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Abstract

The current transformation of global energy systems has been the subject of a multi-faceted
scientific discourse for years. Researchers focus on technical and technological aspects,
seeking new and improved alternatives to current solutions. They also analyse formal and
legal frameworks of the changes and evaluate their economic aspects or environmental
effects. The public’s attitude towards the changes in light of demanding environmental
conditions is investigated the least. In particular, little heed is paid to the opinions of
rural populations, especially in Poland. In light of the above, this paper aims to analyse
the issue of Poland’s energy transition and the public’s perception of the challenges of
environmental protection and the resulting need to improve energy solutions to promote
the dissemination of renewable energy sources. The research area was Poland, and de-
tailed research was conducted in five districts (Malopolska region), where the age of the
respondents was taken as the differentiating feature. The study was based on a literature
review and, at a detailed level, on a diagnostic survey among residents of Wadowicki,
Miechowski, Krakowski, Limanowski, and Tarnowski Districts. The 2024 CAPI (Computer
Assisted Personal Interviewing) survey involved 300 randomly selected interviewees. The
study employed a qualitative and quantitative approach, utilising statistical tools such
as Spearman’s rank correlation coefficient analysis, the Kruskal-Wallis rank test, and the
nonparametric Mann-Whitney U test. The statistical analysis was supported by IBM’s
SPSS v.25. The results show that the majority of the population understand and agree with
the need for an energy transition in Poland towards renewable energy. Indications of no
opinion or in favour of non-renewable energy in the Polish energy system are distinct.
This class of indications is determined by the interviewees’ age and suggests potential for
improving public awareness of the matter in the group of mature respondents.

Keywords: renewable energy; climate change; energy policy; public perception; social
challenges; green education

1. Introduction

The transformation of the energy systems of the world’s economies is oriented towards
increasing the share of green energy sources in the energy mix. Green energy markets are
growing strongly, offering an ever-widening choice of solutions for responsible energy
production. The socio-economic and environmental importance of this issue is crucial to
the expected socially secure development of the world [1]. A secure future growing out
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of this creates a new socially expected value. In line with this, the energy transition is
now regarded as one of the most important global challenges. Emphasis is placed on it by
individual countries, regions and continents, and the real needs in this area are related to
the ongoing climate change [2].

The world’s energy transition is proceeding unevenly. This is based on the avail-
ability of energy resources, the economic policies pursued and the economic condition
of individual countries. Within the economies themselves, there are areas in which the
transformation process is taking place at different speeds. As a rule, highly urbanised,
modern conurbations are subject to strong development, while rural areas are subject to
relatively limited development. Research interest can be observed in similar proportions.
The literature is most concerned with the formal and legal aspects of the changes taking
place, aspects of existing and future technical and technological solutions, and evaluations
of the economics of these solutions and the environmental consequences of their application.
The research literature is least focused on the area of assessing social attitudes towards the
challenges in question, with particularly little research into the attitudes of rural residents
in this regard, particularly in Poland. In response to this research gap, the aim of this paper
is to analyse and evaluate social perception of environmental challenges and the resulting
need to improve energy solutions to enhance renewable energy sources in these areas. Due
to the particular topicality of the challenges in question for the energy system in Poland,
five counties in the Matopolska region were selected as the study area to explore this issue,
with the analytical process referencing the age of the respondents (differential cohort).

The realisation of the above-stated main objective of this study is supported by explain-
ing the mechanics of energy transformation in the world and in Poland. The purpose of the
supplementary objective, which is to present the idea, scope and pace of transformational
changes taking place, is to provide a cognitive reference for the research conducted within
the framework of the main objective.

With this in mind, this study was based on the results of the literature survey con-
ducted to achieve the supplementary objective. The realisation of the primary objective of
the study was based on the findings of the diagnostic survey, aimed at determining rural
residents’ social awareness of sustainable development, as well as assessing the expected
outcomes of the ongoing energy transition process. The object of interest of this paper is
solely to capture the issues of energy transformation in the study area. The adopted scope of
the study is its limitation. The other aspects of the study are the subject of separate papers;
the present paper is part of the authors’ series of publications, arranged thematically.

For the purposes of this study, this paper is structured as follows:

Abstract,

Introduction,

Literature survey,

Presentation of research results,
Dissertation,

AN

Conclusion.

The study was conducted using qualitative and quantitative methods. In-depth re-
search was carried out using statistical instruments. The choice of methods was determined
by the nature and scope of the research, and the necessity to ensure comparability of results
developed at different levels of research (scope of separate works).

2. Literature Review

Energy transition ‘aims to convert the global economy from a high-emission system
into a diversified and sustainable mechanism’ [3] This means a substantial restriction or
abandonment of coal and other fossil fuels in the economies of most countries. This goal
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requires an increased share of renewable energy [3] and improved energy efficiency [3-8].
The objective is critical because greenhouse gas emissions (GHG), which drive the planet’s
violent heating, must be reduced. It is also a requirement for expediting economic growth
and development [9-14]. Today’s global energy sector is dominated by fossil fuels and
accounts for 73% of anthropogenic GHG emissions [9,15-17].

The coming years and decades will be a time of intense energy transition efforts for
entire regions and individual countries alike [18-20]. The activities will be founded on
energy policy, which is part of climate policy, i.e., changes in energy supply and demand,
innovations, technological progress, and securing funding [9,21-24]. Importantly, the
energy transition should be implemented quickly and involve a radical overhaul of the
system. It is particularly relevant for furthering SDG7, which ‘is about ensuring access
to clean and affordable energy, which is key to the development of agriculture, business,
communications, education, healthcare and transportation’ [25] and decarbonisation of the
energy system by 2050 [26,27]. A decline in renewable energy technology costs has opened
up new opportunities in this regard [28-31].

These goals align with the premises pursued by European Union institutions. This
includes Directive (EU) 2018/2001 of the European Parliament and of the Council of
11 December 2018 on the promotion of the use of energy from renewable sources. It has
set EU goals for 2030 and ‘modified the methods for calculating shares of energy from
renewable sources in gross final energy consumption from 2021 on’ [31]. In 2023, the
European Parliament proposed a new 2030 goal for 42.5% of the energy consumed in
member states to be renewable energy [32-36]. Simultaneously, countries are encouraged
by the REPowerEU Initiative to aim for 45% to expedite the transition [37]. The plan
involves furthering the shift to clean energy, including a phase-out of energy imports from
Russia [38,39]. This should lead to an increasing share of renewable energy generation in
strategic sectors, like industry, construction, and transport. The ambitious plan promoted
by European Union institutions intends for Europe to be the first climate-neutral continent
by 2050 [40-42].

The share of renewable energy is growing in EU member states [36,43,44]. It increased
from 23% in 2022 to 24.5% in 2024. Note that it is over twice as much as 9.6% in 2004. Green
energy has grown in transport as well: from 9.6% in 2022 to 10.8% in 2023.

According to Eurostat, more than two-thirds of the total electricity from renewable
sources in the EU in 2023 was wind and hydropower energy (38% and over 28%, respec-
tively). The remaining energy sources were solar (over 20%), solid biofuels (approximately
6%), and other renewables (nearly 7%). Note that solar energy is the fastest-growing re-
newable energy source; in 2008, it accounted for only 1% of renewable energy. Data for
2023 indicate impressive growth in photovoltaic energy, increasing from 7.4 TWh in 2008 to
252.1 TWh in 2023 [45].

The global trend towards renewable energy is accelerating. Micro-installations are a
strongly marked trend in the development of energy systems [46]. Their development is
determined by a number of factors [47,48] and supported by a specific set of expectations
in relation to such an investment [49].

The growing availability of techniques and technologies [50] in the field of renewable
energy sources is leading to an increase in the number of electricity producers. The global
trend of interest in these solutions contributes to the continuous strengthening of the role
of micro-installations in the energy transition of economies. This implies the need for an
in-depth analysis of the current direction of change and an assessment of its suitability for
the current challenges of responsible global development. The available studies generally
address this issue at the general national level, without reference to the level of the region
concerned [51]. This motivates research at the level of the country and region under
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study and constitutes their distinguishing feature. The above is of particular importance
in relation to the level of research in rural areas, where the pace of transformation is
generally slow. The outlined background provides the basis for establishing the following
research hypotheses:

Hypothesis 1. The transformation of the energy system in Poland towards renewable energy
sources is progressing, and micro-installations are an important element of this process.

Hypothesis 2. The development of micro-installations in the transformation of the Polish energy
system requires further promotion and continued financial support in order to maintain the momen-
tum of strengthening renewable energy sources in the country’s energy system, including in rural
areas in Matopolska.

When analysing the issue of energy transition, it is impossible not to draw attention
to the theme emphasised in the literature of inequality in access to solutions in rural and
urban areas and the need to ensure a just transition [52]. In this regard, a number of barriers
faced by rural areas are pointed out [53-56], while on the other hand, the multidimensional
benefits that this process can bring to rural areas are emphasised. However, the individual
attitudes of rural residents towards the energy transition process, particularly in Poland, are
not explored in sufficient depth. The impact of the age of rural residents on their individual
attitudes towards the challenges of transformation is not analysed sufficiently. This is
particularly important in relation to the level of research in rural areas. The background
outlined above provides the basis for establishing further research hypotheses that fall
within the scope of in-depth research:

Hypothesis 3. The awareness of rural residents in the Matopolska region regarding the transforma-
tion of the country’s energy system needs to be strengthened.

Hypothesis 4. The position of rural residents in Matopolska regarding the transformation of the
energy system in Poland towards renewable energy sources is determined by age.

3. Materials and Methods
3.1. Research Concept and Hypotheses

The paper aims to analyse the public perception of environmental protection chal-
lenges and the ensuing need to improve energy systems to promote the expansion of
renewable energy sources. Considering the particular relevance of these challenges to the
Polish energy system, the study area comprises five districts representing rural Matopolskie
Voivodeship. The analytical process considered the age of the interviewees to identify the
results that are determined by this discriminant feature, providing a more accurate insight
into the investigated public opinion.

The paper’s structure is guided by the research objective. The introduction defines the
scope and lays out the structure of the work. The background, based on a literature review
and relevant reports, is provided in the next section. The literature for the review was
compiled mostly using databases of indexed journals, like Scopus, Google Scholar, Web of
Science, etc. The review was based primarily on relevant keywords. The empirical part of
the study in the introductory section was based on a general review of research findings
and reports in order to verify the assumptions contained in the first two hypotheses. At
the detailed study stage (Hypotheses 3 and 4), qualitative and quantitative research was
conducted. The preliminary analysis was based on economic analysis mechanisms, while
the in-depth study methodology, in addition to the rules of economic analytics, took into
account statistical inference, necessary for substantive reasoning. The results of the findings
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were discussed in the context of alternative studies. The research tools used ensured
substantive reasoning in the process of verifying the accepted hypotheses.

3.2. Sample Profile and Methods

The first step of the study, a review of the literature on the topic, provided the necessary
insight into the existing knowledge of the energy transition in Poland towards renewable
energy. A particular focus was necessary on the diagnosis of the advancement of the energy
transition towards renewable energy in Poland and the role of microgeneration in this
process. These aspects determine the deliberation on Hypotheses 1 and 2. The process
of establishing the hypotheses also served to confirm the gap addressed by the paper,
justifying the research effort.

The study scope drove the focus towards the specific inputs from the rural population
of Matopolskie Voivodeship, Poland. In pursuit of the goal, the authors conducted a CAPI
(Computer Assisted Personal Interviewing) survey in 2024 among 300 randomly selected
interviewees residing in rural areas of Matopolskie Voivodeship, Poland, specifically in
Krakowski, Wadowicki, Tarnowski, Limanowski, and Miechowski Districts, all of which
are located within the voivodeship. Each district was represented by 60 people. The results
obtained refer only to the sample of people covered by the study and cannot be applied to
the entire rural population in Poland.

The sampling technique was chain-referral. Survey participation was completely
voluntary and anonymous (informed consent).

The interviewees ranged in age from 15 to 86, and the sample consisted of
58.3% women and 41.7% men (M = 42.30, SD = 17.59). Age was assumed to be the
discriminant feature.

In terms of education, 25% of the sample reported vocational education, 44% secondary
education, and less than 25% higher education, with 63%confirming they were trained pro-
fessionals. The results of the x? test did not reveal significant differences in education among
the districts: x2(12) = 9.79, p = 0.635 or in the acquired profession: x*(4) = 7.03, p = 0.134.

The interviews covered 27 questions: 21 topic questions, of which only five concerned
energy transition in Poland and were analysed in the study, and six questions related to
interviewee profiling. The other questions were linked to different research areas of interest
to the authors [57]. The problem investigated in the paper generally concerns sustainable
development in the context of climate change and corresponds with the framework defined
in the EIB Climate Survey Report [58]. Still, the arrangement and scope of the present study
align with Polish constraints, particularly for rural areas.

The diagnostic survey results were analysed with techniques appropriate for in-depth
analysis and statistical measurements. To this end, the authors employed Spearman’s
rank correlation coefficient analysis for quantitative data and dichotomous (0-1, yes-no)
questions, a ranked-based Kruskal-Wallis test for comparing variable distributions across
groups, and a nonparametric Mann-Whitney U test for verifying sample values across
populations. The analyses were supported by the IBM SPSS v.25 suite. Each district was
analysed independently.

The methods were selected appropriately as the study involves comparing proportions
of survey results among groups.

The methodology employed facilitated the objective. In addition, the methodology
and formula used to present the results have been standardised for the cycle of publications
by authors presenting research results in thematic areas. This is to ensure multi-faceted
comparability of results.

The results obtained refer only to the sample of people covered by the study and
cannot be applied to the entire rural population in Poland.
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The results may help inform the design of Poland’s energy transition policy, par-
ticularly in rural Matopolskie Voivodeship, regarding the growth of microgeneration.
Findings regarding age-determined public awareness of renewable energy are particularly
relevant to the process. They may be used to design renewable energy educational and
promotional programmes dedicated to specific age groups, particularly in rural areas of
Matopolskie Voivodeship.

4. Energy Transition in Poland
4.1. Results of the General Study

Poland’s energy transition is linked to the notification of the National Energy and
Climate Plan 2021-2030 (NECP) to the European Commission on 30 December 2019. It was
an obligation stipulated in Regulation (EU) 2018/1999 of the European Parliament and
of the Council of 11 December 2018 on the Governance of the Energy Union and Climate
Action. The national plan includes premises and goals for five dimensions of the energy
union: energy security, internal energy market, energy efficiency, decarbonisation, and
research, innovation and competitiveness [59,60].

The 2030 climate and energy objectives Poland set in the NECP are:

- 7% reduction in greenhouse gas emissions in sectors not covered by the ETS compared
to the 2005 levels,

- 21-23% share of renewable energy in gross final energy consumption (the 23% target
would be feasible if Poland were granted additional EU funds, with funds for fair
transformation), including 14% share of renewable energy in transport and an average
annual increase of renewable energy in heating and cooling of 1.1 pp,

- a23% increase in energy efficiency compared to PRIMES2007 forecasts,

- 56-60% reduction in electricity from coal [59].

The change over the decade from 2013 to 2023 indicates an increase in renewable
energy’s share of gross final energy consumption in Poland. In 2023, the rate was 16.5%,
which is 5 pp higher than in 2013. Still, it was 0.4 pp less than in 2022 [32].

According to Statistics Poland, the increase between 2022 and 2023 covers the share
of renewable electricity in the gross final electricity consumption of 4.8 pp. The share
of renewable energy in final energy consumption for transport was 6.0% in 2023 and is
expected to reach 14% by 2030. The largest increase in renewable energy in 2023, over 20%,
was identified for heating and cooling [61].

The latest report by the Polish Energy Regulatory Office (ERO) characterises changes in
renewable microgeneration systems. Its authors primarily used annual reports of electricity
distributors, which report the number of renewable microgeneration systems connected to
the grid [62]. A renewable microgeneration system is a power-generating system with a
capacity of up to 50 kW. Over 98% of microgeneration systems belong to prosumers who
generate renewable energy for their internal consumption. A prosumer ‘may be a natural
person, farmer, housing cooperative, or a business owner as long as electricity production is
not their primary activity. Prosumers in Poland generate energy mainly from photovoltaic
systems [63].

According to the ERO report, the number of registered microgeneration systems ex-
ceeded 1.5 million in 2024, whereas in 2019, it was just over 155,000. Nearly the entire
energy fed to the grid from microgeneration systems (99.7%) was generated by photo-
voltaics. Nevertheless, compared to previous years, the increase in the count and capacity
of microgeneration systems is slowing down.

Data for late 2024 indicate that over a million prosumer microgeneration systems
(two-thirds of the total number) were connected to the grids of the two largest operators
in Poland, Tauron Dystrybucja and PGE Dystrybucja. Their networks receive over two-
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thirds of their energy from the smallest renewable energy systems. Additionally, in 2024,
three microgeneration systems were registered by collective prosumers for the first time
in Poland’s history. ‘Their total capacity was 0.113 MW, while the aggregate electricity
introduced to the grid was 87.768 MWh’ [62]. This shows that the transformation of the
Polish energy system is evolving towards renewable energy sources, with microgeneration
systems playing an important role.

The ERO’s report offers another interesting insight related to the dynamics of growth
in the number of microgeneration systems and the energy they contribute to the network.
There was a substantial slowdown in the increase in microgeneration systems and the
amount of energy they fed back to the grid in 2024. According to the data, the number of
microgeneration systems grew by a mere 10% in 2024, while in 2023, it was 41%. As the
authors summarised, ‘Considering the amount of energy fed into the system, the increase
was 110% in 2022, 26% in 2023, and 17% in 2024. The increase in microgeneration system
capacity is also slower: in 2022, the total capacity grew by 52%, in 2023, by 22%, and in
2024, by 12%.” [63].

Renewable energy sources can also be larger than microgeneration systems. In that
case, they are referred to as small-scale systems. A small-scale energy generation system is
defined in the 2021 regulations as a system of a capacity of 50 kW to 1 MW [64]. Recent
years have seen a clear increase in the electricity generated in such systems. To quote the
ERO’s report, ‘Last year, the capacity of small-scale systems grew over 24% compared
to 2023, and their output approached 4.8 TWh’ [65]. The data show that the number of
energy-generating entities grew from 3025 in 2023 to 3761 in 2024, while the number of
systems increased from 5620 to 6977. The total capacity of renewable small-scale systems
surpassed 5 GW at the end of 2024, compared to 4 GW in 2023.

The 2024 mix of small-scale systems in Poland consisted of solar-powered power
stations in over 82%. In 2023, they accounted for 78% of all small-scale systems. The
second most numerous and largest-capacity technology was wind power. It is followed
by hydropower and biogas stations. Their case is slightly different because, although the
number and capacity of hydropower and biogas stations increased, their 2024 output was
below the 2023 levels. Biomass systems account for a minuscule 0.3% of the renewable
small-scale system mix. Interestingly, the first small-scale renewable hydrogen system in
Poland was registered in 2024. However, it was reported not to generate any electricity
that year.

As a final note, ‘In 2024, all renewable energy systems (including hydropower stations)
accounted for 27% of the total energy generation in Poland” [65].

The results of the presented literature review provide grounds for positive verifica-
tion of the first of the adopted hypotheses, which states that the transformation of the
energy system in Poland towards renewable energy sources is progressing, and that micro-
installations are an important element of this process.

4.2. Energy Policy of Matopolskie Voivodeship

The energy transition in Matopolskie Voivodeship is aimed at mitigating climate
change, primarily through efforts to reduce GHG emissions. They bear fruit. Measurements
over the last three decades indicate a clear reduction in GHG emissions of 18% compared
to 1990 and over 9% compared to the 2018 levels (data for 2022). The sectors with the most
significant decline in GHG emissions in the voivodeship are power (over 43%), economy
(nearly 40%), and agriculture (over 32%). However, such sectors as forestry and land use or
transport saw GHG emission increases of +51.75% and over 300%, respectively [66].

Note the significant differences in average GHG emissions per capita among voivode-
ships, countries, and the EU. The averages for 2021 were 6.55 t CO,eq per capita, 10 t
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COs-eq per capita, and 7.5 t CO;-eq per capita (according to Eurostat). The data show that
the average GHG emissions per capita in Matopolskie Voivodeship were over 34% lower
than the aggregate result for Poland and more than 12% below the EU average [66-68].

The current development policy of Malopolskie Voivodeship focuses primarily on
energy policy. It provides for the expansion of renewable energy sources based on local
potential, which is and will be a catalyst for the regional economic development [60,69,70].

The recent 2025 report of the Strategic Programme for Environmental Protection in
Matopolskie Voivodeship for 2022-2023 includes an assessment of the voivodeship’s climate
policy, and thus its energy policy. It was drafted for the Matopolskie Voivodeship Board
and offers the latest data on the region’s energy transition, focusing on new renewable
energy systems. Between 2020 and 2023, 31,613 new renewable energy systems were built
in Malopolskie Voivodeship, specifically 10,191 in 2020, 9480 in 2022, and 11,942 in 2023 [62].
The estimated number of renewable energy systems in the voivodeship in 2022 was 550,000,
providing 10,380 MW of installed capacity. The most common systems were biomass boilers
(47%), photovoltaic systems (40%), solar water heating systems (8.7%), and heat pumps
(4.5%) [66].

The differences among individual types of renewable energy systems were clear-cut
in 2022 and 2023 (Table 1). Many more renewable energy projects were completed in 2022,
especially regarding the installation of photovoltaics (1.7 times more in 2022 than in 2023)
and solar water heating (over five times more in 2022) [69-72].

Table 1. Count of new renewable energy systems in Matopolskie Voivodeship in 2022-2023 by technology.

Type of New Systems Count of New Renewable Energy Systems in Malopolskie Voivodeship
2022 2023
Photovoltaics 12555 7136
Heat pumps 2597 2386
Solar water heating 2012 357
Biomass boilers 2271 2034
Other RES 236 29

Source: original work based on the Strategic Programme for Environmental Protection in Matopolskie Voivodeship
for 2022-2023 Report, Appendix to Resolution No. 66/25 of the Malopolskie Voivodeship Board of 14 January
2025, Marshal Office of Malopolskie Voivodeship, p. 49.

Goal 4.1 of the Strategic Programme for Environmental Protection in Matopolskie
Voivodeship for 2022-2023 was to prevent climate change and protect air quality. The pro-
gramme report for 2025 lists completed achievements. Their aggregate cost amounted to PLN
2,598,658,402.87 (USD 697,220,000) in 2022 and PLN 3,067,493,460.57 (USD 822,395,000) in 2023.

The schemes pursued under the programme included:

- Compliance with the obligations imposed by smog-prevention resolutions and the
Matopolskie Voivodeship Air Protection Programme, mostly through replacement of
solid-fuel boilers;

- Investments in renewable energy, particularly in strategic sectors like energy production,
transport, industry, agriculture, and construction (including residential-related projects);

- Improving the energy effectiveness of existing buildings (including public buildings)
and investments in modern, integrated built structures with renewable energy systems;

- Adaptation of industrial pollution sources to legal requirements, including IED, MCP,
NEC, and international conventions;

- Growth of cogeneration, or combined heat and electricity production;
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- Energy transition in mining and coal power areas, along with energy-intensive indus-
tries: steelmaking, cement, chemical, and papermaking;

- Promotion of environmentally friendly transport: ‘zero-emission public transport’,
electromobility, pedestrian and bicycle mobility, etc.;

- Construction of an integrated and modern zero-emission transport system as the cen-
tral component in building economic, territorial, and social cohesion of the voivode-
ship based on safe and reliable public transport [69].

In the long term, the climate and energy policy of Matopolskie Voivodeship is guided
by the Regional Action Plan for Climate and Energy for Matopolskie Voivodeship. The plan
covers the period from 2021 to 2030. It is aligned with the National Energy and Climate
Plan and the European Green Deal strategy. The strategy’s long-term goal is for EU member
states to achieve climate neutrality by 2050.

The regional action plan has three basic goals:

- ’to reduce greenhouse gas emissions by not less than 40% compared to 1990 levels,
including to 30% compared to 2005 levels for non-ETS sectors (mainly transport,
residential, and agriculture);

- to increase the share of renewable energy to at least 32% of the gross final
energy consumption;

- toimprove energy efficiency to at least 32.5%” [73].

Currently, the energy transition in Matopolskie Voivodeship is focusing on a strategic
call for applications in the western part of the region. This recruitment scheme is part
of European Funds for Malopolskie Voivodeship 20212027 and covers Chrzanowski,
Olkuski, Oswiecimski, and Wadowicki Districts. This region is undergoing an intense
energy transition to abandon traditional energy sources in favour of renewable systems.

European Funds for Matopolskie Voivodeship 2021-2027’s Priority 8 ‘European Funds
for Fair Transformation of Western Matopolskie Voivodeship’ contains Action 8.11 ‘Energy
Transformation’, project type A (Increased Use of Renewable Energy) and project type B
(Development of Energetically Sustainable Areas and Energy Communities). Applications
can be filed from 29 May 2025 and will be evaluated in December 2025. The fund pool is
PLN 50,092,275.16 (USD 13,444,766.65), and the maximum funding threshold is 95% of the
project cost.

Increase in renewable energy sources, the A-type project covers the construction and
redevelopment of renewable energy systems and battery storage with energy manage-
ment systems. The funding is available to local governments, various institutions and
organisations, micro, small, and medium enterprises, churches and religious associations,
non-governmental institution partnerships, social economy enterprises, etc. Moreover,
local governments can pursue funding for umbrella projects, that is, the construction and
redevelopment of renewable energy sources on single-family residential houses. The B-type
project targets energy associations, including energy clusters and energy cooperatives [74].

The energy transition of Malopolskie Voivodeship is underway. Microgeneration
systems play an important role in the process and in the energy transition in Poland in
general. The need to maintain this development, revealed in the presented literature review,
provides grounds for positive verification of the second of the adopted research hypotheses,
which states that the development of micro-installations in the transformation of the Polish
energy system requires further promotion and maintenance of financial support in order
to maintain the momentum of strengthening renewable energy sources in the country’s
energy system, including in the rural areas in Malopolska.

It can therefore be assumed that the effectiveness of the transformation process in the
studied area is largely determined by the social attitude towards the changes taking place
and openness to renewable energy solutions. Hence, the assessment of social openness
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to renewable energy sources was considered an important topic. Particular attention was
paid to the age-determined approach of rural residents in the studied region to aspects of
safe development, taking into account the conditions of energy transition. It is assumed
that the process of energy transition in rural areas in Matopolska requires education and
promotion tailored to the age of the residents, as well as the maintenance and development
of financial support programmes, in order to ensure an adequate level of renewable energy
in the energy system in rural areas in Matopolska. The search for answers in this area
fills the rest of the study and is justified, as relatively little research has been devoted to
this issue.

4.3. Detailed Research Based on the Results of the Diagnostic Survey

It is vital for the pursued research concept to identify the age-determined attitude of
rural populations towards preventing climate change. It serves as the starting point for any
evaluation of the potential challenges linked to the energy transition in Poland, particularly
in rural areas, as exemplified by the investigated districts of Matopolskie Voivodeship. This
way, it is possible to diagnose the awareness among various age groups and define room
for improvement in a way aligned with the age of rural residents.

Interviews with the sample representative of rural areas in Matopolskie Voivode-
ship, Poland (Krakowski, Wadowicki, Tarnowski, Limanowski, and Miechowski District)
in terms of diagnosing climate change prevention attitudes revealed that technological
innovations and radical behavioural changes can significantly curb negative trends. In
quantitative terms, technological innovations are more frequently reported across the
groups, primarily in Tarnowski District (34 people) and the least often in Miechowski Dis-
trict (20 people). In comparison, behavioural changes were the most common in Wadowicki
District (31 indications) and the least popular in Limanowski and Tarnowski Districts
(24 people each). Statistical tests did not uncover any significant age-related associations in
this regard. Therefore, the results can be considered averaged representations of attitudes
in individual districts. Detailed results in this regard are shown in Table 2.

Table 2. Age-determined attitude towards climate change prevention by district.

N M SD

Wadowicki
radical ch;.ange. in pers.onal habits 31 46.26 18.80 HR) =122
technological innovations 27 41.26 16.50 = 0.543
Other 2 34.00 15.56 p=5

Miechowski
radical change in personal habits 25 47.24 16.79 HQ) =135
technological innovations 20 44.45 17.58 = (; 569
Other 14 52.50 19.25 p=5

Krakowski
radical change in personal habits 25 41.56 18.39 HQ) =151
technological innovations 31 40.94 18.41 -0 47"0
Other 3 28.33 12.74 p==
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Table 2. Cont.
N M SD

Limanowski
radical change in personal habits 24 37.50 15.83 H(2) = 0.29
technological innovations 33 39.64 18.55 = 6 864
other 2 37.00 15.56 p=5

Tarnowski
radical change in personal habits 24 45.38 17.34 HQ) = 450
technological innovations 34 39.65 15.70 _ O_ 165
other 2 21.50 495 p=5

The results above demonstrate that climate change prevention requires action under
adopted practices and solutions that reinforce functional security in the countryside, which
may suggest openness to changes in the implementation of green power technologies (mi-
crogeneration). In this regard, it is worth investigating the distribution of age-determined
answers regarding whether climate prevention policies help improve functional standards
in the countryside. The relevant results show that rural standards of living are improved
by efforts to counteract climate change. Still, only Miechowski District exhibited an age-
dependent association in this regard. With increasing age, respondents in this group tended
to disagree more and more with the proposal that climate change policy improves rural
standards of living. However, the association strength is low for the area (p: —0.26). The
distribution of associations for the districts is shown in Figure 1.

AGE VS THE BELIEF REGARDING THE IMPACT OF CLIMATE CHANGE
MITIGATION ON IMPROVING RURAL STANDARDS OF LIVING

0.3

=
o 0.2 A 0.21
2 / \
v
&5 ot 0.06
o T T T
= 0 Wadowicki Miechowski/ Krakowski \Qmanowski /Tarnowski
- ol 0.12 /
-0.2 -0.19
03 026+

Policies to combat climate change will improve residents' standards of living

STUDY AREA

Figure 1. Influence of age on the belief regarding the impact of climate change mitigation on
improving rural standards of living by district. Note: * p < 0.05; ** p < 0.01; *** p < 0.001.

The sentiment towards climate change policy is crucial for analysing attitudes towards
Poland’s renewable energy transition. In this regard, it is valuable to identify the age-
determined attitude towards non-renewable energy sources in the context of their climate
effects. It has been demonstrated that non-renewable energy sources exacerbate climate
change, while green energy sources contribute to climate protection. The discriminating
variable was found to affect the results in the context of the problem at hand. In Krakéw
District, the older the interviewee, the more likely they were to indicate that the use of
renewable energy sources (solar, hydro, wind) mitigates climate change. The association’s
strength was moderately significant. A similar relationship was found in Tarnowski District,
where age was clearly associated with agreeing that energy from fossil fuels (coal, o0il)
intensifies climate change and that green energy sources (solar, hydro, wind) help protect
the climate against adverse changes. Both the associations exhibited moderate strengths.
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Conversely, the older the interviewees in Limanowski District, the less they agreed that
energy from conventional sources (coal, oil) adds to climate change. This association was
weak. This means that a significant part of the mature population of rural areas appreciates
the need to shift the energy system to renewable energy sources. Furthermore, there is
room for improvement in the attitude, as demonstrated in Limanowski District (—p: —0.26).
The distribution of associations for the districts is shown in Figure 2.

AGE VS THE BELIEF REGARDING THE IMPACT OF RENEWABLE AND NON-
RENEWABLE ENERGY SOURCES ON CLIMATE CHANGE

0.4
0.33*
= 0.2 0:23
= 0. 7A<
)
0.05
% 0 %
= wadowicki iechowskKi krakowski wanowski tarnowski
< -0.13
(&)
g -0.2 044 Y021
= 26*
-0.31*
* %
04 -0.37

Is energy production from non-renewable sources (coal, oil) exacerbating climate change?

Does the use of energy obtained from alternative sources (sun, water, wind) protect the climate
from change?

STUDY AREA

Figure 2. Influence of age on the belief regarding the impact of renewable and non-renewable energy
sources on climate change by district. Note: * p < 0.05; ** p < 0.01; *** p < 0.001.

The attitude of rural residents to energy sources by district reflects the overall respon-
dent attitude towards Poland’s energy transition. Therefore, the question arises whether
the attitude towards the development strategy for the Polish energy system (traditional or
renewable energy sources) is determined by the participant’s age. Quantitatively, the orien-
tation towards renewable energy sources was indicated in all the districts. The strongest
support was found in Krakowski District (42 people), while the lowest was in Miechowski
District (27 people). Hence, the results can be considered a diagnosis of the interviewees’
attitude regarding the expected trend in Poland’s energy transition in the coming decades
as favouring renewable energy. Detailed results in this regard are shown in Table 3.

Table 3. Age-determined attitude towards Poland’s energy transition by district.

N M SD
Wadowicki
It should be founded primarily on Poland’s hard coal reserves 15 46.40 20.87
Coal-based duction should be phased out and replaced H(2) =048
oal-based energy production should be phased out and replace 34 276 1772 p = 0.787
with other energy sources
It’s hard to say 11 42.36 13.60
Miechowski
It should be founded primarily on Poland’s hard coal reserves 9 49.22 21.48
Coal-based energy production should be phased out and replaced H(@) =0.28
. 27 47.63 15.35 p =0.868
with other energy sources
It’s hard to say 24 45.63 19.64
Krakowski
It should be founded primarily on Poland’s hard coal reserves 9 32.33 11.46
Coal-based duction should be phased out and replaced H(2) =2.45
oal-based energy production should be phased out and replace I 42,00 19.69 p = 0.288
with other energy sources
It’s hard to say 9 42.00 13.41
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Table 3. Cont.

N M SD
Limanowski
It should be founded primarily on Poland’s hard coal reserves 13 40.38 18.88
. H(2)=0.26
Coal-based energy production should be phased out and replaced
. 32 38.78 16.51 p=0.880
with other energy sources
It’s hard to say 15 38.13 18.18
Tarnowski
It should be founded primarily on Poland’s hard coal reserves 9 50.33 17.22
. H(2)=7.90
Coal-based energy production should be phased out and replaced
. 34 36.09 14.26 p=0.019
with other energy sources
It’s hard to say 16 48.75 16.87

The Tarnowski District sample demonstrated an association between the public’s
attitude toward the investigated problem and age. The older the interviewees, the more
they were convinced of the transition towards renewable energy, particularly in rural
Matopolskie Voivodeship. Answers in favour of coal exhibited a relation of p = 0.029, while
indeterminate opinions (‘It’s hard to say’) reached p = 0.023 (results of detailed research).

An investigation into the specific attitudes of the rural population towards energy
transition in Poland based on different energy sources revealed that renewable energy
sources were the preferred direction. In quantitative terms, residents of Krakowski District
chose renewable energy most often (36 people), while the Wadowicki District population
was the least in favour of RES (24 people). Another popular choice was nuclear energy.
Detailed results in this regard are shown in Table 4.

Table 4. Detailed analysis of rural preferences for focusing Poland’s energy transition on specific
sources by districts.

N M SD

Wadowicki
Renewable energy sources 24 44.67 19.74
Nuclear power 22 40.95 15.81 H@3)=1.16
Natural gas 4 45.50 13.38 p=0.762
Coal 7 50.14 22.26

Miechowski
Renewable energy sources 26 44.77 19.28
Nuclear power 11 48.00 12.97 _
Natural gas 14 46.07 16.52 H(f)o_(%il
Coal 7 62.00 16.15 p==
other 2 26.50 12.02

Krakowski
Renewable energy sources 36 40.97 20.08
Nuclear power 13 42.00 14.96 H@3) =091
Natural gas 6 38.67 14.17 p=0.923
Coal 4 39.50 17.18

Limanowski
Renewable energy sources 33 33.12 14.03
Nuclear power 11 39.36 17.46 H(3) =10.60
Natural gas 9 55.78 15.89 p=0.014
Coal 7 44.29 18.91

Tarnowski
Renewable energy sources 29 36.97 11.88
Nuclear power 15 37.53 18.24 H(3) =12.69
Natural gas 8 51.50 17.06 p =0.005

Coal 7 59.00 15.65
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Interestingly, all the districts offered voices in support of using fossil fuels in Poland’s
energy transition. The declarations reached a relatively similar, if rather low, level, with
natural gas outweighing coal. Age dependency was identified for this domain in two
districts. In Limanowski District, those in favour of natural gas were older than the
individuals advocating for renewable energy (p = 0.002). In Tarnowski District, the people
who preferred coal were older than those who chose renewable energy (p = 0.002) and
nuclear energy (p = 0.005). Similarly, interviewees who picked natural gas were older than
people who leaned towards renewable energy (p = 0.040). This suggests that a substantial
part of rural residents from the western Matopolskie voivodeship favour green energy as
their age decreases. Considering the sample age interval (15-86), the conservative views of
the older participants are relatively predictable. Openness to change in this regard involves
a significant commitment, whether organisational, financial, or otherwise, which may be a
barrier for older people.

The presented results confirm the hypothesis that age influences the attitude of the
interviewed rural population in Matopolskie Voivodeship regarding Poland’s energy transi-
tion towards renewable energy. However, the strength of the association remains moderate
and pertains to isolated cases in the context of the entire study. This reveals room for
improving the awareness of energy transition among the rural population of Matopolskie
Voivodeship, as proposed in the second hypothesis. Note that the challenge involves
mainly seniors.

5. Discussion

Energy transition is one of the most pressing global challenges. Therefore, it is nec-
essary to monitor public awareness of the matter and sentiments [2,75] regarding the
promotion of renewable energy sources [76] in individual countries.

The Energy Regulated Report offers insights into the opinions of energy consumers
regarding the use of electricity in Poland. The survey for the Energy Regulatory Office on a
representative sample of 1001 households was completed in 2023. Its results indicate that
it is not only necessary but also urgent to instigate informational and educational efforts
to improve public awareness of energy matters. Among the most critical conclusions was
that education should be targeted at the youngest age groups, as their knowledge and
awareness were insufficient [77]. The authors of the present study identified a similar
association based on their research. The present results show that a significant portion of
the older population in rural Matopolskie Voivodeship appreciated the need for a transition
towards renewable energy, while younger interviewees exhibited poorer knowledge and
less interest in the issue. This is an important aspect that should be taken into account
when designing information campaigns about the changes being made.

Results of a 2021 survey by the Centre for Public Opinion Research (CPOR) also
confirm that adult Poles are in favour of phasing out coal-based energy systems [78].
Report Energy Transition. Expectations and Demands indicates that most Poles accept
green energy, although they differ in terms of the pace of the transformation. Rural
residents, those with a lower socioeconomic status, and the oldest age groups are much
more interested in a slower deployment of renewable energy sources. Still, the overall
expectations regarding the long term of 2050 are clear. The respondents believe renewable
energy sources should be the primary source of electricity in Poland by then. A survey
on Poles’ position on energy transition that the CPOR repeated in 2023 offered a slightly
different view [79]. At that time, the respondents assessed energy transition needs in
completely different circumstances. The war in Ukraine and its impact on the energy sector
clearly affected their mindset. First, the group in favour of using Poland’s coal reserves for
energy purposes grew (particularly among the oldest respondents and in rural settings).
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Still, there was a significant focus on nuclear energy, with less emphasis on renewable
energy sources. The 2024 CPOR’s report, Public Opinion on Energy Policy was published
during a time of controversy linked to the European Green Deal [80]. The debate directly
affected respondents’ opinions on energy policy. Poles expressed their concerns with the
belief that the optimal energy policy should consider renewable and non-renewable sources
(Poland’s coal reserves). Moreover, although the level of advocacy for nuclear power
stations declined slightly after reaching a historical high in 2022, the technology remains
supported by nearly two-thirds of respondents.

In relation to the CPOR'’s reports quoted above, the present study addressed a relevant
question regarding the attitude of the rural population of Matopolskie Voivodeship towards
Poland’s energy strategy, focusing on the use of conventional or renewable energy sources.
Acceptance of renewable energy was indicated in all the districts. The strongest support
was found in Krakowski District (42 people), while the lowest was in Miechowski District
(27 people). Therefore, similarly to the CPOR’s surveys for the entire Poland, residents
of rural areas in southeastern Poland also approve of Poland’s energy transition towards
renewable energy in the coming decades. This is an important observation in the context
of alternative studies, as the assessment of the perception of energy policy is usually
generalised and not directly related to rural residents [68].

Additionally, according to a 2024 survey report for the Roadmap to Employment after
Carbon programme by UCE RESEARCH and DGA SA, nearly 46% of Poles approved of
the ongoing energy transition in Poland towards greater sustainability. Still, the opinions
vary significantly by age. Positive attitudes were noted among individuals aged 65-74,
while negative attitudes were found in younger generations (35-44). Based on the opinions
and attitudes of Poles towards the country’s energy transition, the authors of the report
forecast increasing satisfaction with Poland’s participation in the process. They also pointed
out an improvement in the environmental awareness of Poles. The latter are primarily
convinced by the fact that an economy founded on renewable energy means stable electricity
prices, which translates into tangible savings for families [81]. Similar results from the
present study, involving the rural population of Matopolskie Voivodeship and their specific
attitudes towards energy transition in Poland founded on different energy sources, revealed
that renewable energy sources were the preferred direction. Residents of Krakowski District
chose renewable energy most often (36 people), while the Wadowicki District population
was the least in favour of it (24 people). These are important findings in the context of
alternative, regionally generalised studies [68].

Another study confirming the strong support for renewable energy in Poland was a
2024 survey on a representative sample of adult Poles conducted by ARC Rynek and Opinia
for the Polish Association of Commercial Cogeneration Plants. A staggering 80% were
in favour of green energy, while 56% supported nuclear energy [82]. The present study
identified moderate support for nuclear energy in rural Matopolskie Voivodeship. The
largest group in favour was in Wadowicki District (22 people), while affirmative attitudes
in the other four districts ranged from 11 to 15 interviewees.

Over half of the respondents in a 2024 survey of 1223 adults by SW Research, which
controlled for age and size of the place of residence, believed that renewable energy
sources could potentially lower electricity bills. About 34% of the respondents considered
renewable energy an opportunity for the country’s economic growth, and for over 23%,
renewable energy systems could stimulate regional industries [83]. This creates a new
dimension of value [84]. In comparison, the present study shows that interviewees from
the rural Matopolskie Voivodeship clearly associate climate action (including the expansion
of renewable energy) with improved standards of living. Interestingly, only Miechowski
District exhibited an age-dependent association in this regard. Respondents in this group,
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as they grew older, were more likely to disagree with the statement that policies to combat
climate change would improve the standard of living of rural residents, which should be a
point of reference for raising public awareness in the area under study.

In his research, E. Kochanek points out that the adopted sustainable energy trans-
formation strategy for Poland is characterised by a relatively slow pace of change, while
maintaining the assumed level of effectiveness [51]. These realities therefore create space for
strengthening public awareness, taking into account the possibility of reaching the widest
possible spectrum of Polish residents with thematic knowledge. The design of solutions in
this area should be specifically tailored to the target audience, with particular emphasis on
rural Poland, as evidenced by this study. These activities should be aimed at overcoming
the potential reluctance to change, as emphasised, among others, by 1. Lipowska et al.,
observed in the results of the presented study. Importantly, this reluctance is determined by
age [85]. Age, as a variable that differentiates the positions presented by the respondents,
provides useful information about the need to adapt the forms of communication to the
recipients of information in order to provide tailored information to specific social groups.

As a final note, the valuable qualities of the countryside in Matopolskie Voivodeship
are relevant here, as agritourism is a significant part of the country’s tourism industry [86].
Customers’ expectations regarding environmental friendliness, including renewable energy,
are clear and may influence tourists’ consumer choices today [87,88]. This is yet another
argument for investing in renewable energy systems.

6. Conclusions

The issue of Poland’s energy transition towards renewable energy will remain a
priority for the country’s development for years, if not decades, to come. The literature
review, including analyses of statistical reports with the latest data on the dynamics of
increases in the capacity and number of renewable energy sources, confirms the direction of
development of the energy system in Poland towards renewable sources. This is evidenced
by two confirmed research assumptions that the transformation of the energy system in
Poland towards RES is progressing and that micro-installations are an important element
of this process, and that the development of micro-installations in the transformation of the
Polish energy system requires further promotion and financial support in order to maintain
the momentum of strengthening RES in the country’s energy system, including in rural
areas in Matopolska.

Microgeneration is an important component of the renewable energy growth process.
Statistics show that there were over 1.5 million microgeneration systems in Poland at the
end of 2024, with 98% of these systems held by prosumers. The change in the number of
new systems in recent years is particularly interesting. Specifically, there was a substantial
slowdown in the increase in microgeneration systems and the amount of energy they fed
back to the grid in 2024. The number of new systems declined by over four times compared
to in 2023. In light of the above, Poland’s energy policy should include promotion and
financial incentives to maintain the dynamics of renewable energy expansion. The above
should be reinforced by a just transition process covering areas that, for various reasons,
are lagging behind in implementing the necessary changes, including agricultural areas.

Decision-makers in Poland must be aware of the public’s position on the ongoing
energy transition. In this regard, both regional and age-specific indications are important.
According to the authors, information on the position of Polish rural residents, which
creates a set of challenges for the energy transition process, is particularly important. This
paper provides knowledge in this area.

Surveys conducted by the authors in rural areas of selected districts of the Matopolska
Province allowed for the verification of the remaining research hypotheses, namely that the
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awareness of rural residents in the Malopolska region in the field of energy transition needs
to be strengthened, and that the respondents’ position in this regard is determined by age.

The study demonstrates that action is needed to improve awareness regarding Poland’s
energy transition among the rural population of Matopolskie Voivodeship. The educational
effort should take into account the various levels of knowledge and the diversity of attitudes
towards energy transition among different age groups. Therefore, it is necessary to adapt
channels and content to the target age. The effective implementation of state energy
policy, including in rural areas, depends on the local population’s knowledge. Considering
the above assumptions, it is crucial to take comprehensive promotional and educational
measures to support Poland’s energy transition towards renewable energy, reaching the
largest possible audience across each age group. A lack of effective action in this area could
significantly slow down the pace and effectiveness of the transformation, which would
ultimately affect the development of the entire country. This leads to the conclusion that
raising public awareness of green technologies may result in increased interest in green
technologies and intensified efforts to support the energy transition.

Promoting green energy is central to the effective energy transition in Poland. Conse-
quently, the results aim to complement the existing literature with recent data. Decision-
makers can utilise them to devise educational policies aimed at promoting renewable
energy awareness and to model support schemes for implementing renewable energy
sources in socioeconomic practice, particularly in rural areas.

The presented research results have the potential for further exploration through
analysis of specific government actions in the field of public education and financing
energy solutions dedicated to prosumers. Of particular interest in this area may be activities
targeting rural areas in Poland, where the potential for such activities has been identified
and confirmed in this paper.
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