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Abstract: The purpose of conducted research was to recognize factors determining households’
Energy transition and barriers that slow that process. Energy transition itself, understood as a shift in
the structure of fuels used in energy production and technological changes related to its use, are key
elements of shaping the economy. It was determined to what extent existing household renewable
energy installations meet the energy needs of their residents and what factors encourage their
installation. In addition, barriers limiting energy transition as perceived by household members were
identified. The research used data from the EUROSTAT and the results of surveys conducted using the
CAWI (Computer-Assisted Web Interview) and PAPI (Paper and Pencil Interview) techniques among
households in Poland. The methods of descriptive statistics, the chi-square test of independence, the
Kruskal-Wallis ANOVA test, the Mann-Whitney U test and logistic regression were used to analyze
the research results. The analyses show that fossil fuels dominate in energy production in Poland.
The share of renewable energy sources in the gross final energy consumption in 2020 was 16.1%. Their
structure is dominated by photovoltaic installations with a share of 52%. Further increase in energy
prices and fears of interruptions in energy supplies will favor the further increase in the number of
installations for renewable energy sources. According to the respondents, the energy efficiency has a
significant impact on the quality of life and environment, but the main barriers to its development
include financial constraints of households.

Keywords: residential buildings; energy consumption; renewable energy sources; energy prices;
support programs

1. Introduction

The energy transition process is defined as a gradual transition from the traditional
energy supply path to a new system, based on structural changes in the primary energy
produced, observed at the global, national and household levels (Smil 2010). Blazquez
et al. define this issue as the transition from an economic system dependent on specific
energy sources and technologies to another economic system [1]. Following Fouquets’
definition [2] energy transition involves changing the fuels and technologies used in the
way society uses energy to less carbon-intensive alternatives. In the opinion of Miller (2013),
the scientific world currently equates the energy transition not only with a change in the fuel
used, but with a change in entire socio-economic and political arrangements. According
to O’Connor [3], the energy transition affects such elements of the energy economy as
sourcing, carriers, processing and also services related to its operation and distribution.
Each of these elements is related to the development of technological aspects of the energy
industry [4]. The energy transition results for several reasons. Firstly, estimated fossil fuel
reserves are already reaching critical values and their extraction is becoming less and less
profitable (Popkiewicz 2016). Secondly, the increasing importance of renewable energy
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sources is causing the dynamic development of technologies. Thirdly, there is a significantly
increasing awareness of the potential of natural energy sources in society.

The European Union’s (EU) climate and energy policy has a significant impact on
shaping Poland’s energy transition. A key element was the signing of an agreement at
the 21st United Nations Climate Change Conference to limit the average increase in the
Earth’s temperature. Nearly 190 countries, including member states of the European Union,
have joined the Paris Agreement. In December 2018, during the UN Climate Summit
in Katowice, Poland, the so-called Katowice Package was adopted. It provides detailed
rules and guidelines, and sets out procedures to implement the provisions adopted in the
Paris Agreement. It emphasized that the transition resulting from the Paris Agreement
must proceed in a fair and solidarity-based manner. In 2019, the European Commission
published a statement on the European Green Deal, a strategy with the ambitious goal of
achieving climate neutrality for the EU by 2050. Due to the EU’s adopted decarbonization
targets, in December 2020 the European Council approved a binding EU target to reduce
net greenhouse gas emissions by at least 55% by 2030 compared to 1990 levels. The
implementation of this goal is to be carried out on the basis of member states’ contributions,
considering their circumstances, the principle of sovereignty in shaping the national energy
mix and the need to guarantee energy security in each country.

Considering the EU’s energy transition requirements are a significant challenge for
Poland, on 2 February 2021 the Council of Ministers adopted a resolution on a strategy for
the transformation of Poland’s energy sector by 2040. It is based on three pillars: a just tran-
sition, building a parallel zero-carbon energy system and good air quality. Implementing
these three guidelines will require the Polish government to invest a large amount in RES
and nuclear power plants. Simultaneously, according to the adopted strategy, it is expected
that already by 2028 up to 80% of households will have modern remote reading meters,
the position of prosumers will be strengthened and energy aggregation services will be
developed and popularized.

According to Poland’s Energy Policy until 2040 (PEP 2040), the energy transition will
require the involvement of many actors, including households. Household energy services
account for a large percentage of global final energy consumption and carbon reduction po-
tential [5]. Across the EU, households account for 27.8% of energy consumption. In Poland,
in 2021, the share of households in the national energy consumption was 29.6%. In the
structure of energy consumption in households in the country, solid fuels, mainly hard coal,
are the most important [6]. It is expected that the phasing out of solid fuels will contribute
to the transition to low-carbon energy, while bringing health and environmental benefits.

The research problem addressed is particularly important in the period of the COVID-19
pandemic, in the era of the war in Ukraine, the freezing of gas supplies from the Russian
Federation and the instability of energy markets. In this situation, the basic tenets of the
energy transition to a zero-carbon economy are being redefined. The uncertainty of the
environment makes it necessary to identify the factors, concerns and barriers to the energy
transition so that a state response to them becomes possible.

The purpose of conducted research was to recognize factors determining households’
energy transition and barriers that slow that process. The literature review conducted
indicates a research gap in the identification of energy transition factors and barriers to
implementing a zero-carbon economy in households. The study therefore attempts to
answer the following questions:

1.  What is the extent to which renewable energy installations meet household energy needs?

2. What factors encourage the installation of renewable energy sources in households?

3.  What barriers are limiting household energy transition?

4.  Based on the literature review and research conducted to date, three research hypothe-
ses were formulated:

H1. The presence of RES installations in households differentiates the place of residence and type
of building.
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H2. Having RES installations in households reduces concerns about the energy crisis.

H3. The main barrier to energy transition is household financial limitations.

2. Literature Review
2.1. Household Energy Transition

Consumption of energy resources takes place in many dimensions affecting the quality
of life. The most frequently mentioned categories relate to meeting needs such as:

- heating of residential and utility buildings—e.g., garage, garden house;

- cooking and meal preparation;

- widely considered use of electricity, including portable devices, batteries, chargers, etc.;
- transport;

- entertainment and tourism.

Energy consumption is affected by many factors. Selvakkumaran i Ahlgren point out
six categories of that [7]:

- economic factors;

- environmental factors;

- personal values and preferences;
- social factors;

- household characteristics;

- market and policy factors.

It is crucial to underline that economic factors are present in every area of energy
consumption [8]. The increase in energy costs leads to an increase in the share of expendi-
tures to meet energy needs and, consequently, to a decrease in the amount available for
other expenditures.

Limited natural resources, the need to protect the environment and rising energy
prices force the need for energy transformation. The concept of energy transformation is
inextricably linked to energy security, which is the basis for the functioning of the energy
sector and all other economic branches [9]. The households’ energy transition is a process of
continuous change of a pattern of usage different energy sources by a household in order to:

- possibly maximize the utility coming out of energy consumption, regarding multiple
levels of a household needs;

- meet expected emission and energy efficiency targets imposed by socio-cultural envi-
ronment conditions;

- achieve a desired quality of life level regarding access to the energy-based technology
and daily solutions.

The process of implementing the energy transition is taking place in various areas.
Among the most important issues in this area in the literature are:

- energy poverty of households;

- energy consumption of urban/rural housing buildings;

- fuel choice of households;

- clean energy adoption of households;

- social programs and policies concerning household energy consumption;
- gendering households’ energy.

Within these areas, Guta et al. [10,11] indicate that poverty makes it difficult for
households to switch from solid fuels to cleaner fuels. Moreover, other authors show that
commercial energy use in total household energy consumption in rural areas is increasing
in some countries. Additionally, they show that energy consumption differs by building
type, and the type of energy transition solutions varies based on the different household
structures and where they are locationed [12-15]. The literature also analyses fuel con-
sumption patterns [16,17] and the adaptation of gaseous fuels and electricity to everyday
cooking activities as part of clean energy adoption [18-21]. In terms of implications for gov-
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ernments, it is recommended to promote the use of renewable energy in rural households
by increasing the degree of financial openness, improving credit policy and encouraging
non-agricultural activities [22,23]. The latest studies indicate differences in men’s and
women’s attitudes toward energy. Research shows that men choose clean energy for their
homes more often than women [14,24,25].

The transition to sustainable energy systems is recognized as the cornerstone for cli-
mate mitigation and transforming to a net zero emissions global economy [26]. The rapidly
changing environment and energy demand in terms of technology and policy impose the
need for households to adapt to new conditions. They seek to increase their satisfaction
coming from consumption, but also to decrease its cost. At the same time turbulent condi-
tions and the current geopolitical situation including the Ukraine—Russia conflict have
a strong influence on availability of energy sources, hence the drastic changes in prices.
That also touches households as they try to meet their energy comfort (mostly for heating,
electricity and transportation possibilities). Increasing energy prices have a direct impact
on their budgets. In this situation, households are making investments in new technologies.
Palm [8] identifies the following motives for investing in photovoltaic installations:

- testing new technology, technical interests;
- increase convenience;

- earning money;

- cost efficiency;

- protecting against future high cost;

- environmental benefit;

- security of supply;

- symbolic reasons;

- self-sufficiency;

- social networks, peer effects.

Households during the energy transition also face a number of barriers that more or
less slow down or even stop the process. From a macro perspective, such barriers can pose
a major challenge to the economy in its pursuit of the goals set by EU policy. The barriers
presented in the literature to carrying out the energy transition can be divided into the
following groups:

- financial barriers;

- political barriers;

- lack of household interest in energy transition;

- lack of public awareness of the benefits of renewable energy sources, awareness;
- lack of certainty regarding the effectiveness of available solutions;

- resistance to change, habituation.

Financial barriers mainly concern the costs related to RES installations and long
periods of return on investment. The literature emphasizes the role of financial instruments
and savings in implementing investments in RES [15,27-30]. This is due to the lack of
appropriate legal regulations motivating such undertakings [31-33] and low subsidies for
installation activities. A significant barrier is a lack or low level of public awareness of
pro-environmental measures included in the energy policies of modern economies that
meet the assumptions of sustainable development [34-37]. This barrier is associated with
the lack of certainty as to the positive outcome of activities related to energy transformation
and resistance to change [38,39]. Therefore, shaping the country’s energy policy must be
done while reducing these barriers, taking into account the most pressing problems raised
by households and with their consultation and approval.

2.2. Energy Sources and Prices in Poland Compared to the EU

The structure of energy sources in the European Union has developed in a similar way
with slight fluctuations in recent years. The main energy sources include natural gas, with a
share of 32% of energy consumed, and electricity with a share of 25% of the EU energy mix.
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In addition, there is a noticeable trend of a gradual reduction in the share of diesel fuel at
the expense of increasing the level of biofuels in the structure of final energy consumption.
This phenomenon is also present in the Polish energy market.

The energy needs of Polish households are mainly met by burning coal and lignite,
which are the main resources used in the production of electricity and heating in residential
buildings. The more drastic changes in the energy source mix include the turn of 2017
and 2018. There was then a 16-percentage point reduction in the share of fossil fuel
consumption. This was due to a five-fold increase in the price of CO, emission rights (from
EUR 6 to more than EUR 25 per ton). This contributed to the unprofitability of seven mines
responsible for about 15% of domestic coal production. Changes in the structure of final
energy consumption by source of energy in 20092020 are presented in Figures 1 and 2.

4.3% 4.1% 4.2% 4.7% 4.7% 4.9% 5.2% 5.6% 5.8% 6.0%

112% 10.7%  10.6% 104% 10.3%  9.4% 9.3% 8.5% 8.9% 9.5%

2009

2010

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B Natural gas ™ Electricity ® Solid biofuels = Gas oil and diesel oil ™ Heat ™ Solid fossil fuels ~ Others*

Figure 1. The structure of final energy consumption in households by type of fuel in the EU. Source:
own elaboration based on EUROSTAT [40]. * Others—including: liquefied petroleum gases, ambient
heat (heat pumps), other kerosene, solar thermal.

Despite a noticeable decline in the share of fossil fuels in recent years, they account for
nearly 25% of all energy sources. The average value of thermal energy consumption for
the entire European Union is more than twice as low as in Poland. The country’s biofuel
use, on the other hand, is as high as 23%, more than 6 percentage points higher than the
EU average. They play a significant role in the structure of consumer spending earmarked
for electricity, with further price increases expected in the near future. This will mean an
increase in the share of electricity spending in household budgets. Currently, the monthly
average renumeration presented by labor cost levels anually is approximately EUR 11,500
for Poland and EUR 29,100 for the EU [41]. In relation to this renumeration, Figure 3
presents the change in electricity for the average household size.

Electricity prices for household consumers are defined as follows: average national
price in Euro per kWh including taxes and levies applicable for the first semester of
each year for medium size household consumers (Consumption Band Dc with annual
consumption between 2500 and 5000 kWh). Electricity and natural gas prices in Poland are
lower than the average EU prices. This is due to the difference in factor costs, including
labor costs, which are lower in Poland than in Western Europe.
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Figure 2. The structure of final energy consumption in households by type of fuel in Poland. Source:

own elaboration based on EUROSTAT [40]. * Others—including: liquefied petroleum gases, ambient
heat (heat pumps), other kerosene, solar thermal.
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Figure 3. Electricity prices for medium size households comparison of Poland and EU average.
Source: own elaboration based on EUROSTAT [42].

Electricity prices in the EU are steadily increasing, but the year-on-year rate of change
is decreasing. In 2022 the average price of electricity in the EU was 22 EUR/kWh. In Poland,
between 2010 and 2020, the average level of electricity prices was about 0.14 EUR/kWh. In
2022, however, there was a significant increase in energy prices to 0.15 EUR/kWh. However,
this is still lower than the EU average by 0.07 EUR/kWh.

The increase in electricity prices has been led by energy policies that take into account
the recommendations of the Paris Agreement and the need to reduce atmospheric emissions.
The consequences of these policies will be felt in 2023 and beyond. In the near term, the
geopolitics of natural gas supplies to the Eurozone will also negatively affect prices. In
view of the war in Ukraine, Poland and other European countries will continue to face a
significant increase in the price of energy resources.

2.3. Financial Support for the Country’s Energy Transition

Even the cost of coal-fired energy will gradually increase as a result of additional CO,
fees. Therefore, households, especially in Poland, are forced to look for alternative sources
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of energy generation. One of the solutions supported by the state is the use of RES. The
development of this sector is one of the main goals of Poland’s Energy Policy until 2040
(PEP2040) [43], which assumes that the level of use of renewable energy sources in 2030 in
gross final energy consumption will reach at least 23%. In addition to state support, there is
a noticeable increase in the level of environmental awareness among the public. According
to the survey “Poles on energy conservation and energy” conducted by CBOS [44] in 2016,
at least one-fifth of Poles are willing to install devices that enable the use of renewable
energy sources. The growing need to change the sources of energy generation in society
and the desire to achieve the goals of Poland’s Energy Policy until 2040 have contributed to
measures to support households. Currently, they have the opportunity to benefit from at
least 10 different forms of subsidies (depending on the function and type of investment).
Available energy transition support programs for residential consumers are presented in
Table 1.

Table 1. Support programs for households in the energy transition process.

Program Name

Amount of Support Scope of Investment

purchase and installation of PV systems with a capacity

My Electricity [45] subsidy up to 50% of the cost, not more than PLN 3000 of 210 KW
subsidy of up to 50% of the cost per device; . .
Clean Air [46] up to a maximum of PLN 37,000—the amount depends replacement of ol'd and inefficient solid fuel heat sources
on income with modern heat sources
My Heat [47] subsidies up to 30% of the cost, not more than PLN 21,000 purchase and installation of a heat pump

My electric car [48]

without a large family card it is up to PLN 18,750

individuals: subsidies for the purchase or leasing

with a large family card it is up to PLN 27,000 of electric cars and vans

Stop Smog [49]

replacement or elimination of high-carbon heat sources
with low-carbon ones,
thermal modernization of single-family houses,
connection to a district heating or gas network

up to 70% of the cost, the average cost per
building/location may not exceed PLN 53,000

Thermal modernization
relief [50]

the maximum deduction for all completed projects

the relief covers expenses related to the purchase of
construction materials, equipment and services related to the

cannot exceed PLN 53,000 implementation of thermal modernization of the building

Thermal modernization
bonus [51]

an additional 50% of the costs associated with the

only for investors using loans:
16% of costs associated with thermal upgrading,

21% of the costs associated with thermomodernization

costs associated with the thermal

with the installation of RES micro-installation, modernization of the building

reinforcement of a large-plate building
during thermomodernization

My Water [52]

up to 80% of the eligible costs of installations included

purchase, supply, installation, construction and
commissioning of installations related to:
rainwater harvesting,
rainwater retention,
utilization of retained rainwater

up to PLN 5000 per project,

in the project

ECO—CLIMATE—Water,
air, land [53]

activities related to:
energy transition
improvement of air quality
improving water and sewage management,
transition to a closed-loop economy,
nature conservation measures, adaptation to
climate change

preferential loan

Voivodship, commune or
city funding

dependent on the particular program dependent on the particular program

Source: own elaboration.

The household support programs presented are designed to activate the public in
making technological improvements to residential buildings. Acquisition of funds by
beneficiaries in the form of non-refundable (grants) or refundable (loans) support will make
it possible to make changes in the economy. The following amounts of financial support
have been allocated for the most important programs:



Energies 2023, 16, 466

8 of 23

- Priority program of National Fund for Environmental Protection and Water Manage-
ment “Czyste Powietrze” (Clean Air)—PLN 103 billion;

- Priority program of National Fund for Environmental Protection and Water Manage-
ment “Moj Prad” (My Electricity)— PLN 1.1 billion;

- Program “Stop Smog”—PLN 1.2 billion.

The high level of state funding in the form of funds allocated to the programs in
question indicates the strategic steps being taken to combat energy poverty. The selected
programs are intended to help implement key measures to reduce the negative environ-
mental impact of fossil fuel extraction without reducing the amount of energy produced.

3. Materials and Methods
3.1. Methods

The purpose of the study was to identify the determinants of household energy
transition and the barriers to its development, as well as concerns about the energy crisis.
The research tool was a survey questionnaire, and the research was conducted using CAWI
(Computer-Assisted Web Interview) and PAPI (Paper and Pencil Interview) techniques.
The survey was anonymous and partial in nature. The survey sample was selected using
the snowball method in order to reach as many households as possible. The research in
question was preceded by a pilot study on a group of dozens of household members. The
survey questionnaire was then sent to dozens of household members with a request to
recruit more people for the survey, at the same time the survey link was posted on various
online forums. A total of 387 people participated in the survey. Assuming a confidance
level of 95%, a margin of error of 5%, a fraction of 50% and a household population size
that in 2020 was 15,015,333 [54], the minimum survey sample should be 385 units. This
requirement was therefore met in our study.

The survey form consisted of three parts. The first part collected sociodemographic
information. The second part concerned the determination of a household’s current situ-
ation with regard to ownership of RES installations and related issues, such as the share
of energy obtained from RES and the intention to invest in such installations. In the third
section, respondents were asked for their opinions on concerns about the energy crisis. In
this section, respondents evaluated a number of theses. A five-point, bipolar Likert scale
was used for evaluation, which included a neutral mean value [55,56]. In the scale used, a
value of 1 meant an opinion of definitely no, and 5 meant an opinion of definitely yes. In
the next section of the questionnaire, respondents rated the energy transition theses and
ranked the barriers to the transition on a scale of 1 to 6, with 1 being the least important
barriers and 6 being the most important.

The results were analyzed using STATISTICA. Depending on the nature of the vari-
ables, the following methods were used to analyze the results:

- Percentage distribution (in the form of tables or figures) of nominal or ordinal charac-
teristics, also of summary descriptive statistics for numerical characteristics;

- Chi-square independence test [57] (Xz) (to assess the correlation of qualitative traits).
Among the many statistical approaches used for observational studies, the Chi-square
(x2) test is widely used by researchers studying survey response data. It helps in
analyzing differences in categorical variables (nominal in nature). The Chi-square
test of independence was used to verify the relationship between place of residence,
household disposable income per person, residental building, age, sex and NUTS 1
macroregion. It was also used for (1) the household equipment with renewable energy
installations, (2) the intention to invest in renewable energy installations and (3) the
concerns resulting from power outages;

- The Mann-Whitney U test [58] (to determine the correlations between qualitative and
quantitative traits when there were two categories of a qualitative variable). This test
was used to verify the relationship between type of housing and the assessment of
(1) concerns about the energy crisis, (2) opinions about the energy transition and (3)
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barriers of energy transition, as well as between owning RES installations and the
assessment of concerns about the energy crisis;

- The Kruskal-Wallis ANOVA test was used to determine the correlations between
qualitative and quantitative traits when there were more than two categories of a
qualitative variable [59-61]. The Kurskal-Wallis test was used to verify the relationship
between place of residence, disposable income per person and NUTS 1 macroregion,
and the assessment of (1) concerns about the energy crisis, (2) opinions about the
energy transition and (3) barriers of energy transition;

- Logistic regression (for qualitative dichotomous variables) [62] enables investigating
the influence exerted by many independent variables on the dichotomous depen-
dent variable. The values of the dependent variable are coded as follows: 1—the
distinguished value possessing the feature, 0—not possessing the feature. The logistic
regression model for the dichotomous variable specifies the conditional probability
of taking by this variable the distinguished value. The logistic regression was used
to determine what factors determine investment in RES. Statistically significant inde-
pendent factors (living in a single-family building and the belief that RES installations
protect against the effects of the energy crisis) that influence the intention to invest in
renewable energy installations were verified.

For the research hypotheses, the probability of intention to invest in renewable energy
sources was calculated depending on the type of residential building (single-family) and
the belief that RES installations protect households from increased energy expenses [62].
It was also verified whether respondents’ opinions on concerns about the energy crisis
and evaluation of energy transition statements are related to a household’s ownership of a
renewable energy facility.

The results of all statistical tests were reported in terms of test probability p-values,
which allows a direct assessment of the significance of test correlations, without having to
use arrays. The paper assumed the usual error rate of the first kind & = 0.05 [57], and thus
correlations, for which p < 0.05 were considered statistically significant.

3.2. Materials

The study was conducted in August-September 2022. The spatial scope of the survey
included all households in Poland by NUTS 1 regions [63]. The characteristics of the
research sample are presented in detail in the Table 2.

Among the respondents, 32.8% were respondents living in rural areas, while the rest
of the respondents declared living in a city of varying population. Among urban residents,
residents of cities with a population of up to 50,000 were the largest group. In terms of age,
four categories of generations described in the literature were considered [64]. Generation
Y accounted for the largest share of the age structure (73.1%), while Generation Z accounted
for the smallest (just 2.1%). In terms of average monthly disposable income [65], the largest
share was accounted for by members of households with disposable income of more than
PLN 3000 per person (42.6% of respondents). Respondents living in single-family houses,
row houses or semi-detached houses [66,67] accounted for 56.6% of respondents, while
43.4% of respondents lived in multi-family buildings. Analyzing the respondents’ region
of residence, the largest share came from the eastern region 29.2% and southwest 25.6%,
while the smallest share came from the central region 4.4%.
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Table 2. Sample characteristics.

Variable N %
Place of residence
village 127 32.8
city with up to 50,000 residents 80 20.7
city with over 50,000 up to 100,000 residents 46 11.9
city with over 100,000 up to 500 thousand residents 65 16.8
city with over 500,000 residents 69 17.8
Age
2001-Present (Generation Z) 8 21
1982-2000 (Generation Y) 283 73.1
1961-1981 (Generation X) 82 21.2
1943-1960 (Baby boomers (BB)) 14 3.6
Sex
Female 207 53.5
Male 180 46.5
Disposable income per person
<1000 PLN 14 3.6
1000.01-1500 PLN 36 9.3
1500.01-2000 PLN 46 119
2000.01-2500 PLN 54 14.0
2500.01-3000 PLN 72 18.6
>3000.01 PLN 165 42.6
Residential building
single-family building 219 56.6
multi-family building 168 43.4
NUTS 1 macroregion
Eastern 113 29.2
Southwestern 99 25.6
Southern 58 15.0
Mazowieckie district 39 10.1
Northwestern 25 6.5
Northern 36 9.3
Central 17 44

Source: own study.

4. Results

4.1. Identifying the Status of Household Renewable Energy Installations and Modeling the
Intention to Implement Such Installations Using Logistic Regression

4.1.1. Current Status
The survey showed that 26.9% of respondents have renewable energy installations in

their households. The study therefore examined what criteria determine ownership of this
type of installation (Table 3).

Table 3. Household equipment with renewable energy installations for statistically significant criteria.
Results of chi-square independence test.

Equipment with Renewable Energy Installations

Yes No
N % N %
Place of residence (p = 0.0000)
village 61 48.0% 66 52.0%
city with up to 50 thousand residents 18 22.5% 62 77.5%
city over 50 thousand to 100 thousand residents 7 15.2% 39 84.78%
city over 100 thousand to 500 thousand residents 14 21.5% 51 78.5%
city over 500 thousand inhabitants 4 5.8% 65 94.2%
Household disposable income (p = 0.0383)
<1000 PLN 8 57.1% 6 42.9%
1000.01-1500 PLN 11 30.6% 25 69.4%
1500.01-2000 PLN 14 30.4% 32 69.6%
2000.01-2500 PLN 9 16.7% 45 83.3%
2500.01-3000 PLN 23 31.9% 49 68.1%

>3000.01 PLN 39 23.6% 126 76.4%
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Table 3. Cont.

Equipment with Renewable Energy Installations

Yes No
N % N %
Residential building (p = 0.0000)
single-family building 95 43.3% 124 56.6%
multi-family building 9 5.4% 159 94.6%
NUTS 1 macroregion (p = 0.0013)
East 47 41.6% 66 58.4%
South West 18 18.2% 81 81.8%
South 16 27.6% 42 72.4%
Mazowieckie province 5 12.8% 34 87.2%
Northwest 4 16.0% 21 84.0%
North 9 25.0% 27 75.0%
Central 5 29.4% 12 70.6%

Source: own study. N = 104.

Based on the results of the survey using the chi-square test of independence, it was
found that a household’s ownership of a renewable energy installation depends on where
it is located (p = 0.0000). Clearly, such installations are most common in the households of
rural residents (48% of respondents). Disposable income per family member also differenti-
ates ownership of RES installations (p = 0.0383). Such installations are most common in
households with the lowest incomes, (57.1% of respondents). At the same time, almost one-
third of respondents with incomes in the PLN 1000.01-2000.00 and PLN 2500.01-3000.00
ranges also say they use such installations. This may indicate an attempt by these house-
holds to protect themselves firstly from rising energy prices and to move towards energy
independence. It also depends on the type of building to have RES installations (p = 0.0000).
Respondents living in single-family houses (detached, terraced or semi-detached) are far
more likely, (44% of respondents) to declare having RES installations. In this way, the first
hypothesis (H1) was positively verified. This is due to the greater opportunity to invest in
such a solution in single-family homes compared to multi-family buildings. In addition,
the region also differentiates household equipment with RES installations (p = 0.0013). The
largest percentage of respondents from the eastern region indicated that they had RES
installations (41.6% of respondents). This may be due to degrees of sunshine. The eastern
and southern region of Poland have the highest degrees of insolation, which may influence
the owning of RES installations [15]. The structure of renewable installations used in
households is presented in the Figure 4.

biomass boilers
recuperator

solar collectors

heat pump

photovoltaic panels 77.9%

0% 10%  20% 30% 40% 50% 60% 70%  80%
Figure 4. Structure of renewable energy installations used in households. Source: own study N = 104.

Among those surveyed using renewable energy installations, nearly 78% of respon-
dents indicated that they had photovoltaic panels. More than a quarter of respondents
had solar panels (26.0%) or a heat pump (28.8%). By far the least popular are recuperators
(8.7%) and biomass boilers (1.0%).

Considering that members of households often have more than one RES installation,
the share of energy obtained from renewable sources in the total amount of energy con-
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sumed in households with RES installations was recognized. The data are presented in
Table 4.

Table 4. Share of energy from renewable energy sources in total household energy consumption. N = 104.

Share of Energy Obtained from RES N * Y%
<20% 22 21.2
(20-40%] 25 24.0
(40-60%] 26 25.0
(60-80%] 13 12.5
>80% 18 17.3
Total 104 100.0

Source: own study. *N = 104, number of respondents with RES installations.

As Table 4. shows, a quarter of the respondents obtain 40-60% of their energy from
renewable sources. A similar percentage of households (24%) obtain 20-40% of their energy
from RES. On the other hand, 21.2% of respondents said they obtain less than 20% of their
energy from these sources. The average share of energy obtained from renewable energy
sources in the surveyed households is therefore 46.2%.

The intention to invest in renewable energy installations was declared by 44.4% of
respondents. It varies by place of residence (p = 0.0002) and residential building (p = 0.0000),
as confirmed by the chi-square independence test.

The most frequent intention to invest in RES is indicated by members of rural households
(62% of respondents living in rural areas) and residents of cities with up to 50,000 residents
(40%). In addition, residents of single-family homes, are far more likely to declare such actions
(58.9% of respondents).

The results of the chi-square independence test also confirmed that the need to install
RES is mainly due to the fear of power disruptions (p = 0.0005). Among respondents living
in multi-family buildings, almost 62% of respondents indicated this concern, while in single-
family buildings, more than 78% of respondents. At the same time, 60% of respondents
believe that RES installations protect households from the effects of the energy crisis.

4.1.2. Modeling the Intention of Households to Invest in Renewable Energy Installations

The logistic regression model shows (Table 5) that investment in RES installations is
significantly influenced by living in a single-family building (including terraced or semi-
detached houses) (odds ratio 4.20) and the belief that such installations protect against the
effects of the energy crisis (1.71). Of course, the impact of these factors can be cumulative,
meaning that residents of single-family homes with the belief that RES installations will
protect against rising energy expenses are 7.2 times more likely (4.20 x 1.71) to make the
decision to invest in RES. The factors included in the model allow a good selection of which
households will consider investing in RES. The share of correct classifications accounted
for 65.6%.

Table 5. Factors influencing the intention to invest in renewable energy sources.

Independent Factors

Intention to Invest in Renewable
Energy Installations (Correct Classifications: 65.63%)

OR (95% Confidence Interval) P
Residential building (single-family) 4.20 (2.7-6.5) 0.00000
The belief that RES installations protect 171 (1.1-2.7) 0.01708

against the effects of the energy crisis

p—test probability value—an assessment of the statistical significance of a factor. OR—odds ratio (along with
95% confidence interval) expresses how many times a given event will take place, if there occurs a change of
independent variable (at established values of independent variables). Source: own study.
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4.2. Household Members” Concerns over Energy Crisis

Respondents rated concerns about the energy crisis according to a 5-point Likert scale,
where 1 meant definitely not worried and 5 meant definitely worried. The highest average
was obtained by a further increase in energy prices (average of 4.21), which means that
this particular concern is the most important in the opinion of respondents. The other
uncertainties about the Energy Crisis in the assessment of household members reached an
average rating of 3.51 to 3.58 (Table 6).

Table 6. Assessment of concerns about the energy crisis—response structure and basic statistical parameters.

Valuation of the Statement (N = 387)

s
s
>3 = o g
ol ks Z§ B <
Concerns about the Energy E < EE S gt:= %s B
Crisis 3 ¥ 52 T & = x s
82 = Lo L £
= )
A
(1) (2 (3) @ (5)
further increase in energy prices 2.8% 7.0% 4.7% 4.21 1.01
energy supply interruptions 4.7% 19.1% 11.6% 3.56 1.14
problems with purchasing raw o o o
materials for household heating 67% 18:3% 14.5% 351 122
inability to meet the energy o o o
needs of the household 2.3% 20.4% 14.7% 3.58 1.10
X—arithmetic mean, s—standard deviation. Source: own study. The more intense colour indicates a higher
percentage of indications.

The study, using the Kruskal-Wallis ANOVA test and the Mann-Whitney U test, found
statistically significant correlations between some concerns about the energy crisis and the
respondents’ place of residence and type of housing (Figure 5a—c).
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city with over 100,000 up to 500 thousand residents ——

city with over 50,000 up to 100,000 residents ——

p =0.0000
® Mean [l Mean + Std. Error I Mean + 1.96*Std. Error
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city with up to 50,000 residents —
village — 883
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Figure 5. Average ratings of concerns related to the energy crisis: (a) the problem of purchasing
raw materials for heating due to the apartment building; (b) the problem of not being able to meet
household energy needs due to the apartment building; (c) the problem of purchasing raw materials
for heating due to the place of residence. Source: own elaboration.

The survey shows that members of households living in single-family buildings
(Figure 5a) are significantly more concerned about problems related to the purchase of
raw materials for heating (mean score of 3.74) compared to respondents living in multi-
family buildings (mean score of 3.22). Similarly, concerns about not being able to meet
energy needs were rated higher by respondents living in single-family buildings (average
3.76 vs. 3.36) (Figure 5b). Assessment of the problem of purchasing raw materials for
heating decreased as the number of residents in cities increased (Figure 5c). The highest
rating for this variable was given by rural residents (average 3.82). The opinions of these
people are the least varied. In cities with up to 50,000 residents, opinions on the problem of
purchasing raw materials for heating were characterized by greater variation. The greatest
disparity in this aspect was among those in cities with a population of up to 50 to 1000
(average 3.43).

Based on the Mann—Whitney U test, it was also found that owning a renewable energy
facility has a significant impact on assessing concerns about the energy crisis (p = 0.0001).
Respondents with renewable energy installations are less concerned about further price
increases (average 3.85), but their responses are more varied. Those without such instal-
lations rate concerns about rising energy prices significantly higher (average 4.35). Their
opinions are more homogeneous (Figure 6).

= Mean [l] Mean + Std. Error I Mean + 1.96*Std.
Error

44 @

4.2

4.0

3.8

Assessing further increases in
energy prices

3.6

yes no

Having renewable energy installations

Figure 6. Having renewable energy installations vs. assessing further increases in energy prices.
Source: own study:.
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4.3. Energy Transition: Identification of Opinions and Barriers
As part of the survey, respondents were asked to rate statements about the energy
transition (Table 7).

Table 7. The structure of responses regarding the energy transition and the mean score and standard deviation.

Evaluation of the Statement (N = 387)

2 g .
i o £ 5
2 @ o, o <
S F @ 5 3
oys B> Y, —
Energy Transition Statements = é Z < 2 " s
=1 () - ©
- 2
n T —
@ (2) 3) @) (5)
has a negative financial impact on households 4.9% 19.1% 17.1% 3.35 1.12

will cause further increases in energy prices over the next 5 years  4.4% | 23.8% 24.8%  30.5% 16.5%  3.31 113

will affect the stabilization of energy prices over the next 5 years ~ 4.7% | 25.8%

248%  52% 3.00 0.95

leads to quantitative shortages of energy resources 11.9% | 81.8% 271% 20.7%  8.5% 2.82 1.15
leads to shortages in the continuity of energy supply 9.3% 245% 25.6% @ 7.0% 2.87 111
is technically difficult to implement 2.6%  14.5% | 27.9% 3.49 0.99
has a positive impact on the level of quality of life 44%  114% @ 22.5% 3.58 1.03
has a positive impact on the environment 7.0% 72%  18.3% 3.74 1.15

X—arithmetic mean, s—standard deviation. Source: own study. N = 387.

The majority of respondents believe that the energy transition has a positive impact
on the environment (average 3.74) and on the quality of life of society (average 3.58). The
results of the survey therefore indicate that respondents, despite some negative effects of
the energy transition, attach more importance to its beneficial aspects. Such an approach
may to some extent mitigate negative public attitudes toward the changes taking place in
the broader energy field. Respondents were least negative about the impact of the energy
transition process on the shortage of energy resources (average 2.82) and interruptions in
the continuity of the supply of raw materials (average 2.87).

In order to verify the formulated hypotheses, it was checked whether socio-economic
factors such as place of residence, income earned, type of housing and NUTS1 region
influence respondents’ assessment of the energy transition (Table 8).

Table 8. Energy transition opinions and selected characteristics from the metric (Kruskal-Wallis
ANOVA and Mann-Whitney U test results).

] Disposable Residential
Household Energy Transformation Opinions e Inpcome Building NUTS 1
(p)
currently has a negative financial impact on households 0.3229 0.0102 0.2917 0.0336
will cause further increases in energy prices over the next 5 years 0.1127 0.1972 0.9190 0.0093
will affect the stabilization of energy prices over the next 5 years 0.2033 0.7188 0.1323 0.1214
leads to quantitative shortages of energy resources 0.1586 0.4803 0.8709 0.4093
leads to shortages in the continuity of energy supply 0.2473 0.2456 0.3936 0.0086
is technically difficult to implement 0.5025 0.0973 0.0325 0.1104
has a positive impact on the quality of life of society 0.0199 0.9553 0.7536 0.1111
has a positive impact on the environment 0.3066 0.7851 0.3162 0.2213

Source: own study.

The study, based on the Kruskal-Wallis ANOVA test, found that the assessment of the
positive impact of the energy transition on society’s quality of life is correlated with the place
of residence (p = 0.0199). Respondents from cities with a population of 100,000-500,000
rated this thesis the highest (average 3.85). Similarly high indications in this regard were
provided by respondents from cities with more than 500,000 residents (average 3.65) and
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rural areas (average 3.61). Based on this, it can be concluded that respondents living in
rural areas, i.e., having more contact with nature and the environment, and those living in
very large cities, where the negative effects of environmental pollution are very evident,
value the positive impact of the energy transition on quality of life the most. The lowest
average rating in this regard occurred in the group of residents of cities with a population
of 50,000 to 100,000 (average 3.26).

The results of the statistical tests (ANOVA Kruskal-Wallis test) also confirmed the re-
lationship between the respondent’s disposable income and the assessment of the negative
consequences of the energy transition (p = 0.0102). The poorest people, whose disposable
income is up to PLN 1000 per month, gave the least negative assessment of this variable
(average 3.07). In contrast, respondents with a household disposable income of PLN
1500.01-2000.00 per person rated the negative consequences of the energy transition the
highest (average 3.83). This indicates that not necessarily the poorest people are against
the transition.

The study, using the Mann-Whitney U test, also showed that people living in single-
family homes are less negative about the technical difficulties of the energy transition
(average 3.39) compared to residents of multi-family homes (average 3.62).

At the same time, regional variation in assessments of the energy transition was con-
firmed in terms of its negative effects on households (p = 0.0336), further increases in energy
prices (p = 0.0093) and lack of continuity in the supply of energy resources (p = 0.0086)
(using the Kruskal-Wallis ANOVA test). Summarizing the identified correlations regarding
regional variations in assessments of the energy transition, it can be said that residents
of the northwestern region are least negative about the process, compared to residents of
the southwestern region, who are most critical of it. The southwestern region of Poland is
characterized by a large coal mining potential, which may be the reason for such a skeptical
approach to the transition, among other things, the result of which is supposed to be a
move away from fossil fuels.

It has been shown that ownership of renewable energy installations has a significant
impact on the assessment of opinions regarding the energy transition (Table 9).

Table 9. Opinions on energy transition according to possession of renewable energy installations.

Has an Installation Using RES

Opinions on Energy Transition (Average Rating)
p Yes No
negative financial impact on households 0.0087 3.08 3.45
increase in energy prices over the next 5 years 0.0262 3.10 3.39
results in a quantitative shortage of energy resources 0.0083 2.58 291
is technically difficult to implement 0.0236 3.29 3.57
positive impact on the level of quality of life 0.0080 3.81 3.49
positive impact on the environment 0.0315 3.97 3.66

Source: own study based on Mann-Whitney U test. N = 387.

An analysis of the average ratings related to the energy transition carried out using
the Mann-Whitney U test (Table 9) allows us to conclude that households with renewable
energy installations view it more positively. The second hypothesis (H2) was therefore
positively verified. As for the negative financial impact, respondents from these households
on average rated it at 3.08, while respondents without such installations rated it at 3.45. A
similar situation applies to the thesis relating to further increases in energy prices. This
variable is also rated lower by respondents with RES installations (mean 3.10 vs. 3.39).
Respondents in this group are less likely to believe that the energy transition is leading to
shortages of energy resources (mean score of 2.58) and are lower in their assessment of the
technical difficulties of its implementation (mean score of 3.29). In contrast, respondents
with renewable energy installations are more positive about the transformation’s positive
impact on society’s quality of life (mean score of 3.81 vs. 3.49) and its positive impact on
the environment (mean score of 3.97 vs. 3.66).



Energies 2023, 16, 466

17 of 23

In conclusion, it can be said that households using energy from renewable sources
are more positive about the effects of the energy transition. Presumably, having these
installations to some extent reduces concerns about the negative effects of change. In
this situation, decision-makers should do more public outreach on the positive aspects
of the energy transition and implement programs to support investment in renewable
energy sources.

The survey questionnaire asked respondents to rate six barriers related to the energy
transition, where 1 meant the least important barrier and 6 meant the most important
barrier (Table 10).

Table 10. Structure of responses regarding barriers to energy transition, as well as the average score
and standard deviation.

Barrier Evaluation * -

Barriers 1 2 3 2 5 3 x s
financial barriers 2.6% 3.6% 41% 6.5% 189% |GG 528 1.24
political barriers 9.0% 10.3% 42.9% 16.5% 4.21 1.53

lack of interest 9.8% 18.9% 9.0% 3.4% 3.20 1.23
lack of awareness 8.8% 21.7% 10.1% 3.4% 3.12 1.21
lack of certainty 13.2% 17.3% 18.9% 13.2% 6.7% 3.08 1.47
resistance to change 14.7% 7.5% 9.6% 5.9% 5.7% 2.11 1.57

Total

100% 100% 100% 100% 100% 100%

* 1—barrier is least important, 6—Dbarrier is most important, x—arithmetic mean, s—standard deviation. Source:
own study.

The data show (Table 10) that the most significant barrier to household energy tran-
sition is financial. Nearly 65% of respondents indicated that this was the most important
barrier (ranking them sixth). The least important obstacle to the transformation process

in the opinion of respondents is the public’s resistance to change, more than half of the
respondents indicated it in the first place. Complementing the data is Figure 7.
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Figure 7. Average ratings of energy transition barriers. Source: own study N = 387.

The survey showed that the most important barriers to the transformation of Polish
farms were financial barriers with an average score of 5.28. In this way, the first hypothesis
(H1) was positively verified, with political barriers being the second most frequently
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indicated (average 4.21). The least significant barrier to transformation was the public’s
resistance to change (average 2.11). Assessment of all barriers shows similar variation.

The analysis showed significant correlations between the assessment of energy transi-
tion barriers for the characteristics of the study sample (Table 11).

Table 11. Evaluation of barriers to energy transition according to variables characterizing the study
sample (Results of Kruskal-Wallis ANOVA and Mann-Whitney U test).

Disposable  Residential

. . Residence A NUTS 1
Barriers to Transition Income Building
(p)

financial barriers 0.1707 0.0063 0.0456 0.2280
political barriers 0.8284 0.5726 0.8765 0.1216
lack of interest 0.0390 0.4022 0.0906 0.8107
lack of awareness 0.4658 0.4810 0.2170 0.5980
lack of certainty 0.3123 0.9008 0.1597 0.1161
resistance to change 0.4731 0.3015 0.9113 0.0121

Source: own study N = 387.

Respondents from households with a per capita monthly disposable income of PLN
2500.01-3000.00 (average 5.54) rated financial barriers the highest, while those with income
above PLN 3000.01 (average 4.98) rated them the lowest (Table 11). Households with an
income of up to PLN 1000 per month have the greatest variation in responses (Figure 8).

® Mean [l Mean + Std. Error I Mean + 1.96*Std. Error
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Assessment of financial barriers

Figure 8. Assessment of financial barriers according to disposable income. Source: own study N = 387.

The respondent’s residential building also significantly differentiates the rating of
financial barriers (p = 0.0456) (Table 12). Financial barriers are rated significantly lower
by respondents from multi-family buildings (mean 5.12). This is probably also due to the
limited opportunities to invest in renewable energy sources, and therefore the lack of need
to finance them.
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Table 12. Average ratings of energy transition barriers according to important characteristics of
surveyed households.

Variable Average Evaluation of Financial Barriers
Disposable income (p = 0.0063)
<1000 PLN
1000.01 PLN do 1500 PLN
1500.01-2000 PLN
2000.01-2500 PLN
2500.01-3000 PLN
>3000.01 PLN 4.98
Residential building (p = 0.0456)
single-family building
multi-family building 5.12
Source: own study based on Kruskal-Wallis ANOVA and Mann-Whitney U test. N = 387.

5. Discussion

The energy transformation of households in Poland and across the EU is a major
challenge. According to the European Commission, buildings remain the largest consumers
of energy in Europe, consuming 40% of total energy and emitting 36% of greenhouse gases,
and most of them are still powered by fossil fuels [68]. Heating, cooling and domestic hot
water together account for 80% of the energy consumed by households. In order to use
energy more efficiently and reduce greenhouse gas emissions, it has introduced a Green
Deal strategy to become climate neutral by 2050.

One of the EU’s stated goals is to provide citizens with clean and safe energy at socially
acceptable prices. It can be achieved by activating citizens throughout the energy transition
process and increasing the share of renewable energy sources as well as improving the
energy efficiency of buildings. Simultaneously, the European Union is trying to ensure
that citizens are protected from energy exclusion. Initiatives to finance the renovation and
thermal modernization of buildings and lower electricity bills serve this purpose [69].

The war in Ukraine has destabilized prices in the energy resources sector such as
natural gas, oil and coal, leading to higher fuel prices and higher energy bills. As a result
of these changes, the energy transition may be stalled. However, the need to become
independent of energy resources from Russia may accelerate the transition to renewable
energy. According to the Blue Media survey “Environmental Attitudes of Poles 2022”
conducted in April 2022 on a representative nationwide sample of 1037 people, as many
as 69% of people agree with the statement that Russia’s attack on Ukraine forces changes
in existing assumptions about Poland’s energy policy, and that moving away from fossil
fuels is not an alternative but a necessity. In turn, 70% of respondents believe that Poland
should strive not only to change the supplier of coal and gas, but also to reduce their use,
and this process should be supported by the state as part of taking care of the country’s
energy security. The majority of respondents (54%) also rated the origin of the fuel they use
to heat their homes as important to them. The majority of respondents (63%) decided to
reduce energy consumption in response to the war of their neighbors [70].

Surveys conducted indicate that Poles expect further increases in energy prices. In
order to minimize the expenditures spent on meeting energy needs, two courses of action
are possible. Firstly, the energy efficiency of building structures can be increased through
the use of better insulation, which reduces energy consumption for both heating and
cooling buildings. Secondly, the use of high-carbon energy sources can be reduced by
replacing coal, gas or oil-fired boilers and stoves with appliances powered by low-carbon
alternative energy sources [71].

Within the framework of the EU-funded ENERGISE project, an experiment was
conducted to reduce energy consumption in more than 300 households in eight countries.
The goal was to lower the indoor temperature to a maximum of 18 °C. Studies have
indicated that lowering the temperature in buildings by 1 °C in winter results in energy
savings of about 6%. In some cases, savings were even greater, and changes in energy
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behavior patterns were maintained for 3 months after the challenge was introduced. The
results of the study also indicate that people are more likely to respond positively to energy
savings if they have control over their thermal comfort, and are less likely to rely on smart
buildings and invisible heating systems for limited interventions [68].

According to Selvakkumaran and Ahlgren, household energy transition depends
on a number of social factors, such as income, gender and age, for example [7]. The
completed research confirms that there are significant correlations between these factors
and the planning and implementation of investments to reduce energy consumption. In
addition, financial barriers remain a major reason for slowing down the transformation
process [72-74].

Based on the analysis carried out, it should be concluded that developing the aware-
ness of residents regarding the rational use of energy, climate change and its consequences,
and what to do to mitigate and counteract them, is one of the most important investments.
After all, education, especially of the younger generation, will be the key to the success of
any future energy transition efforts.

6. Conclusions

The energy transformation of households is necessary and requires a change in the
structure of energy consumption. The decision-making processes of consumers of household
energy resources in the implementation of energy investments directly determine their
transformation. In the surveyed group of households, ownership of RES installations was
declared by 26.9%. Their occurrence is differentiated by place of residence, type of residential
building, level of disposable income and NUTS 1 macro-region. Most often such installations
are owned by those living in rural areas (48.0%) and in single-family buildings (43.3%).

The most popular installations are photovoltaic panels, heat pumps and solar panels.
In the surveyed households with RES installations, the average share of energy obtained
from renewable sources was 46.2%. At the same time, residents of rural areas, small
towns and single-family buildings are more likely to declare their intention to invest in
such installations. Renewable energy now dominates investments in electricity generation
systems installed around the world [75]. Renewable energy and complementary sustainable
technologies are expected to attain very high levels of penetration in energy systems,
particularly in regions well-endowed with solar and wind potential [76,77].

Modeling using logistic regression showed that the intention to invest in RES instal-
lations is influenced by the type of building and the belief that such installations protect
against rising energy prices. People living in single-family buildings and those positive
about renewable energy installations are the target group willing to invest in RES.

The most important concerns related to the current energy crisis are primarily further
increases in energy prices. At the same time, households with RES installations share these
concerns to a lesser extent compared to non-RES users.

In the opinion of respondents, energy transformation has a positive impact on the
environment and air quality. These statements were rated highest by respondents. Re-
spondents also pointed to the negative financial aspects for households associated with the
energy transition. The survey found that having RES installations in households reduces
concerns about the energy transition. Moreover, those with RES installations are far less
negative about its effects (financial, energy price increases, lack of energy resources) and
much more positive about the positive effects of the energy transition (positive impact
on quality of life and the environment). This state of affairs should encourage actions to
support households in investing in RES, as it may increase positive perceptions of the
ongoing energy transition process.

High inflation in Poland and the increase in energy resources prices caused by, among
other things, the war in Ukraine and the lack of supply of resources from the Russian
Federation, may affect the increased interest of households in renewable energy sources.
This indicates directions for further empirical research on the development and impact of
the geopolitical situation on households’ behaviors and attitudes towards RES.
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