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ABSTRACT: The growing interest in green energy observed in recent years has become the basis for pilot

studies on its electricity production role in Poland. The diagnostic survey method allowed us to
learn about young people’s opinions on renewable energy sources in the context of four identified re-
search areas (the need for RES, planning its installation, costs, environmental impact). The authors
proposed a method based on fuzzy logic (fuzzy relations and optimistic fuzzy aggregation norms)
to develop and interpret the survey results to understand the selected community’s knowledge about
the importance of RES (or not) in the national energy system. The survey shows that although there
is no significant difference between respondents in all research areas, rural women are more intere-
sted in using green technologies. They have a high self-awareness of their beneficial effects on the
environment. Rural respondents, compared to those from the cities, are willing (despite the high
cost of equipment) to invest their capital to purchase green energy carriers, which is dictated by
their lower knowledge about the forms of external support. Depending on the residence place, re-
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spondents selected various government aid programs for renewable energy. People from the city de-
cided mainly on those that would improve the air’s comfort and quality in their place of residence.
On the other hand, the rural areas’ inhabitants focused their attention on the aid possibilities, which
would reduce the energy costs of the farms they run in the future. All the respondents agree that
investments in clean energy (coming from natural sources) will translate into broadly understood
environmental protection, bringing mutual benefits for everyone.

KEYWORDS: renewable energy sources, clean energy, university students, fuzzy logic, fuzzy aggregation
norms

Introduction

The progressive degradation of the environment and depletion of natural resources have im-
plemented ecological energy sources more critical in the world. The interest in renewable energy
sources (RES) has become a necessity due to the observed rate of increase in energy demand,
which is related to the continuous improvement of society’s quality of life. These changes for-
ced the introduction of integrated global actions towards the opening of a sustainable energy
sector. According to (Manowska 2019), an unusually high growth rate of renewable power in
the world was noticed in 2017. This tendency was also maintained in the following the years
2018-2020. Technologies such as hydropower, bioenergy, geothermal energy, and heat have
been recognized as the primary and cost-competitive energy source. In turn, photovoltaics and
wind energy, in particular, compete with new fossil fuel capacities (Manowska 2019). It is esti-
mated that they will have the largest share in the energy sector transformation and will dominate
RES. It will increase the production of green energy by 60% in 30 years (from 25% in 2017 to
85% in 2050). (Fells 1996; 2000) also emphasized the validity of such measures in his papers,
stressing that these technologies have to increase their electricity production share. Neverthe-
less, the development of renewable energy in the world depends not only on the possibility of
using this potential (including the geographical location of the installation) and on the policy
of'a given country supporting the development of such energy carriers (Sowa 2018). In its energy
policy, Poland declares as part of the EU-wide goal to reach the amount of 21-23% of RES in
gross final energy consumption by 2030 (total consumption electricity, heating, and cooling, and
transport purposes). However, these optimistic plans may be difficult to achieve if Poland does
not take immediate steps to create incentives to increase renewable energy use in all sectors of
the economy. The scenario, which (Janeiro and Resch 2017) assumed that the 15% RES target
achievement before 2020 would not be met, has been confirmed. It was the EU, mainly due to
Sweden, Finland, and Latvia’s activities, that achieved significant success in this respect, almost
achieving the 20% target (19.7%) for 2020 (Perzynski 2020). Irrespective of the national, EU,
and global assumptions, the creation of mechanisms and incentives to implement environmen-
tally safe technologies in the coming years is necessary.
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According to (Pawlak 2019), significant changes have occurred in recent years related to the
possibilities of building these sources in the household, which are described in detail by (Santos
et al. 2017). Therefore, the paper’s primary purpose is to check how young urban and rural re-
sidents perceive the importance and development of ecological energy carriers on the domestic
market.

The issues raised are of great importance for environmental protection because, as (Owusu
and Asumadu-Sarkodie 2016) emphasized, reducing the carbon footprint through the changes
in lifestyle and behavior patterns can contribute a great deal to the moderation of climate chan-
ge, which is a severe global threat (Ash 2001). Therefore, securing energy supplies from non-
-fossil sources can reduce greenhouse gases (Houghton 2001). Since the level of knowledge
of the society is varied in terms of the understanding of issues related to renewable energy
sources (especially in the context of economic or environmental benefits resulting from their
use), the analyses will be based on four research groups (urban and rural men and women).
Due to different residence places, respondents might be inspired by varied stimuli to under-
standing these issues. According to (Babbie 2001), apart from observing and interpreting the
obtained results, the fundamental goal is to specify the unit of analysis and determine if there
is a relationship between the studied variables. The investigations were carried out, and the
knowledge obtained through testing the young people’s opinions about ecological energy car-
riers can play an essential role in defining the young generation’s needs and expectations in
terms of products and solutions introduced to the market. Renewable energy is a future hope
for energy expansion for society worldwide due to its abundance in nature, environmentally
clean, and affordable cost once its installation was made (Geleta and Manshahia 2017; Szczer-
bowski and Ceran 2017).

1. Materials and methods

The research was a pilot study, and to conduct this survey, a research institution located in the
place of residence of the publication authors was selected. The main objective of the study was,
in particular, to determine whether:

A —there is a need to invest in green energy in the country,

A, — young people plan to invest in ecological energy carriers in the future,

Az — young people are orientated as to the amount of financial outlays incurred for this pur-
pose and existing state support forms,

A4 — renewable energy sources have a significant impact on environmental protection.

Surveys were conducted employing a diagnostic questionnaire in 2019 on 236 people stu-
dying at one of the Polish universities. Out of the total number of people surveyed, 64% (i.c.,
151) were city dwellers (58.9% men and 41.1% women), and 36% were rural residents (54.1%
women and 45.9% men). The respondents mainly represented two age groups: 20-24 (67.4%)
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and 18-19 (24.6%). The selection of this segment of respondents was purposeful because uni-
versity students have similar characteristics, identifying themselves (despite differences) with
a specific system of values or views. This was dictated by the fact that the authors plan, in the
future, to expand and conduct research among students of several universities with different
educational profiles to know and compare their points of view in sustainable energy sources
(taking their gender and place of residence into account). As scientists usually conduct this type
of research in small groups (50—100 people), we considered that the initially adopted sample size
(250 people) was sufficient. Nevertheless, we did not include 14 questionnaires in the analyzes
due to their minimal filling.

The questionnaire consisted of 27 questions, and we only chose 8 of them (the other ones do
not contribute much to our research areas 4, 4,, A3, A4):

O — What kinds of renewable energy sources do you know?

0, — Do you know what devices/technologies are used for this purpose?

03 — Do you think that we should invest in renewable energy in Poland?

04— Do you/your close family plan to invest in renewable energy in the next years?

05— Do you know forms of financial support for installing renewable energy sources?

Q¢ — Do you think that if you want to invest in renewable energy, you have to spend much
money?

07— Do you think that state support in the field of renewable energy support is sufficient?

Qg — Do you think that renewable energy sources contribute to environmental protection?

In the case of questions Oy, O, and QOs, respondents can name a different number of answers,
so take the following assumption: a maximum of 4 replies from respondents are considered.
The remaining questions consisted of a series of statements to which respondents responded by
pointing to one of the proposed alternative terms (yes, rather yes, rather not, no, I don’t know).
The Likert scale (Likert 1932) used here is the result of young people’s answers to the question
to what extent they agree (or disagree) with a given statement (Sotoma 2002).

The authors propose a fuzzy logic method to analyze the survey results, which agrees with
using fuzzy methods and techniques to solve different problems more often (Zadeh 1965; Sidhu
et al. 2014; Chandran and Kandaswamy 2016).

The authors propose a fuzzy logic method to analyze the survey results, which they called
fuzzy logic application in survey research (FLASR). Let us recall the formal definition. Assu-
me that X is a non-empty space. The set 4 < X is called fuzzy if 4 = {(x, py); x € X}, where
A c Xand py: X — [0,1] is a membership function, which describes this abovementioned level
of truth. Let, for example, X be a space of people and be a set of people who were asked the
question, ‘Do you think that RES impacts the environment’? If somebody answers the conside-
red question ‘I think that renewable energy sources contribute to environmental protection but
are very expensive and the equipment used for energy production burden the environment’, the
membership function py might be equal to py = 0.4. Of course, this is a subjective estimation.
Somebody else might estimate the truth of this statement with a different value.

If we consider the Cartesian product of two spaces, namely X x Y and if R € X x Yis a fuzzy
set, we call R a fuzzy relation.
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In the paper, the following spaces are considered:

P={P;i=12,..1} —the set of respondents (here / = 236);

0=1{0;,j=1.2,...J} — the set of questions administered to people (here J = 8);

A={4;, k=1,2,...K} —the set of research areas (here K = 4).

Based on these spaces, the following fuzzy relations can be defined:

+ Ry < 4 x O, where R (4, O)) denotes the explanation level that question O; gives to the
research area A;;

+ Ry < O x P, where Ry(Q;, P;) means the level of truth which person P; estimates to question
Qj;

4 R3 c A4 x P, where R(4y, P;) denotes the level of understanding of research area 4, represen-
ted by person P;.
Based on fuzzy relations R; and R,, we applied the S-7-composition of fuzzy relations to get

the relation Ry = R; o R, as follows (comp. Rutkowski 2009).

++ 4

Ry (4, B)=S,015. (T(Rl (Ak’Qj )’R2 (QJ"E))) M

for each k and i. The values of relation R; also belong to interval [0,1]. In the paper, the 7- and
S-norms are defined in the following way:

S(X,y)=X+y—xy and T(x,y):xy )

When we consider n values xy, ..., x,,, we can write S in the form
S(x5 xy )=1=(1=x; ) .o (1=x,,) 3)

Table 1 presents the relation R; between the research areas and the questions, in which truth
levels were estimated by the authors (experts). For example, question O; explains research area
A, at level 0.5 and question Q4 contributes explaining this area on level 0.8.

TaBLE 1. The values of relation R between research areas and questions

TaBELA 1. Warto$ci relacji Ry migdzy obszarami badawczymi i pytaniami

Questions
0 &) 0; Oy Os O6 07 Og
Research areas
A, 0.5 0.5 0.4 0.8 0 0.4 0.4 0.5
Ay 0 0.5 0.2 0.8 0.4 0.4 0.7 0.4
Az 0 0 0 0 0.5 0.7 0.8 0.2
Ay 0.7 0.5 0.5 0.8 0.7 0.2 0.7 0.8

Source: authors’ estimations.
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Values of relation R, between people and questions are prepared based on the results of the
survey. Table 2 shows part of this relation.

TaBLE 2. The values of relation R, between the respondents and questions

TaBELA 2. Warto$ci relacji R, migdzy respondentami a pytaniami

Respondents
Py Py Py Py Ps Pg Py Py Py Py
Questions

0 0.5 0.75 1 0.75 1 0.75 0.75 0.75 0.75 0.5
0, 0.75 0.75 1 0.5 1 0.25 0.75 0.5 0.75 0.5
[02) 1 1 1 0.75 1 1 1 0.75 1 0.75
04 0.5 0.25 1 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Os 0 0.25 0.75 0.5 0 0.25 0.25 0.5 0 0
O 0.75 0.75 0.75 0.75 1 0.75 0.75 0.75 1 0.75
(o2} 0 0.5 0.25 0 0.25 0.25 0.75 0 0.5 0.5
0Og 0.75 1 1 0.5 1 1 1 0.5 1 1

Source: estimations based on respondents’ answers.

To calculate values of relation R;, we use the S-7-composition defined by (1) with S and T
norms described by (2), (3). Hence, for k=1, ..., 5and i = 1,2,...,236.

Ry (Akapi)zl_(l_R1 (Akan)‘Rz (Q17Pi))"“'(l_R1 (Ak9Q8)'R2 (QSaPi))
For example

Ry (A1»P1):1‘(1‘R1 (A19Q1)'R2 (Q1apl))'---'(1_R1(Astx)‘Rz (QS’PZ‘)):
:1—(1—0.5-0.5)-(1—0.5-0.75)-...-(1—0.5-0.75) =0.863

so the knowledge of respondent denoted by about research area is very high. Table 3 presents
the part of relation:

TaBLE 3. The values of the part of relation R between research areas and respondents

TaBELA 3. Warto$ci czg$ci relacji R pomigdzy obszarami badawczymi a respondentami

Respondents
Py Py Py Py Ps Pg P Py Py Py
Research areas
Ay 0.863 0.873 0.906 | 0.733 0.906 | 0.822 | 0.873 0.733 0.873 0.713
Ay 0.805 0.746 | 0.938 | 0.619 | 0.797 | 0.644 | 0.746 | 0.619 | 0.746 | 0.619
As 0.689 | 0.824 | 0.906 | 0.806 | 0.877 | 0.763 0.853 0.806 | 0.876 | 0.749
Ay 0.880 | 0.955 0.967 | 0.792 | 0.959 | 0.927 | 0.963 0.792 | 0.952 | 0.923

Source: research calculation applying the Eq. 1, 2 and 3.
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Since it is more interesting to study the RES of groups of people, not individuals, some
aggregation methods have to be applied. The authors selected the optimistic fuzzy aggregation
norm S defined in (Sokolov et al. 2019).

Let x,y € X. The function S:X x X — [0,1] is called an optimistic fuzzy aggregation norm if
it justifies the conditions:

(SD) S(x,y) € [0,1] (normalization)

(52) 5(0,0) = 0 (border condition)

(83) SCx,p) = S(v,x) (commutativity)

(54) S(x,y) > max{x,y} if x # 0 A y # 0 (optimism).

The following optimistic fuzzy aggregation norm:

S(y)=x+y—xy “4)
for x,y € [0,1] was selected to aggregate values in the paper.

Before the aggregation, since the different groups have different numbers of respondents, all
R5 values are divided by the number of respondents. Then the optimistic fuzzy aggregation norm
(4) is applied, and levels of knowledge of different students’ groups are calculated and presented
in Table 4.

TABLE 4. The aggregated values of relation between research areas and groups of respondents

TABELA 4. Zagregowane wartosci relacji pomiedzy obszarami badawczymi a grupami respondentéw

Respondents Urban Urban Rural Rural Urban Rural
men women men women Men Women people people
Research area:
Ay 0.3876 0.3112 0.2847 0.3712 0.5740 0.5453 0.5576 0.5621
A, 0.3657 0.2963 0.2652 0.3619 0.5497 0.5264 0.5298 0.5464
Ay 0.3797 0.3122 0.2792 0.3622 0.5685 0.5356 0.5478 0.5568
Ay 0.4205 0.3382 0.3141 0.3989 0.6121 0.5826 0.5980 0.5972

Source: research calculation applying the Eq. 4.

Considering these results — levels of knowledge and understanding of the RES within diffe-
rent research areas, we can compare these respondents’ groups.
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2. Results

While questioning people, the data gathered was vague and subjective because they were are
asked about their opinion about some problems. When respondents estimated their opinions on
the questions (Q—0g), they found it challenging but assessing their feelings about the research
areas (4,—Ay4) would be more complicated. Of course, understanding and evaluating the truth
levels of questions are easier because they affect only one aspect of the problem considered in the
research areas. In this case, we need some method to connect questions with research areas, and
the FLASR method is introduced to fulfill this purpose for each respondent separately. The next
step of this method is aggregating the achieved respondents’ results to some groups.

Based on the results of the FLASR methods presented in Table 1, the diagram of levels of
respondents’ group is prepared (Fig. 1).

0.62
0.6
§ 0.58 BUrban men
T;‘ mRural men
- 0.56
k3! Urban women
<
80 0.54 ®Rural women
=
% =Men
< 0.52
Women
0.5 mUrban people
mRural people
0.48

Necessity of Investment Financial Environmental
investment (A1) planning (A2) outlays (A3)  protection (A4)

Research areas

Fig. 1. Levels of students opinions of the discussed areas concerning gender and place of residence
Source: own study based on Table 4

Rys. 1. Wartosci opinii studentéw na temat omawianych obszaréw z podziatem na pte¢ i miejsce zamieszkania

The conducted analyses showed that in the area of “necessity of investment”, research area
Ay, (Fig. 1) that regardless of the place where the respondents live, young people expressed the
view that investments in renewable energy are a must for the Polish economy because they result
from the need to protect the environment. Rural residents and primarily women pointed out the
importance of implementing ecological energy carriers. Moreover, it shows that urban men have
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a higher level of information than other respondents, and rural women, more often than rural
men, gave more examples of sources for processing the discussed energy. For the analysis of this
research area, questions O and Qs are the most important because they check the knowledge
about RES and indicate the necessity of its implementation.

In turn, the analysis of the research area 4,, called investment planning, was mainly based on
questions O, and Q4. We chose these questions because making a decision is a crucial issue (and
a derivative of many factors, e.g., a preliminary analysis of financial needs or a renewable energy
option for themselves). Choosing the best RES option affects drawing up the final business plan
by selecting and matching the best solution for investors. Undoubtedly, the respondent must be
convinced that such investments are essential for the country’s energy sector (therefore, the im-
portance of the interest in this area, question ;). With the share of equity, young people living
in rural areas, especially women, were more likely to buy them. Urban people, if they already
showed interest in purchasing such devices, were less likely to associate them with personal
contributions and consider installing them with financial assistance from the state. They have
more recent knowledge of national or EU subsidy sources among urban respondents in various
aid programs for launching these installations. The FLASR method confirms that women want
to invest in renewable energy more often and know more (compared to men) various forms of
external support, which accelerate their purchase. They know Poland’s funds for installing eco-
logical energy equipment, namely the National Fund for Environmental Protection and Water
Management and the Voivodship Funds for Environmental Protection and Water Management.
Rural residents were more familiar with the support instrument ‘My Electricity’, while city
dwellers were more interested in the ‘Clean Air’ program.

The following research area A5 concerning investment outlays, and we understand that main-
ly questions Q5 and (g relate to this area. Academic students agree that these amounts are re-
latively high. Because when considering a given project, it is essential to analyze its costs, so
estimating their financial resources to those offered by the state for the purchase of RES can help
decide on a given technology. The group representing the inhabitants of rural areas (mostly wo-
men) was more firm about high prices for purchasing and installing renewable energy sources.

The next research area, 4, is associated with questions Q7 and Qg. The critical question, QOg,
is that it is more challenging to invest in RES without external help, so question Q7 was attached
to this area’s study. The increasing ecological awareness of the society and the promotion of
green energy sources resulted in the separation of the ‘environmental protection’. Young people
are well aware that reducing the environmental burden of burning fossil fuels has become a ne-
cessity in the country. They know that the conditions for obtaining renewable energy support
from the state are not sufficient, but on the other hand, they cannot block their development. Re-
spondents’ self-awareness about the beneficial impact of renewable energy sources for environ-
mental protection is very high in all research groups, but the highest among urban and female
residents. The rural respondents also signaled more often than those from cities that RES support
from the state was sufficient in this respect (the responses of women and men in this group were
similar to each other), which urban women did not confirm. Perhaps that is why they also more
often than urban men sought external aid for RES.
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Summing up, we can notice that rural women, demonstrating willingness more often to invest
in RES (engaging their own and even significant financial resources), have a more ecological
approach to the discussed issues. They also had better insights (both from rural men and urban
women) about the green energy technologies available on the market and about the possibilities
to minimize the costs of buying them. Women from rural areas probably better understand the
need to install renewable energy as a stimulus to launch new technological solutions on the mar-
ket, thus reducing the impact of conventional coal energy on the environment.

Urban men are also a group that stands out from the rest. They notice the necessity of invest-
ments, which will ultimately translate into the protection of the environment in which they live.
They knew more often (than the other groups included in the analysis: rural men and women)
energy sources and equipment for their production and calculated their launch based on financial
assistance from the state. When planning investments in RES in the future, they probably took
into account, apart from the assumed improvement of their buildings’ energy efficiency, that their
actions would improve the city’s quality of air. On the other hand, rural residents could associate
renewable energy sources with reduced agricultural or processing sectors’ expenditure.

The interviewees most likely concluded that they either assumed energy expenditure re-
duction or treated renewable energy as a future alternative to farming with a technologically
advanced farm. This fact is highlighted in his study (Wozniak 2018), stressing that sustainable
energy management in rural areas (based on RES) should, among other things, lead to the self-
-sufficiency of farms.

It should be remarked that young people notice the need to treat renewable energy as a sector
with great use opportunities. The FLASR method presented in the paper confirmed the con-
clusions obtained based on statistical data analysis (Cichowska 2021) regarding the comparison
between the considered groups of respondents in terms of questions related to the discussed
issues.

The issue connected with renewable energy sources is a complex one, and we are going
to continue its investigation. However, we think that the research procedure used (its stages,
methodology, techniques used, question selection) is satisfactory at the moment because of the
purposefulness of the problem posed and attempts to confirm it using the FLASR method. Due
to the study’s limited volume, we do not refer to all the issues raised in the survey. However, the
vastness of renewable energy issues provides the basis for preparing a separate publication in
this field.

The contemporary development of civilization and socio-economic life causes that tasks
and problems formulated for science are more and more complex, exceeding the competencies
of one discipline and, at the same time, the professional skills of a single scientist (Wierz-
chostawski 1996). The researchers’ collaboration in various fields enables a new approach
to inquiry and, as emphasized by (Gross and Stauffacher 2014), increases the ability to solve
applied sciences and engineering problems, especially those related to the environment and
sustainable development.

Comprehending the opinions of young people (students) on the role of renewable energy
sources is very important because, as (Ruszkowski 2016) states, the real influence of society
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on political decisions in the field of energy development and environmental protection was pri-
marily participation in parliamentary elections. In many environments, there are demands for
greater empowerment of society in issues of high social sensitivity. Based on the research, the
author formulated (together with the co-authors of the problem) a thesis that Poles already have
a well-formed general energy awareness, including both preferences regarding the development
of energy sources and opinions related to climate policy. At the same time, he emphasized that
the problem of social trust in energy sources was analyzed in terms of their safety and prospects.
In both dimensions, the highest confidence rates, over 80%, were achieved by renewable energy
sources, and, since 2015, these results have remained at the same very high level.

At the same time, a broad public opinion poll on renewable energy sources was also conduc-
ted in Poland by TNS Polska (a research agency dealing with public opinions), at the request of
the Institute for Renewable Energy as part of the cooperation of a consortium of companies and
national associations for the development of the ‘National RES heat development plan’. This
survey shows that Poles expect an increase in support for domestic renewable energy installa-
tions (60%) and would most willingly use solar energy. Poles also notice the impact of renew-
able energy on increasing the clean natural environment standards in Poland (Gramwzielone.pl
2016). An essential element of the energy awareness of Poles is the perception of threats related
to climate change. Nearly three-quarters of respondents estimate that environmental hazards as-
sociated with global warming and carbon dioxide emissions to the atmosphere are fundamental
problems (Ruszkowski 2016).

Nevertheless, during the 3™ Polish National Scientific Conference Energy security pillars
and development perspective’, which took place in 2018, scientists drew attention to the constant
need to educate the public on renewable energy sources. They recognized that the lack of suffi-
cient knowledge resulted in a low level of citizens’ activity in this sector. They noticed a public
interest in RES, support, and willingness to use such installations. However, the obstacle is the
lack of information on legal regulations and the possibility of obtaining funding (these opinions
coincide with those received by this paper’s authors). At the same time, they argued that it was
necessary to improve the environmental awareness of the society and the stability of energy
supplies (especially in rural areas) and broaden the entreprencurial attitudes of the inhabitants.
They indicated (concerning the role of culture in the development of renewable energy sources)
the model of citizens with high environmental awareness (implemented, inter alia, in Austria),
voluntarily choosing RES installations in their households and actively participating in the ener-
gy market as prosumers (Kucharska 2018).

Residents of different countries think about the RES similarly. For example, most Americans
would like to expand renewable sources to provide energy and do not support the increase in
fossil fuel production (such as oil, gas, and nuclear power). Generally, Americans consider solar
energy, which is influenced by financial matters and then environmental concerns (Pew Research
Centre 2019). In turn, the UK researchers think that the British people’s opinions about RES are
a function of their feelings about the environment, neighborhood appearance, local community,
economy, noise, and traffic. People who live nearby existing renewable energy constructions,
males, and younger people are more likely to be optimistic about RES (Climate change 2012).
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Interesting observations can be found in the study by (Vand et al. 2019). The authors see the
need to raise awareness of renewable energy sources among the inhabitants of China. They conc-
lude that explaining green energy products’ benefits is a fundamental tool to achieve a healthier
environment. They also showed that over 70% of respondents thought about purchasing green
energy products, but they lacked sufficient knowledge and awareness. Their results reveal that
people’s earnings and knowledge levels are substantial barriers to the purchase of green energy
products. Moreover, (Qazi et al. 2019) also showed that the lack of social awareness of environ-
mental problems is the main problem encountered by installing renewable energy technologies.
To develop RES, they indicate the significance of the public knowledge and analyze social me-
dia tweets, which is a new way of researching social problems to produce recommendations for
scientists and industry.

Young people are assigned a unique role in implementing ecological energy carriers by (Ko-
mendantova et al. 2018). The authors show that it is essential to understand young people’s opi-
nions on the implementation of RES since they constitute a substantial part of society and make
decisions soon. Thus, their assistance and care to use green energy sources will be essential in
RES development. Using a different methodology than in our study, they conclude that under-
standing influences the plan of using renewable energy. Therefore, policy-making procedures
need to raise information campaigns targeted at young people to give them more information on
renewable energy advantages.

The survey of university students examining knowledge about RES, including many aspects
(like technical, economic, and policy), was conducted by (Assali et al. 2019). They showed a li-
mited degree of self-awareness and knowledge of young people on this subject (the results are
different from those obtained by the study’s authors). (Zyadin 2015) states a shortage of research
conducted to examine and learn how young people percept and what attitudes they present about
RES, especially in developing countries. His study also showed that mainly women preferred
renewable energy sources. He suggests that information campaigns using the mass media should
be prepared to eliminate vagueness and doubts about the society’s future energy sources.

The results’ discussion confirms the validity of the research on RES among various so-
cial groups, including the youth population. Most authors emphasize the importance of the
non-technical aspect when choosing green energy carriers. The construction of appropriate
mechanisms stimulating the broader use of renewable energy sources requires recognizing
the level of knowledge, attitudes of potential recipients, and their real needs. The opinion on
the possibility of creating and modifying instruments supporting this type of initiative is also
critical (Bieniecki et al. 2012). Their study revealed the state’s need to promote these sources,
access specialist knowledge, or ecological financing investment sources. The research groups
highlighted some different opinions in this respect, therefore, the authors believe that scientific
studies should emphasize market analyses conducted for a specific recipient of RES techno-
logy in the future.
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Conclusions

1. The respondents agree that sustainable energy development based on renewable energy
sources is necessary for the Polish economy, resulting from reducing the harmful impact of burnt
energy production on the environment. However, their implementation will only be possible if
the state provides the society with appropriate economic instruments that will reduce their pur-
chase costs.

2. Rural residents showed interest more often than city dwellers in the willingness to invest
in green energy in the future. They probably notice that RES installations can cover the growing
demand for energy in agriculture and make farms perceived as modern and environmentally
friendly. This trend may also be dictated by rural residents’ willingness to become independent
of the professional energy sector. On the other hand, the attitude of young people from cities
more distanced from the RES may result from investment limitations in the form of, e.g., lack of
space for this type of installation, at the cost of purchasing land for such investment or a place to
live (multi-family housing).

3. The analyses showed a varied knowledge of young people about the RES, which did not
translate into declarations regarding future investments. Respondents from rural areas were (as
already indicated) more interested. However, they spread information about them less frequently
and were less aware of the state’s help when purchasing them. Probably, therefore, their invest-
ment plans were mainly based on their capital. If they decided to invest in renewable energy
sources, the more educated young people from cities in this area would primarily benefit from
external funds.

4. Renewable energy sources require the constant promotion in the country and entities’
involvement (local, provincial, national) encouraging people to implement ecological projects.
Without public participation, it is impossible to implement the state-planned energy management
concepts. Therefore, it is essential to recognize the expectations in this regard and to create in-
centives, especially economic ones, which, as the research has shown, constitute a serious barrier
to investment.

5. When answers are subjective and uncertain, fuzzy logic may be very useful for analy-
zing collected data and drawing conclusions. With the application of data analysis based on the
FLASR method, this survey clearly shows the relationship between respondents and questions
and what is more interesting between research areas and respondents’ groups. Thus, we can esti-
mate levels of understanding areas distinguished in the RES issue among young people.
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TaBLE 1A. The values of relation R, between respondents and questions (urban men)

TABELA 1A. Wartosci relacji R, migdzy respondentami a pytaniami (mezczyzni z miasta)

Appendix

Question
O 0 s on Os 6 07 08
Respondent

1 2 3 4 5 6 7 8 9

1 0.5 0.75 1 0.5 0 0.75 0 0.75
2 0.75 0.75 1 0.25 0.25 0.75 0.5 1

3 1 1 1 1 0.75 0.75 0.25 1

4 0.75 0.5 0.75 0.25 0.5 0.75 0 0.5
5 1 1 1 0.25 0 1 0.25 1

6 0.75 0.25 1 0.25 0.25 0.75 0.25 1

7 0.75 0.75 1 0.25 0.25 0.75 0.75 1

8 0.75 0.5 0.75 0.25 0.5 0.75 0 0.5
9 0.75 0.75 1 0.25 0 1 0.5 1
10 0.5 0.5 0.75 0.25 0 0.75 0.5 1

11 0.5 1 1 0.25 0.25 0.75 0.25 0.25
12 0.75 1 1 0 0 0.75 0.5 0.75
13 0.75 0.5 0.75 0.75 0.25 0.75 0 1

14 1 1 1 1 0 1 0.25

15 0.75 0.25 1 1 0.5 0.75 0.25 1

16 1 0 0.75 1 0.25 0.75 0.25 0.75
17 0.25 0.25 0.75 0 0.25 0.75 0.75 1

18 0.5 0.5 1 0 0.5 1 0.25 1

19 0 0 0.5 0.5 0 0 0.5 0.5
20 1 0 1 0.75 0 0.75 0.25 1
21 0.75 0.75 0.75 0.5 0.25 0.5 0.5 0.5
22 1 0.5 1 0.75 0.25 0.75 0.25 1
23 0.5 0.5 1 0.5 0.75 0.75 0.5 1
24 0.75 0 1 0.5 0 0.75 0.75 1
25 1 0.5 0.75 0 0 0.75 0.5 1
26 0.75 0.75 1 0 0 0.75 0.25 1
27 0 0 0.5 0.25 0 0.75 0.5 0.75
28 0.75 0.75 1 1 0 1 0.5 1

29 1 0 1 0.5 0 0.25 0.25 0.75
30 0.75 0.5 1 0.5 0 0.5 0.25 0.5
31 1 0.75 1 0.5 0.75 1 0 1

32 0.75 0.5 1 0.75 0 0.5 0.5 0.5
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1 2 3 4 5 6 7 8 9
33 0.75 1 1 0.75 0.25 0.25 0 0.75
34 0.75 0.75 0.75 0.75 0 0.5 0.25 1
35 0.75 0.75 1 1 0 0.75 0.25 1
36 0.75 0.75 1 0.75 0 0.75 0.25 1
37 0.75 1 1 0.25 0.5 1 0.5 1
38 0.75 0.75 0.75 0.25 0 0.75 0.5 0.75
39 1 0.75 1 0.5 0 0.75 0 1

40 1 1 1 1 0.25 1 0 1

41 0.75 0.75 1 0.5 0 0.75 0.25 1

42 0.75 0.75 0.75 0.5 0.75 1 0 0.5
43 0.5 0.5 0.75 0 0.25 0.75 0.5 0.75
44 0.5 0.25 1 0.5 0 0.75 0.25 1
45 0.25 0.25 1 0.75 0 0.75 0.25 1
46 0.5 0.5 1 0.75 0.25 1 0.75 1
47 0.5 0.75 0.75 0 0 1 0 1

48 0 0 0.5 0.5 0 1 0.5 0.25
49 0.75 0.5 0.75 0 0 1 0.5 0.75
50 1 0.5 1 0 0.25 1 0 1

51 0.75 0.5 0.75 0.75 0 0.75 0 0.75
52 0.75 1 0.75 0.5 0.5 0.75 0 1

53 1 1 1 0.75 0.25 0.75 0.25 1
54 0.75 0.75 1 0.5 0.75 0.75 0.25 1

55 0.5 0.75 0 0 0.25 1 0 0.25
56 0.75 0.75 1 0.75 0 0.75 0.25 1
57 1 1 0.5 0.5 0.5 1 0.25 1

58 1 0.75 1 0.75 0.5 0.75 0.75 0.5
59 1 0.75 1 0.5 0.25 0.75 0 1
60 1 0.75 1 0 0.25 1 0 1

61 1 0.75 1 0.75 0.75 0.25 0 1

62 1 1 0.75 0 0 1 0 0.75
63 1 1 1 1 1 0 0 1

64 1 0.75 1 0.5 0 0.75 0.5 1
65 0.75 1 1 0 0 1 0 1

66 1 0.75 0.75 0.25 0 0.5 0.75 0
67 1 1 0.75 1 0.25 0.75 0 0.75
68 1 0.75 1 0.75 0 1 0 1

69 1 1 1 0 0 0.75 0 1

70 0.5 0.5 1 1 0.25 0.75 0.25 0.25
71 0.5 0.25 1 1 0.75 1 0 1

72 0.5 0.5 1 0.75 0 0.75 0.5 1
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1 2 3 4 5 6 7 8 9
73 1 0.5 0.75 0.25 0.5 0.75 0.5 0.75
74 0.75 0 1 0.25 0.25 0.25 0 1
75 0.75 0 1 0 0.25 0.75 0.5 0.75
76 1 0.5 1 0.5 1 1 0.75 1

77 1 0.75 1 0.75 0.5 1 0.25 1
78 0.5 0.5 1 1 0 0.25 0.25 1
79 0.75 0.75 1 1 0 0.25 0.5 1
80 0.75 0.5 1 0.25 0 1 0.25 1

81 0.75 0.5 0.75 0.5 0.25 1 0 0.75
82 1 0.75 1 0.25 0.75 0.75 0.25 1
83 0.75 0.75 1 1 0.5 1 0 1

84 0.75 1 0.75 0.5 0.75 1 0.5 0.75
85 0.5 0.5 0.75 0.75 0.75 0.75 0.25 0.5
86 0.75 0.75 1 0.25 0 0.25 0.75 1
87 0.5 1 1 0.75 0 0.75 0 1

88 0.5 0.75 1 0 0.25 1 0 1

89 0.5 0.5 1 0.25 0.75 0.5 0.25 0.75
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TaBLE 1B. The values of relation R, between respondents and questions (rural men)

TaBELA 1B. Wartosci relacji R, migdzy respondentami a pytaniami (m¢zczyzni ze wsi)

Question
O %)) 05 04 Qs (05 07 O3
Respondent
1 2 3 4 5 6 7 8 9
1 1 1 0.75 0.25 0.75 1 0.5 1
2 0.75 0.5 0.75 0.5 0 1 0.5 0.75
3 0.75 0.75 1 0.75 0 0.75 0 1
4 1 0.5 1 0.75 0.5 1 0 1
5 0.25 0 0.75 0.5 1 0.5 0.75 0.5
6 0.5 1 1 0.25 0 1 0.5 1
7 0.25 0.5 1 0.25 0 0.75 0.5 1
8 0.5 0.75 1 0.25 0.25 0.75 0.5 1
9 0.75 0.75 1 0.5 0 0.75 0.5 1
10 0.25 0.25 0.75 0.75 0.5 0.75 0.75 1
11 0.75 1 0.75 0.25 0 0.75 0.5 1
12 0.75 0.75 1 0 0.75 1 0.25 0.75
13 1 0.5 1 0.5 0.75 0.75 0 1
14 0.75 0.75 1 0.75 0.5 0.75 0.25 0.75
15 0.75 0.75 1 0.75 0.5 0.75 0 0.75
16 0.75 0.75 1 0 0 0.5 0.25 1
17 0.5 0.5 1 1 0.5 0.5 0.25 1
18 0.75 0.75 1 0.5 0 0.75 0.5 0.75
19 1 1 1 1 0.5 1 0 1
20 0.5 0.5 1 0.25 0 0.75 0.25 0.75
21 0.5 0.5 0.5 0.25 0 0.75 0.5 0.5
22 0.75 0.75 1 1 0.25 0.25 0.75 0.75
23 0.75 0.75 1 0.5 0 0.75 1 1
24 0.75 0 1 0.25 0 0.75 0.25 1
25 1 0.5 1 0.25 0 1 0 0.75
26 0.75 0.75 0 0 0 1 0 0
27 0.5 0.5 0 0 0 1 0.5 0.25
28 0.5 0.5 1 0.5 0.5 0.75 0.25 1
29 1 0.75 1 1 0.75 0.75 0.25 0.75
30 0.75 0.75 1 0.5 0.75 0.5 0.25 1
31 0.75 0 1 0.75 0 1 0.25 0.75
32 0.5 0.75 1 0.75 0.75 0.75 0 0.75
33 1 0.75 1 0.75 1 0.75 0 1
34 0.75 0.75 1 1 0 0.75 0.75 0.5
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1 2 3 4 5 6 7 8 9
35 0.25 0.25 1 1 0.25 0.75 0.75 1
36 0.75 0.75 0.75 0 0 0.5 0.5 0.5
37 1 0.75 1 0.75 0 0.5 0 0.75
38 1 0.5 1 1 0.25 1 0 1

39 0.75 0.75 0.75 0.75 0 0.5 0.5 0
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TaBLE 1C. The values of relation R, between respondents and questions (urban women)

TaBeLA 1C. Wartosci relacji R, migdzy respondentami a pytaniami (kobiety z miasta)

Question
0 O 0; Oy Os Os 07 0Os
Respondent

1 2 3 4 5 6 7 8 9
1 0.5 0.75 1 0.75 0 0.25 1 1
2 0.25 0.25 1 0.25 0.75 0.5 0.5 0.75
3 0.75 0.75 1 0.5 0 0.75 0.5 1
4 0 0 0.75 0 0 0.5 0.5 0.5
5 1 0.5 0.75 0.75 0.25 0.75 0.5 0.5
6 1 0.5 0.25 0 0.5 0.75 0 1
7 0.75 0.75 1 0.5 0 1 0.25 1
8 0.75 0.75 0.75 0.75 0 0.75 0.5 1
9 1 0.5 1 0.5 0.75 0.75 0.25 1
10 0.25 0.25 1 0.5 0 0.75 0 1
11 1 0.75 0.75 0 0.25 0.75 0.25 0.75
12 0.75 0 1 0.5 1 0.75 0 1
13 0.75 0.5 1 0.25 0 0.75 0.25 0.75
14 0.75 0.5 1 0.25 0 0.75 0 1
15 0.5 0.5 1 0.5 0.75 0.75 0.5 0.5
16 0.75 0.25 0.75 0.25 0.25 0.75 0.25 1
17 0.75 0.5 1 0 0.5 1 0 1
18 0.5 0.5 1 0.25 0.25 0.75 0.25 1
19 0.75 0.75 1 1 0.75 0.75 0.25 1
20 0.5 0.5 1 0.75 0.25 0.75 0.25 1
21 0.75 0.75 1 0.75 0.25 1 0.25 0.75
22 0.75 0.5 1 0.25 0.75 0.75 0.5 0.75
23 0.5 0.5 1 0.75 0.25 0.75 0.25 1
24 0.75 0.5 1 0.75 0 0.75 0 0.75
25 0.25 0.25 1 1 0.25 0.25 0.75 1
26 0.75 0 1 0.75 0.5 0.75 0.25 0.75
27 0.75 0.75 1 0.25 0 0.75 0.25 1
28 0.5 0.5 1 0.5 0.25 0.75 0.25 1
29 0.25 0.25 0.75 0.25 0.75 0.75 0.25 0.75
30 0 0 0.75 0.25 0.75 0.75 0.25 1
31 0.5 0.5 0.75 0.5 0.5 0.75 0.25 0.5
32 0.75 0.75 0.75 0.25 0.25 0.75 0 0.75
33 0.75 0.75 1 0.75 0.75 0.25 0.25 1
34 0.5 0 1 1 0.25 0.75 0.25 1
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1 2 3 4 5 6 7 8 9
35 0.75 0.5 1 0.75 0.25 1 0.25 1
36 1 0.75 1 1 0 1 0.5 1
37 0.75 0.75 1 0.25 0 1 0 1
38 0.75 1 1 1 0.5 1 0.5 1
39 0.75 0.75 0.75 0 0 0.75 0.5 0.75
40 0.75 0.75 1 1 0.25 0.75 0.25 0.75
41 0.75 0.75 1 0.75 0.25 0.5 0.5 1
42 1 0.5 1 0.5 0.25 0.75 0.5 1
43 1 0 1 0 0 0.75 0.5 1
44 1 0.75 1 0.25 0 0.75 0.25 1
45 0.5 0.25 1 0.25 0 0.5 0.25 0.75
46 0.75 0.75 1 0.25 0.25 0.75 0.25 1
47 0.5 0.75 1 0.25 0.25 0.75 0.25 0.75
48 1 0.75 1 0.75 0.5 1 0 1
49 0.75 0.5 1 0.75 0.25 0.75 0.5 1
50 1 1 1 0.5 0.75 0.25 0.25 1
51 0.75 1 1 0.25 0.75 0.75 0.75 1
52 0.5 0.75 1 0.75 0.25 0.75 0.25 0.75
53 1 0.75 1 0.25 0.5 1 0.25 1
54 0.5 0.75 0.75 0.75 0.25 0.5 0.75 1
55 0.5 0.5 1 0.75 0.75 0.75 0.25 0.5
56 1 0.75 1 1 0.25 0.75 0 1
57 0.25 0 0.75 0 0 1 0 1
58 1 1 1 1 0.25 0.75 0.25 0.75
59 1 1 1 0.75 0 1 0 1
60 1 1 1 0.75 0 0.25 0 1
61 0.75 0.25 0.75 0.25 0.5 1 0.25 1
62 0.5 0 0.75 0.5 0.5 0.75 0.25 1
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TaBLE 1D. The values of relation R, between respondents and questions (rural women)

TaBELA 1D. Wartosci relacji R, migdzy respondentami a pytaniami (kobiety ze wsi)

Question
O ) 0; Oy Os 96 07 O
Respondent
1 2 3 4 5 6 7 8 9
1 0.5 0.5 1 1 0.25 0.75 0.75 1
2 1 1 1 1 1 0.75 0.25 1
3 0.5 0.5 0.75 0.25 0.25 1 0.25 0
4 0.25 0 0.75 0.75 0 0.75 0.25 1
5 0 0 0.75 1 0 0.75 0.25 0.75
6 0.25 0.25 1 0.75 0.25 1 0.25 1
7 0.75 0.5 0.75 0.75 0.5 1 0.5 0.75
8 1 0.75 1 1 1 0.75 0.25 1
9 1 0.5 1 0.75 1 0.75 0.75 1
10 0.75 0.5 1 0.25 0 0.75 0 1
11 1 1 1 0.5 0.25 0.5 0.25 1
12 0.75 0.75 1 1 0.5 1 0.25 1
13 0.75 0.75 0.75 0.75 0.5 1 0.5 0.5
14 0.75 0.75 1 0.25 0 0.75 0.25 1
15 0.75 0.5 1 1 0.25 0.25 0.75 1
16 0.5 0.75 1 0.25 0 0.75 0.75 0.75
17 1 0 1 0.75 0.5 0.25 1 0.75
18 0.5 0 1 0.5 0.25 1 0 0.75
19 0.75 0.75 1 0 0.25 0.75 0.25 1
20 0.75 0.5 1 1 0 0.75 0.75 1
21 1 1 1 0.75 0.25 1 0.25 1
22 0.75 1 1 0.75 0.75 0.75 0.25 1
23 0.75 0.5 1 0 0 1 0 0
24 0.75 0.75 1 0.75 0.25 0.75 0.5 0.75
25 1 0.75 1 0.25 0 0.75 0.25 0.75
26 0.75 0.5 1 1 0 1 0.25 1
27 1 1 1 1 0.75 1 0 1
28 1 1 1 1 0.5 0.75 0.25 0.75
29 0.75 0.25 0.75 1 0 0.5 0.5 0.75
30 0.75 1 1 1 0 0.75 0 1
31 1 0.5 1 1 0 0.75 0.25 1
32 0.75 0.5 1 0.75 0.25 0.75 0.25 1
33 1 0 1 1 0 0.75 0 1
34 0.75 0.75 1 0 0 0.5 0 1

177



1 2 3 4 5 6 7 8 9
35 0.75 0.75 1 0 0 0.5 0.25 1
36 0.75 0.5 1 0.5 0.25 0.5 0.75 1
37 0.75 0.75 1 0.75 0 0.75 0.25 1
38 0.75 0.75 1 0.25 0.5 1 0.5 1

39 0.75 0.75 1 0.25 0.25 1 0.5 1
40 0.75 0.5 0.75 0.25 0.25 1 0.25 0.75
41 0.75 1 1 0.75 0.75 1 0.25 0.75
42 0.75 0.75 1 0.5 0.75 0.25 0 1
43 0.5 0.5 1 0.5 0.25 0.75 0.5 0.75
44 0.25 0.5 0.75 0.5 0 0.75 0.5 0.25
45 0.75 0.75 1 0.25 0.75 0.5 0.5 1
46 0.5 0.5 1 0.5 0.25 1 0.5 1
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Jolanta Barbara CicHOwskA, Aleksandra MRELA, Oleksandr SOKoLOV

Znaczenie sektora energetyki odnawialnej w opinii mtodziezy
wiejskiej i miejskiej

Streszczenie

Obserwowany w ostatnich latach wzrost zainteresowania zielong energia stat si¢ podstawa do prze-
prowadzenia pilotazowych badan dotyczacych jej roli w produkeji energii elektrycznej w Polsce. Metoda
sondazu diagnostycznego pozwolita pozna¢ opinie mtodych ludzi na temat odnawialnych zrodet energii
w kontekScie czterech zidentyfikowanych obszaréw badawczych (koniecznos¢ OZE, planowanie jej in-
stalacji, koszty, wptyw na $rodowisko). Do opracowania i interpretacji wynikéw badan ankietowych za-
stosowano metodg oparta na logice rozmytej (relacjach rozmytych i optymistycznych rozmytych normach
agregacji), aby lepiej zrozumie¢ wiedz¢ wybranej spotecznos$ci na temat waznosci (lub nie) OZE w kra-
jowym systemie energetycznym. Z badania wynika, ze cho¢ nie ma znaczacej réznicy mi¢dzy grupami
respondentéw we wszystkich obszarach badawczych, to mozna zauwazy¢, ze kobiety mieszkajace na wsi
sg bardziej zainteresowane wykorzystaniem ekologicznych technologii. Posiadaja one wysoka samos$wia-
domos¢ w zakresie ich dobroczynnego wptywu na srodowisko. Respondenci wiejscy, w pordwnaniu z tymi
z miasta, s3 sklonni (pomimo wysokich kosztow urzadzen) angazowaé wlasny kapital na zakup zielonych
no$nikow energii, co jest podyktowane ich nizszg wiedza na temat form wsparcia zewnetrznego. W zalez-
nosci od pochodzenia wybierano rozne rzadowe programy pomocowe na OZE. Osoby z miasta decydowaty
si¢ gtdwnie na te, ktore w miejscu ich zamieszkania poprawig komfort jako$ci powietrza atmosferycznego.
Z kolei mieszkancy wsi skupiali swoja uwage na wykorzystaniu instrumentéw pomocowych, dajacych
w przyszto$ci obnizenie kosztow energii w prowadzonych gospodarstwach rolnych. Wszyscy respondenci
sa zgodni, ze inwestycje w czysta energi¢ przetoza si¢ na szeroko pojeta ochrone srodowiska, przynoszac
wszystkim obopolne korzysci.

SLowa KLUCZOWE: odnawialne zrodta energii, czysta energia, studenci, logika rozmyta, optymistyczne
rozmyte normy agregacji
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