness about the care of the environment in Poland

intervals (high, higher than average, average,
lower than average) to determine their weight
and average values in the assumed intervals.
Priority weights are determined by the degree
of achievement of the main factor by a given
group of parameters, which is in this range, and
is determined by the sum of system priorities for
those parameters.

At the end of the study, scores from 70
experts were received. The age of the experts
ranged between 34 and 62, and the work
experience in the power industry ranged from
9 to 41 years. The test included agricultural
biogas plants and biogas plants in sewage
treatment plants, which accounted for 19%,

Source: own

wind farms (34%), plants producing biomass
energy carriers (22%) and others (27%).

Tabs. 6 and 7 show the mathematical
parameters of the research results of the
possibility of development of the RES sector in
Poland.

The size of the system priorities of the level
Il factors is in the range of 1.3-17.7%, the
mean of one factor is 6.67% (100 + 15 = 6.67).
When dividing the system priority range into
4 groups and taking 6.67% as the mean, one
can get the significance level of the individual
factors: 1 — high (13.7-17.7), 2 — higher than
average (9.6-13.6), 3 — medium (5.5-9.5),
4 — lower than the average (1.3-5.4).
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Parameters concerning priorities of level Il factors

Factor Priority Sum of Coefficient
Name of level Il factor A =
label value priorities | of variation
c21 EU deglsmns affecting the development of the RES 34.8 08 0.12
sector in Poland
c22 Polish Ieglslgtlon affecting the development of the 24.0 154 0.16
RES sector in Poland
c23 Prlcgs and availability of conventional energy 20.3 168 0.24
carriers
C24 | Regional policy on ecology in Poland 6.5 364 0.12
C25 | Environmental awareness in Poland 14.4 266 0.23
Coefficient of concordance 0.707
y? criterion 48.78
Source: own

in Poland - Part 1

Factor Priority Sum of Coefficient
Name of level lll factor A =
label value priorities | of variation

The share of individual RES carriers in primary energy acquisition in 2011-2015

Impact of European lobbying on renewable energy

el producers on EU law

10.4 3 0.09

Impact of European lobbying of manufacturers
C312 | of machinery and equipment for the production 17.3 1 0.13
of renewable energy in EU law

C313 | Impact of European organic lobbying on EU law 71 5 0.1
Impact of Polish lobbying on conventional energy

C321 | producers on Polish law on renewable energy 12.3 2 0.16
production
Impact of Polish lobbying of renewable energy

C322 | producers on Polish law on renewable energy 6.7 6 0.1
production

c323 Impact_of Polish environmental Iobbylng_on Polish 5.0 10 0.20
legislation on renewable energy production

C331 World hard coal prices and the volume of its output 8.4 4 013
in the world

C332 World oil prices and its volume of its output in the 6.4 7 0.15
world

c333 World prices of natural gas and the volume of its 55 9 0.10
output in the world

C341 Enwror_lmental policy of seIf—governments in regions 3.0 13 0.19
producing large amounts of conventional energy

C342 En\(lronmental pollcy of self-governments in 14 15 0.12
agricultural regions

C343 Environmental policy of self-governments in very 23 14 017

urbanized regions
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| The share of individual RES carriers in primary energy acquisition in 2011-2015
Tab.7: B
in Poland — Part 2

C351 Public awareness about the |rppact of c}onventlonal 48 1" 0.15
energy production on the environment in Poland
C352 Public awareness about the |mpact of r.enewable 6.3 8 0.19
energy production on the environment in Poland
C353 Publlc awareness about the care of the environment 33 12 0.1
in Poland
Source: own

Validity of intervals of system priority factors of level lll factors

. Average value
Range Range borders, % Labe_ls CHEHEIS o welghto of system priority
no. entering the range of the range, % . ,,
factor in the range, %
1 13.7-17.7 C312 171 171
2 9.6-13.6 C321, C311 22.7 1.7
C331, C313, C322,
8 5.5-9.5 C332, C352, C333 40.4 6.7
C323, C351, C353,
4 1.3-5.4 C341, C343, C342 19.8 3.3
Source: own

Tab. 8 shows that only one factor was  weight for the main factor in terms of average
reached in the high-relevancy range: C312,two  system priority. This group has so much ‘own
were found in group 2; groups 3 and 4 had six  weight’ only at the expense of a greater value
factors. The third group has the highest own  of accumulated factors. The dependencies

m Own weight and mean value of system level priorities
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own weight of the range and average value of
system priority factor in the range are presented
in Fig. 3.

The development of the RES sector in
Poland in the coming years will be influenced
by the European lobbying of producers of
machinery and equipment for the production of
renewable energy to the law established by the
EU. It should be noted that Polish and European
lobbying on conventional and renewable
energy producers on Polish and EU law will
have significant influence on the development
of RES sector in Poland. In the next part of the
paper, the authors present a discussion mainly
connected with the level Il factors influencing
the development of the RES sector in Poland.

5. Discussion

Discussion in this paper section is focused on

the following issues:

= analysis of level Il factors affecting the
development of the RES sector;

= EU decisions influencing the development
of the RES sector;

= Polish legislation affecting the development
of the RES sector;

= prices and availability of conventional
energy sources;

= regional policy on ecology;

= environmental awareness.

Considering the decisions of the EU that
influence the development of the RES sector
(34.8% share in level Il factors), the so-
called Energy and Climate package shall be
mentioned. This package refers to the following
three key aspects: reducing CO2 emissions,
promoting renewable energies and increasing
the energy efficiency of EU countries. The
package is a development of the ‘Kyoto Protocol’
which assumed that the regulations would
reduce CO2 emissions by 20% (compared to
1990 levels), increase the share of renewable
energy by 20% and the energy efficiency of
member states by 20%. Within the EU the
share of biofuels in the transport balance will
increase by 10%.

According to Second Energy and Climate
Package assumptions, the reduction of CO2
by 2030 is to be 40% (compared to 1990 gas
emissions), renewable energy production
is expected to be 27% of the total energy
consumed in the EU. The third change pertains
to the limitation of the so-called Trading CO2
Emissions. These entitlements are nothing more

Economics

than the fee for emitting into the atmosphere
a given amount of CO2 during the production
of energy using coal and lignite (among others).
A large volume of CO2 emission allowances is
to be removed from the EU market, which will
most likely lead to an increase in the charge
for this type of emissions. In the opinion of the
authors of this paper, the ratification of this
Package could lead to an artificial increase in
energy prices produced using carbonaceous
fuels emitting large amounts of CO2. This will
have economic consequences especially in
the EU countries where most of the energy
is produced using carbon sources, such as
Poland (Turowski, 2017).

Polish legislation has a 24% share in the
analyzed factors of level Il. The most important
Polish law regulating all issues related to
renewable energy and also affecting the
development of the RES sector in Poland is
the Renewable Energy Sources Act (RES Act,
2015). Poland was obliged to ratify the so-
called First and Second Climate and Energy
Package to increase the amount of renewable
energy produced and, consequently, to invest
in renewable energy. Analyses show that the
current share of renewable energy generation
does not guarantee the assumed level of
production in 2020. This may be due to the fact
that over the last few years mainly wind farms
have received investments whose production
capacity has been relatively low compared to
the investment outlay.

Modifying and improving regulations can
contribute to positive changes related to RES,
motivating clients to electricity saving and
reduction of energy consumption. Itis necessary
to introduce new energy regulations, because
at present there are no relevant provisions
regarding, e.g., the development of intelligent
technologies, and the energy policy tools are
used to a limited extent (Grycan, 2020).

The 2015 RES Act introduced a number
of important changes to the legislation on
renewable energy. The most important are
changes to the funding support systems for
renewable energy producers, which, according
to different sources, are the ones most likely
to lose out on wind power and benefit from co-
firing. The authors of this paper believe that this
seems to be a positive piece of information.
As various reports indicate, the average cost
of electricity production is lowest for multi-fuel
combustion — co-firing of biomass with coal and
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for electricity generation using landfill gas — so-
called biogas (Wisniewski et al., 2013). The
price and availability of conventional energy
sources has a 20.3% share in the analyzed
level Il factors. In 2015 and before, most of
electricity in Poland was produced using fossil
fuels, in particular coal and lignite. The amount
of electricity produced by the coal- and lignite-
fired power plants was 83.73% (PSE Annual
Report, 2015). Therefore, in this paper only the
prices of coal as a conventional raw material
used for the production of electricity are
considered. Other conventional raw materials
are omitted because their share in electricity
production is very small.

Considering the prices of coal used for
electricity production, it should be taken into
consideration that the price of steam coal
decreased systematically from 2012 as well as
the price of 1 kWh for the final consumer should
also be systematically reduced (PSCMI, 2017).
However, the final price consists not only of the
production price of 1kWh, but also: the cost of
purchasing electricity, VAT, excise duties, fees
and local taxes, distribution costs (dealer’s
own costs and margin) and industrial costs.
Therefore, in the detailed analyzes of these
factors, the average prices of electricity in each
Polish region should be carefully assessed and,
on that basis, appropriate conclusions should
be drawn.

Regional policy on ecology has a 6.5%
share in the analyzed factors of level Il. The most
important principle of ecological policy is the
so-called Principle of sustainable development,
a principle written in the Constitution of the
Republic of Poland, which states that the
essence of sustainable development is to treat
economic, environmental and social reasons
in the same way. In other words, it is about
managing human resources economically and
ecologically, to preserve environmental values
in such a way as to ensure sustainable use by
present and future generations (Sejm of the
Republic of Poland, 2009).

The most important objectives of Poland’s
environmental policy (concerning the subject
matter of this paper) are reduction of energy
intensity of the economy (development of
renewable energy in the field of electricity and
heat production) and limiting the excavation of
fossil fuels if a substitute for the energy carrier
can be found. Implementing the goals of the
adopted ecological policy requires adequate

financial resources, much of which is financed
by EU funds.

According to the Council of Ministers of
the Republic of Poland (2008) concerning the
regional policy, in which ecological obligations
for the state were introduced are, for example:
Poland’s Energy Policy until 2030, National
Reform Program and Energy Security and
Environment strategy. Poland’s Energy Policy
until 2030 is a document, which contains the
necessary directions for the development of the
country’s energy sector by 2030. They include,
among others, increasing the energy efficiency
of Poland, improving security of energy and fuel
supplies, diversification of electricity generation
factors through the development of nuclear
power, development of the RES sector energy
(including biofuels), reducing the impact of the
energy sector on the environment as well as
development of competitive fuel and energy
markets.

In the National Reform Program, among
others, key actions aimed at increasing
Poland’s energy efficiency have been included.
It highlights key investments, modernization
and reconstruction of new and existing
elements of Poland’s energy infrastructure,
aimed at achieving the goals of the Europe 2020
strategy (European Commission, 2010). The
goal of the Energy Security and Environment
strategy is the sustainable development of the
energy sector, while improving the environment
(Act, 2009). Polish legislation has a 14.4%
share in analyzed factors of level Il. Citizens’
awareness of matters of national importance
is one of the cornerstones of the functioning
of the state, which also applies to ecological
awareness. In order to achieve the goals in
the context of energy policy, first and foremost,
citizens should be provided with access to
reliable information on the subject, and be
ensured that their environmental education is
adequate. According to research conducted
at the request of the Ministry of Environmental
Protection (TNS, 2015), there are quite big
deficiencies in the society as regards the link
between environmental protection and energy.
The greatest lack of knowledge among citizens’
concerns: RES (in the context of the details of
their use), economic efficiency and productivity,
nuclear power industry, energy saving at home
and at work as well as use of smart energy
meters.

50 | [EV 2021, xxiv. 1



Conclusions

The level of production of renewable energy in
Poland results from the relevant EU directives
as well as from the rich resources of this kind
of energy in the state, such as agricultural
products as well as food and wood processing,
waste, geothermal energy, sun, water and wind
energy. This paper attempts to determine the
possibilities of development of the RES sector.
For this purpose, expert research was carried
outin which factors influencing the development
potential of this sector were assessed at two
levels of their evaluation (with several factors)
according to the factor tree analysis.

In response to the research questions, it
can be stated: energy production from RES
in the EU is clearly increasing. Its share in
obtaining primary energy is from 20.1% in 2010
to 25.4% in 2014, and in Poland this increase is
less noticeable — from 10.2% in 2010 to 11.9%
in 2014. The acquisition of primary energy in
Poland is changing, but in principle remains at
a similar level — from 67.5 Mtoe in 2010 to 71.8
Mtoe in 2013, then fell to 68.2 Mtoe in 2014.

Achieving a state of significant dependence
on RES and the use of the extreme cases, which
are even based on renewable self-sufficiency,
is unreal and prohibitively expensive even in
countries such as Great Britain and Germany
(Green & Staffell, 2017). All the more, it is not
possible in Poland, however, one should think
about the possibilities of improving the situation
in this area.

Based on the analysis of the level |l factors,
it can be concluded that the development of the
RES sector will depend to a decisive extent on
three factors such as: EU decisions affecting the
development of the RES sector (34.8% share),
Polish legislation having an impact on the
development of the RES sector (24.0% share)
as well as prices and availability of conventional
energy carriers (20.3% share). The other
two factors — regional policy on ecology and
environmental awareness — have so far little
impact on the development of this sector in the
state, and their total share is 20.9%.

The analysis of the level Ill factors shows
that the greatest impact on the development
of the RES sector is the impact of European
lobbying of producers of machinery and
equipment for renewable energy production on
EU law (17.1% share of the level Il factors),
the impact of Polish producers lobbying
conventional energy on Polish law in the
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field of renewable energy production (12.3%
share) and the impact of European lobbying of
renewable energy producers on EU law (10.4%
share). The remaining twelve level lll factors
have a combined share of 60.2%, which on
average gives a 7.6% share among factors of
the level Il group.

Based on the detailed analysis of the
factors of significance level Il carried out in
this paper, it can be concluded that there are
great opportunities for the development of
the RES sector, in which the policy of the EU
and Polish legislation will play a significant
role. The conducted research shows that in
this development too small role is played by
the policy of local governments as well as by
ecological awareness of Polish society, which
in the near future should be changed.

Several postulates regarding legal
regulations related to RES can be formulated.
Firstly, RES sector regulations should be
a clear source of information and guidelines
useful for organizations interested in investing
in this area. Thanks to the logical and pragmatic
presentation of these issues, potential investors
may be aware of the risk of planned and
implemented energy projects. Secondly, the
planned and implemented energy policy,
depending on the adopted variant of activities,
creates a greater or lesser threat to the natural
environment and people. Therefore, the choice
of a particular policy and its implementation
cannot take place without obtaining public
acceptance, let alone against public opinion.
Finally, it is necessary to introduce greater
preferences for the development of small
power industry: small hydro, wind and other
power plants as well as power devices built
by small enterprises or private individuals.
These preferences should also apply to
companies wishing to produce equipment for
the construction of such installations.

This paper is one the first such analyzes of
socio-economic conditions for the development
of the RES sector in Poland. It is useful for
the development of further research related
to the identification of socio-economic factors
influencing the development of the RES sector
in other European countries. Future research
may also be inspired by challenges related
to the necessary regulation of electricity
markets and integration of RES variable.
European electricity and the RES sector are
characterized by institutional fragmentation,
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and the specificity and developmental variability
of this sector require the implementation of
better coordination between countries that have
different levels of power systems and different
time scales (De Vries & Verzijlbergh, 2018).
The main research limitation in this paper
is the number of factors examined affecting the
development of RES — too many of them could
significantly interfere with the possibility of their
correct assessment by experts. The authors
are planning their next study, in which they
will take further factors for analysis, such as:
R&D expenditures, raw materials and climate.
The future research could include the previous
conclusions concerning the identification of
socio-economic factors described by other
scientists and academics in their publications.
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