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Abstract:

The primary goals of the study are to present a qualitative examination of household awareness of renewable
energy sources and to ascertain their requirements, as well as their expectations for an improvement in quality
of life as a consequence of using renewable energy to reduce greenhouse gas emissions and air pollution while
improving public health. There are no empirical studies examining the level of household awareness of renewable
energy in EU countries, so this gap is also considered a further area of empirical research. Seven European nations
were selected for the study: the Czech Republic, Slovenia, France, Portugal, Spain, Austria, and Germany. The
survey was conducted from April 2021 to June 2022 with over 17030 respondents. Additionally, it was given a
statistical analysis by using the C-Pearson coefficient. Results of our study showed that households’ awareness is
low and they also expect that they will not pay more for tourist services that use renewable energy sources.
Moreover, results showed that when renewable energy sources are used, in households’ opinions, levels of CO2
will decrease and that this will have a favorable effect on the environment, but they still think that this will have

a detrimental influence on their health.
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INTRODUCTION

Energy conservation and the use of renewable energy are
key issues in today's globe [1, 2], affecting both industria-
lized and developing nations [3, 4]. In the modern world,
both developed and developing nations are very con-
cerned about energy conservation and the use of renew-
able energy [5, 6, 7]. In order to change home energy us-
age and make environmentally friendly decisions,
knowledge is a key factor [8, 9]. Energy conservation and
the use of renewable energy are key issues in today's
globe, affecting both industrialized and developing

nations [3, 4]. Numerous economic, social, and environ-
mental concerns are defining the contemporary world,
and for these issues to be resolved, governments, corpo-
rate executives, and individuals must take an active role.
The supposedly sustainable development notion has be-
come popular in the global society. According to its argu-
ment, social security, long-term economic development,
and the mitigation of adverse environmental effects are
all interrelated [10]. The sector of home energy consump-
tion is evolving as new technologies and policies for
switching to renewable energy are developed [11, 12, 13].
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The energy industry is undergoing a renewal that might
change how we generate and use energy because of
global warming and technology advancements. In order
to influence family energy usage and environmentally
friendly decisions, knowledge is crucial [14, 15, 16]. The
social well-being in terms of health status is enhanced by
both accessibility and cost of energy use. Although subjec-
tive considerations may have a significant impact, aware-
ness alone may not always result in reduced energy use
[17].
The use of renewable energy (RE) has a number of ad-
vantages, one of which is a decrease in the need for ex-
pensive and detrimental to economic development im-
ported fossil fuels because RE is becoming more afforda-
ble globally and offers a genuine substitute for conven-
tional energy sources [18, 19].
The quality of life [20] of inhabitants is seen to be im-
proved by RE initiatives in a number of ways. First, RE
sources are probably going to lower emissions of green-
house gases (GHG) and air pollution [21, 22], which will
enhance people's health. Second, the penetration of RE
boosts domestic economic activity by directly creating
new employment for the local people [23, 24]. There are
many studies connected to renewable energy, but these
only concern the acceptance of RE by households [22, 25,
26, 27, 28, 29, 30, 31] for their assessment by households
or in sustainable development aspect [25, 32, 33]. This re-
search covers a knowledge gap on household awareness,
expectations related to RE, and improvements in quality
of life brought on by utilizing renewable energy to lower
greenhouse gas emissions and air pollution. That is nov-
elty in the manuscript. Along with their findings and the
observations that followed, the authors offered research
questions, which were subsequently reflected in a list of
objectives:
1. What is household awareness in relation to renewable
energy in EU countries?
2. What are household expectations of RE in EU coun-
tries?
3. What is the importance of RE in improving the quality
of household life?
The remainder of the text is organized as follows: The lit-
erature review is presented in the second section. Re-
search design is covered in the third section. Qualitative
methodology and results are presented in the fourth sec-
tion. Statistical confirmation is presented in five sections.
The conclusion is discussed in section six.

LITERATURE REVIEW

The term "renewable energy" (RE) describes clean energy
that is drawn from renewable natural resources and pro-
motes better public health. Renewable energies are har-
nessed from natural resources, including wind, water, and
solar sources, that cause limited environmental pollution
[34, 35]. By replacing fossil fuels, RE lessens countries' de-
pendence on exporting nations by reducing their demand
for energy imports [36]. RE is made using locally available,
environmentally acceptable natural materials that are
constantly renewed. This makes RE available, accessible

and acceptable globally. Although there are many tech-
niques to absorb and create renewable energies from so-
lar and wind energy, they are not a new technology [37,
38, 39]. As a result, the usage of clean energy has risen
globally and on a big scale. This is due to the employment
of cutting-edge technology to capture renewable energies
[19, 40].

Humans have depended on various RE sources for a long
time [41]. The most popular kind of renewable energy
that is derived from sunshine, for instance, is solar energy.
Solar energy is emitted by the sun and reaches the earth's
surface where it may be captured by solar technology to
create electricity. Electricity is produced by solar energy,
which is concentrated using solar panels. The additional
renewable energy source produced by wind power is wind
energy. Wind turbines, which utilise the wind's energy to
move the blades and produce electricity, are a key com-
ponent of wind energy technologies [19, 42]. Due to the
cheap costs associated with producing electricity with
wind energy, its usage is steadily growing around the
globe. The natural heat from the earth's surface is used to
generate geothermal energy, another kind of renewable
energy. To produce power, geothermal energy is often
transformed. In many regions of the world, geothermal
energy isn't used much. Biomass energy is another kind of
renewable energy that is used to produce power by using
solid fuel made from plant resources. The use of water
reservoirs to operate turbines that produce electricity is
known as hydropower, and it is one of the most widely
utilized renewable energy sources [26, 43, 44, 45].

Some renewable energy sources are a little pricey, such as
photovoltaics, whose cost of energy production is greater
than that of other renewable energy sources and non-re-
newable sources (hydropower and coal). Dust and pollu-
tants cause PV panels to lose efficiency. Regular PV panel
cleaning, however, comes at a significant expense [33,
46]. Due to RE ability to lower greenhouse gas emissions,
renewable energy sources are also essential for halting
global warming [19, 47].

There are several obstacles to the global use of RE, which
makes it harder to develop sustainable energy. For in-
stance, the ongoing subsidies for fossil fuels are a barrier
to the move toward the usage of renewable energy. The
fossil fuel industry still faces competition from renewable
energy sources because it is able to persuade govern-
ments in developed nations to provide massive subsidies
to the sector, slowing down the growth in the usage of
clean energy. A lack of suitable creative technology to ex-
ploit natural energies is another reason why many devel-
oping nations find it difficult to switch to renewable en-
ergy sources [20, 48]. Even though developing nations
have abundant natural resources, the shift to the use of
clean energy in these countries is still constrained by a
shortage of renewable energy technology.

The European Union (EU) has made significant invest-
ments in renewable energy (RE), since its member nations
are more vulnerable to hazards in global energy markets
than other nations or regions. The authors claim that in
recent years, the EU nations have greatly boosted their
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use of renewable energy sources for energy production.
Germany, the Netherlands, Hungary, Belgium, and the
United Kingdom all reported significant increases in the
amount of electricity coming from renewable sources.
The lowest increases, in turn, were discovered in Slovenia,
Latvia, and Sweden.

The variations rely on the energy policy of various nations
as well as social awareness of the environment and pres-
sure from citizens on the government to take action on
climate change. Economic considerations are also crucial
[49]. The significant disparity between oil and natural gas
production and consumption forces the EU to import 54%
of its total energy [50]. The IEA predicts that solar energy
would develop its capacity at the fastest rate in the next
years, followed by wind, hydropower, and biofuels. China,
the European Union (EU), and India are predicted to see
the biggest increase in terms of nations/regions [51]. In-
vestment in renewable energy has also begun to rise in
Russia and the Arab nations, which runs counter to exist-
ing energy production and consumption trends. Depend-
ing on each country's economic position, energy mix, re-
source availability, and methods and efficiency of energy
consumption, significant variances may be seen across
the European Union's member states. Germany and Den-
mark are largely the flagship nations for these procedures.
Along with the economic and political advantages, signifi-
cant reductions in energy imports may be accomplished
in addition to reaching the EU's climate protection and
emission reduction objectives via energy savings and in-
creasing use of renewable energy sources [52, 53]. 13.975
GtOE (585 EJ) [54] was the total amount of energy used
by our globe in 2019, which is a 60% increase from 1990.

Personal Information

The household sector contributes significantly to this,
making up 27% of the EU's overall energy consumption, of
which 36% is natural gas, 24% is electricity, 18% is renew-
able energy, and 11% is oil [8, 9]. 64% of home use was for
heating, with over 25% coming from renewable sources.
13.975 GtOE (585 EJ) [54] was the total amount of energy
used by our globe in 2019, which is a 60% increase from
1990. The household sector contributes significantly to
this, making up 27% of the EU's overall energy consump-
tion, of which 36% is natural gas, 24% is electricity, 18% is
renewable energy, and 11% is oil [55], while 64% of home
energy usage was for heating, with over 25% coming from
renewable sources.

About 10 million more direct employment in the EU are
anticipated to be created by the widespread use of renew-
able energy by 2050 [56, 57, 58] in transportation, heat-
ing, and cooling. More than one-fourth of the world's use
of renewable energy is now accounted for by the EU na-
tions, whose consumption has increased by more than
10% yearly on average in recent years [59]. Based on the
aforementioned information, it can be stated that the
widespread adoption of renewable energy sources has
substantial potential for lowering family energy costs, us-
ing sustainable amounts of energy, and maintaining in-
come. Additionally, a crucial factor in lowering green-
house gas (GHG) emissions would be to engage the home
sector as effectively as feasible and to promote renewable
energy sources [60]. In the next step, based on previously
defined criteria, 417 indexed articles were included.
Based on the keywords indicated as leading in the indexed
publications, a map of relationships was prepared, which
is shown in Figure 1.
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An analysis of publications concerning consumer aware-
ness of the use of renewable energy was made. The Sco-
pus database has over 400 publications on this subject.
During the analysis, there are several very similar key-
words, however, what is interesting for our research is the
analysis of the countries from which the research and
publications come from. As shown in Figure 1, (page 4)
only a few countries are interested in this analysis. In Eu-
rope, the UK is the leader, and research in Germany and
Poland is also noticeable. Therefore, conducting research
in the territory of the EU is justified, and indeed highly rec-
ommended.

METHODOLOGY

The research used the CAWI questionnaire [56, 57]. The
aim of this study is to analyze households' renewable en-
ergy awareness as well as find out about their expecta-
tions. More precisely, their expectations regarding the
quality of life being improved as a result of RE driving
down the emissions of greenhouse gases and air pollution
are enhanced. With this aim, we developed our method-
ology; we tried to develop correlations between the dif-
ferent questions of the survey. The minimum sample size
was determined and the method of communication with
respondents was also determined. Due to the timing of
the pandemic and the size of the sample, the question-
naire was made available online. The survey was con-
ducted from April 2021 to June 2022. There were 17030
respondents, of which 34% were women and 66% were

men. The research was dominated by respondents aged
31-40 years (38%), inhabitants of cities with higher edu-
cation. Seven European nations were selected for the
study: the Czech Republic — 26%, Slovenia — 12%, France —
14%, Portugal — 11%, Spain — 13%, Austria — 10%, and Ger-
many — 14%. After the research, the results were analyzed
and conclusions were formulated. The research question-
naire contained 34 targeted questions, solving the re-
search problem (appendix). The methodology is com-
posed of three parts. Firstly, we divided the questions of
the survey into main branches, and then, when applicable,
we divided these branches into further classes. This
should help in categorizing different questions under the
same class if they are related to each other, and then fa-
cilitate analyzing the answers of households to these
qguestions and finding the correlations between them. The
third part is to make statistical confirmation. Figure 2
shows the structure of these classes.

Secondly, we tried to find the potential correlations be-
tween questions. These potential correlations could be
classified as cause and effect or contradiction (Table 1).
The cause-and-effect category includes the following
groups of questions (Question 6, Question 8, and Ques-
tion 11) and (Question 22, Question 25, and Question 29),
while the contradiction category includes (Question 12
and Question 13), (Question 16, Question 19, and Ques-
tion 20). An interesting group of questions is (Question 4,
Question 5, and Question 7), which fall into both catego-
ries.
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Fig. 2 A map of relationships of publications concerning consumer awareness of the use of renewable energy
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Table 1
Frequencies Of Answers Per Category
Category Question I Answer I Freuency I % I
Positive 971l 5.70%
6 Negative 12480
i 3579 21.02%
Positive 1678 0
8 Negative 9573
i 5779 [N 33.93%
Positive 73 X
11 Negative 14201
Indifferent 2756 I 16.18%
Favorable 1640 [ 9.63%
Unfavorable 1230 7.22%
22
Will not 2324 10 13.65%
I don't know 11836
Definitely yes (] 0.00%|
2 Definitely not (] 0.00%)
no 9787
Idon't know 7243 A3 53%)
Yes 1656 11 9.72%
29 No 4236 I 24.87%

I don't know
Positive

12 Negative
Indifferent

Positive

13 Negative
Indifferent
Definitely yes

Probably yes
16 Definitely not
T Probably not 189 | 1.11%
1 don't know 1503 [ 9.35%
Yes 1684 0 9.89%
o Mo 1672 9.82%)
Idon't know 6943 [INNE077%)|
It doesn't matter to me 6731 _
Positive - it means that the region is developing 29 0.17%|
Positive - environmental protection is very important to me 154 \ 0.90%
20 Iwould not attach importance to it 1603 [l 9.41%
I would give up my stay due to the nuisance of the windmill 3571 - 20.97%

| would give up my stay, | want to enjoy the beautiful landscape
Positive

4 Negative
Positive

5 Negative
Indifferent
Positive

7 Negative

Question 6, Question 8 and Question 11

This group of questions has gained value because a large
proportion of households have expressed the importance
of landscape and tourism as deciding factors when a
household wants to choose their place of residence,
which will undoubtedly affect their life quality. The con-
ducted research showed that as many as 73.28% of re-
spondents believe that the construction of a wind farm
will have a negative impact on the landscape; 56.21% of
respondents believe that the construction of a wind farm
will have a negative impact on tourism and recreation;
and as many as half of the respondents (83,39%) believe
that building a wind farm will have a negative impact on
the quality of life.

Question 22, Question 25, and Question 29

This group of questions should give insights regarding the
level of knowledge households have about the impacts of
applying sources of renewable energy (i.e. solar energy) in
a residence accommodation context. The research results
showed that as many as 69.5% of the respondents do not
know whether heating water with solar energy will affect
the quality of accommodation services. 57.47% of re-
spondents have never encountered a tourist facility that
uses energy from renewable sources. 65.4% of the people
who answered have never used biofuels in their daily
lives. This knowledge is expected if households are al-
ready aware of any nearby facilities that have been adapt-
ing such strategies, and this is actually what we will be try-
ing to measure.

Question 12 and Question 13

Creating new jobs in a certain country is highly correlated
to its economic development. One would expect that new
jobs would mean a higher distribution of credit among the
population, leading to increased purchasing power and,
therefore, a higher level of wealth for capital owners, who
will have the opportunity to widen the scope of their in-
vestments, which should naturally lead to economic de-
velopment. The analysis of the answers to the questions
showed that the respondents believe that the wind farm
has no impact on new jobs (74.95%) and has no impact on
the economic development of the country (54.18%). By
looking at this set of questions, we try to find out how
aware households are of these changes.

Question 16, Question 19 and Question 20

As has been observed from the literature review, renew-
able energy generation is one of the very effective tools
that governments over the globe right now utilize to pro-
tect the environment. However, governments by them-
selves can’t succeed in this mission if individuals don’t fol-
low this path. By exploring the answers of individuals to
these three questions, we are trying to understand how
important the environment is to people and if they are
ready to translate this interest into actions. Research has
shown that environmental aspects are important to re-
spondents, but it turns out that they do not have enough
knowledge to say whether tourism facilities should invest
in renewable energy (40.77%). Respondents also said they
would like to spend their vacation away from the wind
turbines (68.54%).

Question 4, Question 5 and Question 7

CO2 emissions, the environment, and health form an equi-
lateral triangle. The absence of any of each would cause a
glitch in the others. Hence, we try to observe if house-
holds agree with the theory that renewable energy (and
particularly windmills) could decrease emissions and, as a
result, improve the environment and health.

It turns out that 70.86% of respondents believe that the
construction of the wind farm has a positive impact on
CO2 emissions on the environment (49.518%), while
83.36% believe that the wind farm has a negative impact
on health.

QUALITATIVE, NUMERICAL ANALYSIS AND RESULTS

For each group of the questions indicated previously in the
methodology, we plot the number of respondents per option
per question. Chart types are either bars, lines, areas, pie or
an integration of more than one type. These differences are
natural as each group could have a different number of ques-
tions, different options, and most importantly, different
scope.

Question 6, Question 8 and Question 11

Even if people are expecting a good future for wind en-
ergy, they don't prefer to have it within 1 km of their res-
idence, but they would prefer to have other energy
sources that have less impact on the Ilandscape
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surrounding them. Indeed, people have expressed that
the two most important factors they care about in their
residence are the landscape and tourism. This could ex-
plain why a high percentage of the surveyed people think
that wind energy could have a negative impact on the
quality of life because it would spoil what they consider
factors of attraction in their residence place (Fig. 3).

25000 15000
20000
15000 10000
10000
5000
5000
0 0
Positive Negative Indfiiferent
M Question_6 M Question_8 Question_11

Fig. 3 Windfarms construction effects over landscape, tourism,
and life quality

Question 22, Question 25 and Question 29

A wide sector of the surveyed people are not really aware
if any renewable energy sources are already implemented
by tourist facilities they have passed by or been to, they
are also not aware of the added value solar energy can
bring if used to heat water in accommodation, which
raises questions about how people get informed about re-
newable energy sources and their implementations. The
majority indicated that the internet is their main way to
get information with regards, besides that, many also be-
lieve that their state is playing an effective role in inform-
ing people about the increasing importance of adapting
renewable energy resources.

Question 12 and Question 3

A contradiction is presented by the view of wind energy
as a positive driver for the economy, however, it is
thought by a huge number of people that it would lead to
a decline in the number of available job opportunities

(Fig. 4).
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5000 f Question_13
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Fig. 4 Wind farms impact on Jobs and economy development

Question 16, Question 19 and Question 20

Interestingly, while 88% of the surveyed people declare
that environmental aspects are important to them (36%
claim probably yes, and 52% claim definitely yes) and that
they can observe the pollution caused by human activities
around them, a significant percentage of the surveyed
people express behaviors that may not be aligned with

the environmental protection values they hold (Fig. 5). In
other words, this group of people believes that touristic
facilities shouldn't invest in renewable energy.

1.11% 9-35%

1.67% _ 7N

Questionlé

\_51.62%

m Definitely Yes
= Difinitely not
= | don't know

u Probably Yes
Probably not

Fig. 5 Environment Importance to Households

Furthermore, they clearly explain that they may be keen
to change their vacation spot if they realize that it uses
renewable energy sources (Fig. 6, 7). Actually, more than
73% of respondents confirmed that they are not willing to
pay more for a service that makes use of renewable en-
ergy sources.

. 9.89%
Question_19
39.52%
40.77%
mYes ®mNo =®ldon'tknow = Itdoesn't matterto me

Fig. 6 Tourism Facilities Investments in Renewable Energy

Question_20
= Positive - it means
0.17% that the region is
- 0.9% .

- developing
Positive -
environmental

20.97%

protection is very
important to me
68.54%

I would not attach
importance to it

Fig. 7 Wind Farms Effect on Touristic Facilities

Question 4, Question 5 and Question 7

A notable contradiction is presented in this area. While
people believe that the level of Co, will go down and a
positive impact will result on the environment when
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renewable energy sources are utilized, they still believe
that their health will be negatively affected (Fig. 8).
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I Question_4 W Question_5 Question_7
Fig. 8 CO;, Environment and Health Correlations

STATISTICAL CONFIRMATION

Conducting research and analyzing the obtained content, it
can be stated that it is necessary to analyze the factors be-
tween which the relations take place in the research. The
analysis was prepared using the y? test, on its basis the
C-Pearson coefficient was calculated, which determines the
strength of the relationship between the qualitative factors
(Table 2).

Table 2
The results of the C-Pearson coefficient
" c 8
AL
Relationship between variables £ é g §
&% oo
o2
°
I am for the development of renewable
energy/ 0.64 |Strong
| have a renewable energy source at home
I have a renewable energy source at home/ Very
environmental aspects are important to me 0.82 strong

| have a renewable energy source/
| would like a renewable energy source 0.68 |Strong
to be created within 1 km from my house

Environmental aspects are important/I would

. . 0.61 |Stron
be willing to pay more for a product using RE &
You learn about RE/environmental aspects 0.84 Very
are important to you ) strong

The relations constitute the basis for inference for the con-
ducted research. The analysis showed that there are strong
and very strong relations, which proves the correctness of
the research assumptions and the necessity to conduct con-
clusions in this regard. The Table 2 shows five relationships
that show the relationship between consumer awareness
and the use of renewable energy.

DISCUSSION AND CONCLUSION

Since the home sector contributes significantly to the
economy's total energy consumption, it should take a
leading role in efforts to enhance environmental quality.
Renewable energy must be included in the long-term

planning of the energy industry in order to ensure a
shared future. Public awareness, failed policies, and mar-
ket categorization all have an impact on how renewable
energy is implemented in a nation. A nation's economic
and social development are significantly and absolutely de-
pendent on energy. One way to mitigate climate change is
via the use of renewable energy. Governments all over the
globe are relying less and less on the last remaining fossil fuel
sources of energy and are focusing on the deployment of
low-carbon energy sources, notably renewable energy
sources, to minimize carbon emissions into the environment.
Concerns about energy security and the diminishing and ris-
ing cost of fossil fuel supply are the two key drivers behind
the widespread shift to the usage of renewable energy [61,
62]. Growing use of renewable energy results in considerable
drops in carbon emissions and a smaller ecological impact
overall. Therefore, encouraging the use of renewable energy
is necessary for the mitigation of climate change. The func-
tion of educational institutions is important in spreading
knowledge about renewable energy, notwithstanding its dif-
ficulties. It is recommended that students study about re-
newable energy in elementary school in order to provide
them a foundational knowledge, awareness, and under-
standing of the subject before moving on to higher education
institutions like technical colleges and universities [63].

Research has shown that respondents have basic knowledge
of renewable energy but their awareness is low. It turns out
that environmental aspects are important to respondents,
but most of them do not want to pay more for services that
use renewable energy and thus contribute to a better envi-
ronment. The research also showed that only 16% of re-
spondents have a renewable energy source in their house-
hold. This is probably related to the high installation costs
[64]. Respondents expect service facilities to invest in renew-
able energy but do not want such activities to be reflected in
rising prices for services. Research has also shown that re-
spondents see the need for the country they live in to in-
crease their educational activities related to renewable en-
ergy. Respondents also believe that the production of biofu-
els and the reduction of greenhouse gas emissions are nec-
essary. Moreover, the respondents are involved in activities
for the protection of air and water. Wind energy is expected
to grow, but with fewer opportunities than atomic energy.
Even if people see the improvement of wind energy as a way
to protect the environment from COz emissions, they still be-
lieve that it is a double-edged weapon as it would negatively
affect other aspects of life, such as tourism, and it would ruin
the environment. Although many people believe that the en-
vironmental aspect is important to them, they still wouldn't
be keen on seeing such solutions adopted near their resi-
dence or by touristic facilities they are visiting, especially if
they are seen to negatively impact the landscape and tour-
ism. Enriching the internet content with information about
renewable energy sources may be potentially helpful to con-
vince more people to adopt renewable energy sources or ac-
cept their adaption by other service providers. The main aim
of the paper is to provide a qualitative analysis of households'
renewable energy awareness as well as find out about their
expectations. Household energy awareness is low, but most
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of the respondents indicated their willingness to use alterna-
tive renewable energy sources. Based on the information
given, it can be assumed that more research is needed to find
out what households know about RE and what they expect
from it. The authors decided that the next step would be to
compare countries to determine global trends connected
with RE as well as the evaluation level of university education
towards RE.
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