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Abstract: The growing energy needs of agriculture, the need to reduce the burning of fossil fuels,
and, on the other hand, the increasing technical efficiency are contributing to the wider use of solar
energy technology in agriculture. The aim of the article is to identify factors determining farmers’
investments in solar photovoltaic and solar thermal installations for electricity and heat production,
to establish the proportion between the consumption of such energy for the needs of the farmer’s
family and for the needs of the farm, and to identify the drivers of solar energy use in agricultural
production. Empirical materials were collected through surveys of farmers conducted at the end of
2020 in south-eastern Poland, in the Podkarpackie region. It is a region characterized by significant
land fragmentation. Producing energy from renewable sources can be an opportunity for farmers not
only to reduce household expenses, but also to increase agricultural income. As a result, it can be a
driver of sustainable agricultural development in the region. The article presents the most important
economic and social determinants that stimulate the adoption of solar photovoltaic and solar thermal
technologies by farmers for the needs of their households as well as for agricultural production.

Keywords: photovoltaic installations; solar installations; renewable energy; farmers’ households;
agricultural holding; agricultural production

1. Introduction

In rural areas, investments in renewable energy sources (RESs) can be of great eco-
nomic, social, and environmental importance (reduction in low-stack gas and dust emis-
sions, reduction in CO2 emissions) [1]. However, this depends mainly on the scale of such
investments. RESs have the potential to improve the quality of life of the population and
the quality of the environment, and they may constitute an additional source of income
or a source of savings for economic entities, local government units, households, and
agricultural holdings [2].

Agriculture is one of the sectors that can and should make intensive use of RESs [3–6].
The development of renewable energy sources in agriculture is necessary for several
reasons. From the perspective of the sector, this necessity results from the need to reduce
the dependence of agriculture on fossil fuels and to achieve specific objectives related to the
reduction in CO2 emissions and the so-called low-stack emissions. It is also an opportunity
to improve the multifunctionality of agriculture and to use biomass from agricultural
production, waste, or roof surfaces.

In Poland, the use of innovative, small-scale renewable energy technologies classified
as distributed generation that have given rise to the development of community energy is
a relatively new phenomenon but is becoming increasingly important for the development
of the renewable energy sector [7]. An example of this may be the significant increase in the
use of solar energy initially for water heating and since 2015 also for electricity generation
as part of a prosumer system. The growth of this sector is fostered by the increasing
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energy efficiency of installations in relation to their price, as well as by favorable financing
conditions in addition to the introduction of favorable legal regulations concerning the
prosumer status [8,9]. Thanks to such changes (legal and financing method), the number of
investments generating green energy will be increased several times [10]. The report by R.
Fu et al. [11] also confirms the growing number of the discussed investments. Research
conducted by P. Gradziuk is also worth mentioning. In his research, the author lists the
decrease in the unit costs of photovoltaic installations, both pro-consumer and commercial,
among the factors having a significant impact on the development of PV and solar installa-
tions [12]. However, despite such a significant development, the photovoltaic market in
Poland, according to many opinions, still has great potential for development [13]. The
confirmation is, among others, the results of the research conducted by A. Ciechomska,
which indicate still insufficient support for the RES sector [14]. On the other hand, the most
frequently implemented investments include photovoltaic and solar panels. It is for their
assembly that funds from co-financing are allocated to the greatest extent [15,16].

Solar photovoltaic (PV) and solar thermal systems, i.e., the technology used to convert
solar energy into electricity or heat, are gaining increased attention among farmers. For
farmers, it is not only an opportunity to reduce household expenses, but above all a chance
to reduce the cost of agricultural production. It is also an opportunity to draw agricultural
production to a larger extent from ecological solutions [17–19].

Investments in renewable energy sources by rural households and local governments
receive support from European Union funds and national budgets [20]. In order to ben-
efit from the financial instruments available to support RES investments, the potential
beneficiaries must have certain knowledge and financial competence [21]. Awareness of
environmental considerations and appreciation of their importance is also a major factor
behind the investment. Therefore, the most important determinants of RES sector develop-
ment in rural areas in Poland are connected to human resources, as well as to the attitudes
of the local population, including farmers, towards RESs. Activities related to the use of
renewable energy sources are relatively novel and innovative, and their implementation is
associated with business risks.

There is a gap in research on farmers’ investment in solar PV and solar thermal
installations. In the case of family farms, it is not possible to clearly separate the household
from the farm perceived as the workplace of the farmer’s family. The household needs
are combined with the needs of the agricultural production, which impacts the energy
consumption structure [22–25].

The purpose of the study is to identify economic and social factors determining
farmers’ investments in solar PV and solar thermal installations. The paper also aims
to demonstrate what part of the energy produced from RESs is used for the needs of
farmers’ families and what part is used for agricultural production and then to identify the
factors determining this proportion. Achieving these objectives can contribute to a better
alignment of policies and tools to support investment in green energy in agriculture.

2. Factors Determining the Adoption of PV and Solar Installations in the Agriculture

The adoption of solar PV and solar thermal systems by rural households has been
addressed in the literature. Although the studies cover different countries and regions,
they most often refer to the following two aspects:

(1) The first aspect that studies often refer to is the reasons why households make the
decision to invest in generating energy through PV and solar panel technologies [3].
Labay et al. draw attention to demographic factors in their research [26]. Sidiras
and Koukios point to a number of economic, socio-cultural, and political factors [27].
Faiers and Neame show the low importance of environmental features in relation
to, inter alia, economic factors [28]. Bollinger et al. indicate, on the other hand, that
the appearance of PV and solar installations is increasing among households that
already have such installations [29]. On the other hand, Zhai and Williams point out
that despite the importance of reducing costs in the case of decisions related to the
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installation of PV panels, with the passage of time, users appreciated the aspect of
environmental protection more and more [30]. As the main factor determining the
choice of renewable energy investments, Fleiß et al. indicate the economic factor. It is
the main determinant of the choice of investments in renewable energy among many
others. Factors such as energy autonomy, the belief in environmental protection, or
the prestige of having renewable energy investments are still less important than
the profitability of investments. [31]. Therefore, the visible trends that determine the
choice of this type of installation are still economic factors. Hence, proposals call for a
more active policy of disseminating this type of investment and raising awareness of
the importance of other factors as equally important [32,33]. The dominance of PV
panels among this type of investment is also visible, despite the growing number of
other types. PV and solar installations still dominate [34]. The importance of various
institutional factors has also been explored in this context. It has been confirmed that
RES support policies are important in the rapid diffusion of solar PV and solar thermal
technologies. Such policies include in particular provisions for guaranteed tariffs for
energy produced in household installations and financial support through grants,
subsidies, low-interest loans, and credits. Wustenhagen emphasizes the importance
of public policy in promoting renewable energy [35]. Guidolin and Mortarino also em-
phasize the importance of supporting energy policy [36]. Research by Kwan [37] and
Cherrington confirms that without proper support from regulations and subsidies, it
will not be possible to efficiently and increasingly popularly invest in RES-type solu-
tions [38]. Jenner et al. emphasize that this policy should be effective and adjusted to
the specific needs of potential recipients [39]. In turn, Bauner emphasizes that despite
many incentives from the state policy, there is still much room for improvement. The
conclusions that he formulates are therefore convergent with the previously cited
results speaking of a better and more effective regulatory system [40].

(2) The second aspect that studies often refer to is the features of the households and
decision-makers that made solar PV and solar thermal investments [37]. Chodkowska-
Miszczuk emphasizes socio-demographic features such as the age of the farm man-
ager, which is one of the most important in this respect. [41]. The socio-demographic
characteristics of farms were also the main subject of research by the team led by Brud-
ermann [42]. Similarly, Ba-kundukize et al. have conducted research for Rwanda [43].
In turn, for Indian households, similar studies were carried out by Irfan et al. [44].
In most of the studies cited, the age of the farm manager was found to be of great
importance; the approaches taken by local authorities and the qualifications and level
of education of farmers were also found to be important factors. In this respect, the
attitudes of rural residents towards RES technologies and the possibilities of chang-
ing these attitudes towards greater acceptance and implementation have also been
studied [45–47].

Relatively few studies have attempted to identify the reasons behind the adoption of
solar PV and solar thermal micro-installations by farmers.

The price of conventional electricity is a key stimulus for investment in solar PV and
solar thermal micro-installations [48]. This factor is important for all households investing
in green energy, but it is critical for farmers because in their case a large amount of energy is
consumed by agricultural production in addition to household use. This is especially true
for large farms (in terms of farmland area and operating surplus) generating significant
energy costs [42].

Previous works show that the adoption of renewable energy in agricultural holdings
depends on factors related to the farmer as the farm manager, factors related to the farm,
and socio-economic factors [49,50]. As far as the factors related to the farmer are concerned,
the propensity to invest in RESs is mainly influenced by the farmer’s age and education.
Most studies show an inverse relationship between the farmer’s age and his/her involve-
ment in RES adoption [49,51–54]. Education, in turn, is a major driver behind investment in
renewable technologies [51–54]. The psycho-social characteristics of the person managing
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the farm, such as risk aversion or openness to innovations, are of great importance as
well [49,50].

The determinants related to farm characteristics include the size and legal status of
the agricultural holding. The probability of undertaking investments in solar PV and solar
thermal systems is higher for large area farms [55]. This is due to the increased need for
energy and the fact that large agricultural holdings earn relatively more compared to small
farms. The legal status of the holding concerns, for example, the ownership or tenancy of
the agricultural property. Agricultural property ownership and long-term lease encourage
investment in renewable energy production [49].

Farmers’ economic interests are an important motivation to invest in RESs [42,56]. En-
vironmental reasons seem to have less influence on farmers’ decisions [31,56,57]. However,
this may change as a result of environmental education programs, among other things,
as pointed out by Shi et al. [58]. It is also worth noting that research most often focuses
on farmers’ investments in bioenergy production installations exclusively for agricultural
production. Investment in solar energy installations is rarely addressed. An additional
problem that is often overlooked is that energy generated in such installations is divided
into energy for household and farm needs. In such cases, the distribution of farmers’
motivation to invest may be different than in the case of investments in biomass or biogas
facilities which use media harvested from agricultural production and are used entirely to
cover the energy needs of the production process.

Other determinants of farmers’ investment in RESs include the farm’s agricultural type
as defined by its agricultural production structure and the type of economic activity of the
farmer [42,52,54,59,60]. Using the example of the United States, Borchers et al. [53] showed
that organic farms are about five times more likely to adopt renewable energy generation
technologies than conventional farms. The type and scale of RES investments in agriculture
are also influenced by the biophysical characteristics of the farm such as the amount of
sunshine in the area, average wind strength, soil erosion, slope, or precipitation [49,61].

Many studies indicate that household income is the dominant predictor of green
energy investments [37,49,53,54,62,63]. In the case of agricultural holdings, investments in
RESs are more likely if the income from the family farm is high or if there are additional
non-farm earnings [51].

Farmers who are well informed about available energy technologies can adopt them
faster [42,49,53,61]. Brudermann et al. [42] confirm the importance of social and behavioral
factors for the adoption of solar PV and solar thermal technologies in agriculture. Such
actions are motivated by the desire to strengthen the farmer’s position in the local commu-
nity and by emulation. According to the literature on innovation diffusion, about 3% of
initial adoption is driven by innovators, and later on, adoption is spurred by the imitation
effect [64]. However, the scale of investment in solar micro-installations must exceed a
certain threshold of prevalence in households for the imitation effect to become clearly
visible [47]. Kim and Lee [65] indicate that there is an imitation effect that is part of the
local process of learning and applying solar PV and solar thermal technologies.

Research suggests a growing importance of institutional factors closely linked to fiscal
and energy policy measures established by individual countries and regions that stimulate
the adoption of renewable energy generation systems by agricultural holdings [60]. In the
European Union, support for the energy transformation of agriculture towards a sustainable
model takes the form of various RES subsidy programs and different support instruments.
Poland, for example, has the AgroEnergy (Polish: AgroEnergia) program intended for
farmers. It was launched in 2019 and it gives farmers the opportunity to obtain grants from
public funds to finance investments in RES micro-installations (with a capacity between
10 and 50 kW). The grant may amount to up to 20% of the project costs, but the subsidized
installation should serve to satisfy the beneficiary’s own energy needs. Farmer households,
just like other households, can also benefit from subsidies for PV installations under the
My Electricity (Polish: Mój Prąd—more in the explanations) program or the Clean Air
(Polish: Czyste Powietrze—more in the explanations) program and, from 2019, they can
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write off the installation costs from their personal income tax under the so-called thermal
modernization relief (after deduction of any subsidies). My Electricity is a program of
co-financing photovoltaic micro-installations with an installed capacity of 2 to 10 kW. With
the number of applications submitted (actually over 220,000), the total capacity of these
installations reaches 1.2 GW, with an annual production of approx. 1200 GWh/year [66].
My Electricity program is very popular, especially in the southern regions of Poland. The
Podkarpackie region, analyzed in this article, has special, favorable conditions related to
insolation. Detailed data also indicate that the Podkarpackie region has a fairly average
level of introduced PV power installation [67] while simultaneously having highest average
subsidies to power (expressed in kWp) [68]. Meanwhile, the Clean Air program strives to
improve air quality through the removal of obsolete stoves and boilers and insulation of
buildings; so far, it has reached 247,275 entities with support for a total amount of PLN
4.4 billion. Actually, the framework of the next edition of the program has been modified,
which should make its implementation more dynamic [69].

In addition, farmers could receive a grant for an RES investment under the EU 2014–
2020 farm modernization support funds. The support will continue under the new EU
2021–2027 financial perspective. Many countries have similar programs to facilitate RES
investments in agriculture, but there is still little research investigating their effectiveness
in this regard.

The Polish economy needs improvement in terms of energy efficiency and developing
a distributed energy system based on renewable sources. Social expectations and Poland’s
energy obligations resulting from the objectives set by the European Union in its 2030
climate and energy framework [8] are the key drivers for undertakings in this area. They
include the following:

- Reducing a minimum of 40% of greenhouse gas emissions (compared to 1990 levels);
- Increasing the share of energy from renewable sources in the total energy consumption

to a minimum of 32%;
- Increasing energy efficiency by a minimum of 32.5% [20,70].

These targets, although aggregated for the entire EU, impose certain obligations on
each member state, which in the case of Poland have been included in the National Energy
and Climate Plan for the years 2021–2030. It sets the goal of achieving a 21–23% share of
RESs in gross final energy consumption by 2030 and reducing the share of coal in electricity
production to 56–60% [71].

Poland is still lagging behind the EU average in terms of meeting the targets set in the
earlier Directive 2009/28/EC of the European Parliament and of the Council [72] regarding
the share of energy from renewable sources in overall energy consumption by 2020 despite
the progress in recent years. To be precise, the share of renewable energy in total primary
energy generation increased from 12.12% to 14.31% (EU average: from 26.1% to 29.9%)
between 2014 and 2018. At the same time, the share of renewable energy in gross final
energy consumption in 2018 was 11.16%, with a target of 15% by the end of 2020 [73].

Poland’s energy transition and the achievement of the climate and energy targets for
2030 and beyond will not succeed without a widespread development of energy based on
renewable energy sources at the local level, including in rural areas and in agriculture.

In Poland, energy consumption differs between rural and urban households. Between
2009 and 2018, the average annual household electricity consumption in rural areas was
more than 30% higher compared to urban areas (Statistics Poland, 2019). This was a
direct result of the larger average dwelling size and the larger average number of persons
in a household in the rural areas. Additionally, agricultural households consumed on
average 24.3% more electricity for household needs than other households in rural areas [5].
The energy demand of all of the buildings, machinery, and equipment located on the
farm usually far exceeds that of regular houses. With regard to solar PV or solar thermal
installations, however, this is equivalent to an increase in investment costs due to the
required plant capacity. Thus, the economic benefits of an RES installation can be much
higher for a farmer than for a non-agricultural household, but the investment costs are
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higher as well. The results of a study by Klepacka et al. [3] indicate that farmers in Poland
attach more importance to energy costs as a rationale for RES investments compared to
other rural residents.

In Poland, 88.4% of rural households still use solid fuels, mainly coal and wood, for
heating rooms and domestic hot water [73]. The use of fossil fuels causes not only CO2
emissions but also the so-called low-stack emission of many gases and forms of dust that
are harmful to health, which is especially true of hard coal combustion. It is estimated
that 44,000 people in Poland die prematurely each year as a result of smog caused by
low-stack emissions of gases and dust emitted during coal burning in rural and urban
household furnaces [74]. Improving air quality is, therefore, a very important part of public
health policy.

Increased use of solar energy in rural households reduces their dependence on fossil
fuels, lowers the amount of ash discharged to landfills, improves air quality for the local
community, and saves money on the monthly household energy bill [5]. There is a need to
determine how many other aspects besides economic ones, in particular environmental
and health factors, influence farmers’ willingness to make investments in green energy.
This is particularly important because hard coal and wood are still cheaper than other
energy sources.

The issue of reducing the consumption of low-quality fuels and introducing new
technologies in agriculture, which serves to reduce air pollution problems and improve
the living conditions of farmers, is topical in many countries [75–77]. One solution to
this problem is the development of solar PV and solar thermal systems in rural areas
and agriculture. In Poland, the rationale behind investments in such systems includes
the following:

- Growing demand for electricity on agricultural holdings;
- Reduction in energy consumption from conventional sources, for example as a result

of an increase in the price of such energy;
- Reduction in agricultural production costs and in the farmer’s family costs associated

with the consumption of electricity and heat;
- Increased energy self-reliance and reduced dependence on energy prices;
- Obtaining financial benefits, i.e., grants for the implementation of investments, agri-

cultural tax, and personal income tax reliefs for investment.

3. Materials and Methods

The research involved a literature and documentary analysis, as well as analysis of
public statistics data. Empirical analyses were based on the results of a diagnostic survey
conducted among farmers—owners of family farms in the Podkarpackie region. The
research tool was a questionnaire that included questions about RES installations and their
use in the respondents’ households and farms, factors determining farmers’ investment in
renewable energy, assessment of the benefits of RESs, and limitations to the development
of installations on farms. Targeted selection was used to choose the group of research
subjects comprising farmers who had a renewable energy installation or had declared
that they would start investing in solar PV or solar thermal installations in 2021. The
intention to undertake such an investment was evidenced by the farmer’s application
for financial support for the investment in a publicly funded program supporting solar
PV or solar thermal installations. Respondents were selected from the ODR Boguchwała
database (Agricultural Advisory Center in Boguchwała), which keeps a register of the
farms in the Podkarpackie region and monitors their functioning and investments. The
research was carried out on farms from all 21 poviats of the Podkarpackie region, assumed
representativeness for agriculture in the Podkarpackie region, and assumed proportionality
in the context of the number of farms in poviats. The minimum sample was set at 226 units
and was realized. In case of refusal to participate in the research, another respondent was
selected. The study was conducted in Q4 2020. The following research hypotheses were
adopted in this study:



Energies 2021, 14, 3158 7 of 21

Hypotheses (H1). Factors stimulating the adoption of solar PV and solar thermal installations
on farms include the reduction in energy expenses and access to grants for such investments. The
young age of the farmer and a larger farm area are also contributing factors.

Hypotheses (H2). On agricultural holdings, a high share of agricultural production in renewable
energy consumption reflects farmers’ preferences for the economic benefits of RESs.

Hypotheses (H3). Farmer’s focus on livestock production and the commercial nature of the farm
is a factor that promotes a higher share of agricultural production in the consumption of energy
obtained from solar PV and solar thermal installations.

Hypotheses (H4). Younger farmers managing large-scale commercial and specialized farms attach
more importance to the reduction in agricultural production costs resulting from the adoption of
solar PV and solar thermal installations.

The research hypotheses were verified using logistic regression and multiple regres-
sion methods. The chi-squared test (χ2) and Cramér’s V were also applied.

A logistic regression model was used to verify hypothesis H1. In this model, the
dependent variable is dichotomous, i.e., it assumes the value 1 when the desired event
occurs or the value 0 when such an event does not occur. For a given case i, the probability
of the variable y taking the value 1 or 0 is

P(yi = 1) = pi, P(yi = 0) = 1− p (1)

The probability is a function of the vector of explanatory variables xi and the parameter
vector β, and therefore,

pi = P(yi = 1) = F
(

xT
i β
)

; for i = 1, 2, ..., n (2)

The logit model assumes that the probability pi corresponds to the distribution of the
logistic distribution [78]:

Pi = F(xT
i ) =

1
1 + exp

(
−xT

i β
) =

exp
(
xT

i β
)

1 + exp
(
xT

i β
) (3)

The parameters (coefficients) of the logistic regression model are estimated using the
maximum likelihood method [79]. Parameters β0, β1, . . . , βk for known values yi, x1i, . . . ,
xki must be estimated in such a way that they provide the maximum value of the logarithm
of the reliability function.

The logistic regression model can be defined in more detail:

P(Y = 1|xi, . . . , xk)=
expβ0 +β1x1+...+βkxk

1 + expβ0 +β1x1+...+βkxk
(4)

where β1, . . . , βk are logistic regression coefficients.
In the analysis under consideration, the fact that the household owns/does not own

a solar PV and/or solar thermal installation was interpreted as an explanatory variable
(denoted by Y1). The variable Y1 was defined as follows:

Y1i =

{
1 if the ith household has a solar PV and / or solar thermal energy system

0 if the ith household does not have such an installation
(5)

where i = 1, 2, . . . , n and is the number of surveyed households.
The dependent variable (Y1) was determined for all 226 studied units. The input set

of independent variables for the estimation of the logistic regression model consisted of
variables marked with symbols from X1 to X10 (Table 1). The selection of explanatory
variables was based on a correlation matrix, and the selected variables were significantly
associated with the dependent variable Y1.
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Table 1. Explanatory variables used for the estimation of logistic and multiple regression models.

Variable Symbol
Regression

Logit
Y1i

Multiple
Y2i

Having other RES installations (0/1) X1 + +
Age of the farm manager (years) X2 + +

Farm area (ha of agricultural land) X3 + +
Using repayable funds (loans, leasing) to finance investments in

renewable energy (0/1) X4 + +

Use of renewable energy subsidies (0/1) X5 + +
Specialized or targeted holding (0/1) X6 + +

Saving energy costs is of great importance (points 1–3) X7 + +
Environmental responsibility is of great importance (0/1) X8 + +

It is of great importance to increase the quality of life (0/1) X9 + +
Neighborly prestige is of great importance (0/1) X10 + +

High importance of tax benefits (pkt 1–2) X11 − +
Use of undeveloped space (0/1) X12 − +

The farm is focused on animal production (0/1) X13 − +
The farm functions as a special department (0/1) X14 − +

The farm carries out organic production (0/1) X15 − +
The farm runs agritourism production (0/1) X16 − +

The farm sells agricultural products (0/1) X17 − +
A farm associated in a production group (0/1) X18 − +

VAT on general terms (0/1) X19 − +
“+” use of a variable for modeling, “−” variable omission. Source: own survey.

Analysis involving the multiple regression method was used to verify hypotheses H2
and H3. Y2i is the share of energy obtained from RESs used for agricultural production
(in %) and was adopted as the dependent variable. The multiple linear regression model
looks as follows [80]:

Y2i = β0 + β1×1 + β2X2 + . . . + βkXk + εt (6)

where Y2i is the dependent variable explained by the model; X1, X2, . . . , Xk are inde-
pendent (explanatory) variables; B0, β1, β2, . . . , βk are parameters; and εt is a random
(residual) component.

The coefficients for the model are estimated using the classic ordinary least squares
(OLS) method. Based on these values, the direction and strength of the influence of the
independent variables on the dependent variable can be inferred. Student’s t-test was used
to determine the statistical significance of individual regression coefficients for independent
variables. The quality of the multiple regression model was assessed using an F test, the
variance of the random component (εt), a normality test of the residual component, and
the coefficient of determination R2.

The estimation of the multiple regression model was preceded by a collinearity analy-
sis of the variables, which removed relatively highly correlated preselected explanatory
variables from the analysis (Pearson’s correlation coefficient rxy > 0.7). Backward stepwise
regression was used in the estimation of the regression model.

The dependent variable (Y2) was determined for 150 units, i.e., those that had solar
PV and solar thermal installations. Variables marked with symbols from X1 to X19 were
initially qualified for the analysis (Table 1). The estimation of the regression model was
preceded by an analysis of the interdependence of the independent variables, as a result of
which the variables X4 and X19 were eliminated.

The chi-squared test of independence (χ2) and Cramér’s V coefficient were used
to verify hypothesis H4. The independence test allowed us to verify the hypothesis of
the independence of the two variables Xi and Yi measured on nominal scales [81]: H0,
features Xi and Yi are independent; H1, features Xi and Yi are dependent, with an assumed
significance level of α = 0.05. In this analysis, the benefits from an RES installation were
shown as Xi features (8 variables were selected), while 5 features describing the farmer and
the farm were shown as Yi features.
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To verify the hypotheses, a χ2 statistic, expressed as the following formula, was used:

χ2 =
r

∑
i=1

k

∑
j=1

(
nij − n̂ij

)2

n̂ij

In order to determine the strength of the relationship between the studied features,
Cramér’s V coefficient was used, which was calculated as follows [82]:

VC =

√
χ2

N · (min(k, r)− 1)

where Vc is Cramér’s V coefficient, χ2 is chi-squared, k is the number of rows, and r is the
number of columns in the correlation table.

Cramér’s V coefficient assumes values [0,1], where V = 0 indicates independence of
features and V = 1 indicates a strong relationship.

4. Results of Empirical Studies
4.1. PV and Solar Installations at Farmers’ Households in the Podkarpackie Region

The research carried out in the Podkarpackie region on a purposefully selected sample
of 226 farms indicates that 66.4% of the units had an installation for generating energy
from renewable sources and 73% intended to invest in this type of installation in the future
(Figure 1). As the criterion for the inclusion of households in the sample was the ownership
of a solar PV/solar thermal installation or the intention to implement such an installation
within the following year, these results may not come as a surprise. Two-thirds of the
surveyed farmers had already made such an investment, while the remaining group (33.6%)
intended to do so. At the same time, as many as 39.4% of the farmers who already had an
RES installation (e.g., solar thermal) intended to invest in another installation (e.g., a solar
PV installation).

Figure 1. Percentage of researched farms owning and planning RES installations (%). Source:
own survey.

The research was not carried out on a random sample; hence, it was not possible
to determine what percentage of farms in the region have an RES installation, but the
high dynamics of change that took place between 2015 and 2020 in this area are clearly
visible. Research conducted in the Podkarpackie region in 2014 [83] showed that the vast
majority of residents of municipalities with a dominant agricultural profile did not use
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renewable energy sources. The respondents showed potential interest in solar collectors
and photovoltaic systems; however, most of them stated that they could not afford such
investments due to the investment costs in relation to the respondents’ income and the long
period of return on investment. The dynamic technical progress that took place between
2015 and 2020, especially in the segment of solar PV installations, the emergence of financial
support programs for this type of investment, the personal income tax reliefs from 2019,
and finally the improvement of farmers’ income [84] have made PV technology much more
accessible to farmers, and the number of such installations has increased significantly. In
Poland, particularly dynamic growth took place in the prosumer PV micro-installation
segment between 2018 and 2020. By 2020, electricity was generated in 458,600 PV micro-
installations, and their total capacity was over 3000 MW. In comparison, at the end of 2019,
there were 155,100 such installations; at the end of 2018, there were only 51,000, and the
capacity of the micro-installations was 344 MW [85]. There are no detailed data on how
many of these micro-installations are located in rural areas and how many of them are
found in agricultural holdings. It can be estimated that about three-quarters of prosumer
PV installations are located in rural areas, and of these at least 30% can be found in farmers’
households. This means that between 2018 and 2020, the number of PV installations in
farmers’ households increased from about 11,500 to 103,000 nationwide. A similar growth
dynamic was also observed in the Podkarpackie region.

The surveyed farms had mainly photovoltaic installations (46.0% of farms in total),
solar collectors (25.7%), heat pumps (4.4%), and biomass boilers (1.3%). PV installations
also prevail in the case of RES investments planned to be implemented. Over 50% of
farm-ers declared making such an investment within a year. Solar collectors are planned to
be installed by almost 26% of respondents, heat pumps by 8%, and biomass boilers by 2.7%.
Very few farmers planned to adapt a small wind power plant or a small water turbine,
while no respondent declared investment in a micro gas plant.

The structure of farms in terms of the use of energy generated from eco-energy
installations is presented in Table 2.

Table 2. The direction of using energy from renewable sources in the researched farms (%).

No. Direction of Using Energy from RES
Percentage of Farms

With a Photovoltaic Installation With Solar Installation

1 Only in the household 41.4 84.5
2 Only for agricultural production 6.3 8.6

3 Both in agricultural production and in
the household 52.3 6.9

Source: own survey.

Among the agricultural holdings equipped with PV systems, almost 42% use the
electricity generated by the systems only for their household needs (Table 2). Photovoltaic
panels were usually placed on residential buildings on these farms, and the farmers
were prosumers. On the other hand, 6.3% of respondents used energy only for broadly
defined agricultural production (including drying, cooling, and storage of agricultural
products, as well as packaging and preparing products for sale). In this case, PV panels
were usually placed on buildings and outbuildings (e.g., warehouses, storage facilities).
The largest group of households with PV installations (52.3%) used the obtained energy
both for household purposes and for agricultural production. In the case of units with
a solar thermal installation, the vast majority (84.5%) used the acquired thermal energy
only in the household. Only 8.6% of the farmers used the solar thermal installation for
agricultural production, while 6.9% divided the acquired energy into consumption related
to agricultural production and consumption related to the family’s household needs.

The highest percentage of units with solar PV installations was found among mixed-
production farms and farms focused on livestock production (over 60%). These groups
of holdings, as well as holdings operating as so-called special branches of agricultural
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production (e.g., crops grown in greenhouses and foil tunnels, poultry farms) also included
the largest number of units equipped with solar thermal installations (Table 3). The
smallest number of solar PV and solar thermal installations was declared by holdings that
perform agricultural activities related only to the maintenance of agricultural land in good
agricultural condition (Table 3).

Table 3. The use of energy from renewable sources in the researched farms, taking into account the type of farm (%).

No. Farm Profile
Percentage of Farms in the Group

with an Installation

Share of Farms in the Group by Area of Energy Use
for the Purposes of:

Only Agricultural
Production

Agricultural and Living Production
of the Family

PV Solar Other RES PV Solar Other RES PV Solar Other RES

1. Plant production
oriented 1 48.6 33.8 8.3 2.9 - - 62.9 22.6 33.3

2. Animal production
oriented 2 60.7 43.1 14.3 5.9 28.6 - 70.6 28.6 25.0

3. Special department 3 50.0 50.0 - - - - 100.0 100.0 -
4. Multidirectional farms 4 62.2 47.6 4.0 6.5 4.0 - 47.8 40.0 -

5.
Only those keeping the

land in good agricultural
condition 5

47.6 25.0 4.8 10.0 10.0 - 20.0 10.0 -

6. Ecological 6 50.0 25.0 25.0 50.0 100.0 - - - -

7. Conducting agritourism
activities 7 50.0 - 50.0 - - - - - -

Number of respondents: 1 72, 2 28, 3 4, 4 74, 5 21, 6 4, 7 2. Source: own survey.

In terms of agricultural production purposes, energy from solar PV installations is
used for lighting farm premises, powering machinery and equipment on the farm, and
heating water, as well as cooling or drying products, while energy from solar thermal
installations is mainly used for heating water (Table 4).

Table 4. Ways of using energy from renewable sources in the researched farms.

No.
Objectives of the Use
of Renewable Energy

Type of RES Installation

Photovoltaic Solar Other

Household

1 Lighting of living quarters 3.8 - 0.5
2 Domestic water heating 2.5 3.0 1.5
3 Heating of living quarters 1.8 0.7 1.7
4 Air conditioning, ventilation 0.7 - 0.2
5 Other 0.1 - -

Agricultural Production

1 Room lighting 2.5 - 0.2
2 Heating water for agricultural production 1.3 2.0 0.4
3 Product cooling 1.0 - 0.1
4 Drying of agricultural produce 0.8 - 0.1
5 Space heating or cooling 0.6 0.5 0.5
6 Drive of agricultural vehicles and machines 0.5 - -
7 Irrigation or drainage of land 0.3 - 0.1
8 Other 0.2 - -

Use on a scale of 0–5, where 0—none, 1—small scale, 2—medium scale, 3—large scale, 5—very large use. Source: own survey.

Respondents’ statements indicate that the most important determinant of investment
in various types of RESs was the desire to reduce household maintenance costs (mean score
of 4.6 on a 5-point scale). The availability of grants and other low-cost sources of funding
and the reduction in the environmental burden of agricultural production were identified as
factors of high importance. On the other hand, respondents attributed moderate importance
to such benefits as reduction in agricultural production costs, popularity of RESs, and
increase in farm income (Figure 2). The wish to utilize residues (waste, by-products) from
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agricultural production was not an important reason for farmers to invest in RESs. This last
observation points to a major challenge in the context of a wider inclusion of agriculture
in Poland in the implementation of the concept of a circular economy [86]. It should also
be noted that the primacy of household benefits over farm benefits as a determinant of
farmers’ RES investments may be due to two reasons:

(1) Low importance of farm income in the disposable income structure of many farming
families, which particularly applies to small farms that dominate in the studied region
(the average area of farmland in 2020 here was only 4.9 ha, compared to the national
average of 11 ha) [87];

(2) Underestimation by some farmers of the potential benefits of green energy for agri-
cultural production.

Figure 2. The importance of factors determining investments in renewable energy in the opinion
of the surveyed farmers (rating scale from 0 to 5, where 0—not important and 5—very important).
Source: own survey.

The most important barrier that hindered or discouraged farmers from investing in
RESs was the low profitability of the investment resulting from the long payback period
(mean score of 3.1 on a 5-point scale). The farmers also indicated the high costs of loans,
the necessity to obtain numerous documents, technical problems with RES installation
and operation, a lack of time to deal with new tasks, and a lack of knowledge on RESs.
The farmers attributed moderate importance to these barriers, while other constraints
identified by them were rated as insignificant (Figure 3). Looking at the average ratings of
determinants and barriers to RES investment, it can be seen that barriers were assigned
lower weights. According to the farmers, it was worthwhile to undertake such projects
despite the difficulties and constraints.

The farmers financed investments in RESs mainly from their own funds and grants
(Table 5). In their financing structure, own funds accounted for 59% on average, but in the
case of 73.4% of the surveyed holdings, own funds covered at least three-fourths of the
amount of investment expenditure. On the other hand, grants and tax reliefs accounted for
34.4% on average in the structure of investment expenditures. The share of bank credits and
loans was very low (5.9%), and leasing was completely marginal. The financing structure
of the planned investments looked slightly different (Table 5). The farmers expected that
about half of the investment costs would be covered from grants and tax relief, which were
planned to be used by as many as 88.1% of respondents. The farmers were also slightly
more willing to finance such ventures through loans and leasing, which were chosen by
21.7% of prospective investors (Table 5). In general, however, the farmers conditioned the
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implementation of investments in photovoltaic and solar installations on access to financial
support from public funds.

Figure 3. Barriers limiting farmers’ interest in investing in PV and solar installations (rating scale
from 0 to 5, where 0—not important and 5—very important). Source: own survey.

Table 5. Sources of financing for RES installations in the researched farms.

No.
Type of
Funding
Sources

Structure of Financing
Investments in Renewable

Energy (%)

Percentage of Farmers Engaging
Specific Sources of Financing

(%)

Implemented Planned Completed
Investments

Planned
Investments

1 Own funds 59.0 42.8 87.3 88.8

2 Bank credit,
loans 5.9 7.5 12.0 18.2

3 Subsidies, tax
breaks 34.4 47.8 69.3 88.1

4 Leasing 0.7 1.9 0.7 3.5
Source: own survey research.

The assessment of the benefits of solar PV or solar thermal systems is largely a re-
flection of the factors determining investment in such technologies. Respondents ranked
saving expenses on electricity consumption as the most important benefit, as well as
hedging against conventional energy price increases and the associated increase in energy
independence of the household (Figure 4). Respondents also gave high priority to environ-
mental aspects. This indicates high environmental awareness of farmers who had invested
or intended to invest in RES installations. Increased quality of life through the use of green
energy technologies was also of great importance for the respondents, which can also be
associated with environmental benefits.
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Figure 4. Assessment of benefits resulting from PV and solar installations in farmers’ households
(%). Source: own survey.

In addition to the above-mentioned economic benefits, the farmers also pointed to the
possibility of obtaining grants for solar PV and solar thermal installations, thus reducing
their own investment outlays. Slightly fewer farmers recognized the importance of tax
benefits (personal income and agricultural tax reliefs, depreciation write-offs) or indicated
the prestige in the local community associated with the ownership of RES installations.

4.2. Statistical Analysis

The results of the estimation of the logistic regression model establishing the determi-
nants of farmers’ investment in solar PV and solar thermal installations are presented in
Table 6. The significance of the statistical parameters of the model was verified based on
Student’s t-test, and the adopted level of significance was α = 0.05. The model parameters
for the variables X1, X2, X3, and X5 were found to be statistically significant, so the factors
mentioned above have a significant effect on the probability of owning PV panels or solar
thermal installations. A positive parameter estimate for the variable X1 means that the
household’s ownership of an RES installation positively influences the probability of get-
ting another solar PV or solar thermal installation. Another statistically significant variable
is the age of the farmer acting as the farm manager. In this case, the older the farmer, the
less likely he/she is to have a first or subsequent RES installation on the farm. The area of a
farm and farmer’s eligibility for RES grants were also indicated as important determinants
of investment in solar PV or solar thermal installations.

The estimated logistic regression model enables, to a large extent, the adoption of
hypothesis H1, which assumes that the young age of the farmer, a larger farm area, and the
possibility to benefit from RES grants will stimulate farmers’ investments in solar PV and
solar thermal systems. At this stage of the research, only the high importance of energy
expenditure savings as a stimulant for such investments was not confirmed.
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Table 6. Parameters of the logit regression model for the Y1 variable determining the probability of
having a PV or solar installation.

Variable Factor Standard
Error t-Statistic p-Value

Const 3.82243 1.5108 2.5300 0.0391
X1—Having other RES
installations (0/1) 2.91298 0.7041 4.1370 0.0434

X2—Farmer’s age
(years) −2.29318 1.1629 −1.9720 0.0172

X3—Farm area (ha of
agricultural land) 0.95583 0.4779 2.0001 0.0161

X5—Use of renewable
energy subsidies (0/1) 1.96388 0.8834 2.2230 0.0331

Number of observations 226, p-value = 0.05
Number of cases of correct prediction 91.6%

Chi-square 93.27, Corrected R2 0.37, McFadden R2 0.55
Source: own survey.

The multiple regression method was used to analyze the determinants of the share of
agricultural production in the RES energy consumption structure. The estimated regression
model included five independent variables that showed a statistically significant effect
on the dependent variable (at p < 0.05). The regression equation explains the studied
phenomenon relatively well, as evidenced by the coefficient R2 of 77.4% (Table 7). White’s
test indicates that heteroscedasticity does not occur, which proves the statistical significance
of the regression model. Similarly, the distribution of the residuals of the model has the
characteristics of a normal distribution (Table 7).

Table 7. Parameters of the multiple regression model for the Y2 variable describing the share of
energy obtained from PV and solar installations used for agricultural production.

Variable Factor Standard
Error t-Statistic p-Value

Const 1.7389 2.1971 0.7915 0.0041
X2—Farmer’s age
(years) −2.1109 0.2378 −8.8768 0.0178

X3—Farm area (ha of
agricultural land) 1.2119 0.1781 6.8046 0.0206

X7—Saving energy
costs is of great
importance

1.7927 2.4493 0.7319 0.0083

X13—The farm is
focused on animal
production

0.3762 6.7281 0.0560 0.0439

X17—The farm sells
agricultural products 0.9781 0.8291 1.1797 0.0349

Number of observations 150, p-value = 0.05, F 0.0076
R 0.879, R2 0.774, Corrected R2 0.683

AIC 143.479, White’s test 0.454, Test for the normality of the distribution of residuals 0.0799
Source: own survey.

The regression model shows that the age of the farm manager has a significant impact
on the share of energy obtained from RESs used for agricultural production. The relation-
ship is inverse, which means that as the farmer’s age increases, the share of green energy
used for agricultural production in the energy consumption structure decreases. A positive
effect on the explained variable was shown for farm area (X3). The high importance of
savings in energy expenditure as perceived by the farmer is associated with greater use
of RES energy for farm purposes, which allows us to accept hypothesis H2. A similar
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relationship concerns farm features such as commercial nature and focus on livestock
production, which in turn allows us to accept hypothesis H3.

The χ2 test of independence was used to determine the relationship between the
farmer and farm features and the farmers’ declared benefits of implementing solar PV
and solar thermal installations. When the null hypothesis H0 indicating independence
of features was rejected in favor of the alternative hypothesis H1, the strength of the
relationship between the features was assessed using Cramér’s V coefficient. The results of
the conducted testing are shown in Table 8.

Table 8. The results of the χ2 and V-Cramer (VC) tests describing the relationships between the
characteristics of farmers and their farms and the benefits of PV and solar installations.

Benefits of
RES

Installations
Holding Area Farmer’s Age Farm

Commodity

Direction of
Agricultural
Production

Form of
Taxation

Environmental
benefits 0.32260 0.40162 0.03642

VC = 0.244
0.00898

VC = 0.250 0.29074

Reducing
household
expenses

0.07938 0.87685 0.74990 0.80779 0.39668

Reduction in
agricultural
production
costs

0.02028
VC = 0.258 0.12588 0.00500

VC = 0.287
0.04700

VC = 0.230 0.25008

Tax benefits 0.15375 0.73025 0.013474
VC = 0.210 0.46465 0.047089

VC = 0.157

The possibility
of selling
surplus energy

0.67912 0.24905 0.03024
VC = 0.257 0.37347 0.66543

Availability of
grants and
other low-cost
sources of
funding

0.04533
VC = 0.229 0.12665 0.00410

VC = 0.297 0.20131 0.029346
VC = 0.185

Prestige,
recognition in
the local
community

0.31922 0.65037 0.04219
VC = 0.237 0.24749 0.28013

Increasing the
quality of life 0.12832 0.56699 0.1245 0.2232 0.02402

VC = 0.168
p-value of less than 0.05 indicates rejection of the independence hypothesis. Source: own survey.

The results indicate that all of the farmers recognized the high importance of economic
benefits, followed by environmental and other benefits, regardless of age. As far as the
commercial character of the farm is concerned, the surveyed units were divided into two
categories: commercial farms, i.e., those that directed their production to the market, and
non-commercial farms. The concordance of answers in both groups concerned only the
benefit from RESs, which are the increase in living comfort and reduction in household
expenses. Farmers managing commercial farms, as opposed to their counterparts in the
alternative group, placed significantly more importance on the economic benefits associated
with using green energy for agricultural production, potential opportunities to sell surplus
energy (not applicable to prosumer installations), and tax benefits. They also appreciated
the importance of the environmental benefits and the opportunity to build their own
position and recognition in the local community.

In relation to the agricultural area of farms, differences in farmers’ answers occurred
in the case of benefits such as the reduction in agricultural production costs. Such a benefit
was definitely more often declared by farmers managing relatively larger farms. Farmers
in this group also acknowledged the benefit of access to grants or other low-cost sources of
financing for RES installations.
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In terms of the direction of agricultural production, the differences concerned the
assessment of the importance of two RES benefits, namely environmental benefits and the
reduction in agricultural production costs. Farmers managing farms focused on plant or
animal production, as well as organic farms and the so-called special branches, attributed
greater importance to both types of benefits.

The relationships between the form of VAT taxation of a farm and the importance of
tax benefits, access to grants for financing investments in RESs, and increasing the comfort
of a farmer’s family were noticed. In this case, the first two of these benefits were more
often declared by farmers taxed on a general basis (i.e., as entrepreneurs), and benefits
related to the quality of life were more often indicated by farmers taxed as so-called flat-rate
farmers. This latter tax status is usually adopted by farmers with small holdings that either
do not produce goods for sale at all or produce goods predominantly for the self-supply of
the farmer’s family.

The observed relationships measured with Cramér’s V coefficient are not particularly
strong, which is due to the multidimensionality of the benefits of RES installations. The
strongest relationship was observed between the commercial nature of the farm and the
economic benefits and access to RES grants. The results of χ2 testing give rise to a partial
acceptance of hypothesis H4. It was confirmed that farmers managing large-scale commer-
cial and more specialized farms attach more importance to the reduction in agricultural
production costs resulting from the adoption of solar PV and solar thermal installations.

5. Summary and Conclusions Remarks

Over the past few years, the scale of interest in renewable energy technologies in
Poland has significantly increased, and the type of green energy projects implemented
has changed, mainly towards photovoltaic systems. The increase in investments in solar
PV micro-installations results from the wide spectrum of use of the energy obtained from
this source, the increase in micro-installation efficiency, and the growing affordability of
this technology. Programs supporting RES investments from public funds are also an
important driver, as from 2019 funding started to be more widely available to beneficiaries.
As a result, the number of solar PV installations in Poland grew nearly 9 times between
2018 and 2020, and the installation capacity increased 8 times. A significant proportion of
solar PV and solar thermal installations are installed on residential or farm buildings in
rural areas, including farms. However, it can be estimated that at the end of 2020, only
7.6% of all farms in Poland had such installations. The potential for the popularization
of solar PV and solar thermal installations in agriculture is, therefore, very high; hence,
it is worthwhile to conduct research on the factors determining farmers’ investments in
such systems. Considering the coexistence of household needs and agricultural production
needs on a farm, it is also worth examining the factors favoring the increase in energy
consumption for farm needs in the structure of total energy consumption.

Numerous authors have studied the drivers of and barriers to farm investment in
renewable energy production technologies, often focusing on some specific technology or
type of energy. This paper focuses on the characteristics of a farm and farmers, including
their attitudes towards the benefits of RESs. Such studies were also conducted by other
authors [50,52,54] but were focused on the determinants of renewable energy installations
for the purposes of agricultural production. This article analyzes the factors that influence
the adoption of RES installations by farmers, both for the needs of agricultural production
and for the needs of the household. The research covered a region with fragmented
agriculture, where most farming families combine farm income with income from non-
agricultural sources. As a result, the RES installation is equally important to meet the living
needs of the farmer’s family and to reduce the costs of energy consumption in agricultural
production. Research in this context is rare; hence, the article fills a gap in the literature.

The research conducted in the Podkarpackie region shows that farmers’ decisions to
invest in RESs are conditioned by many factors. Among these, economic benefits, including
savings on energy costs and access to favorable sources of investment financing (mainly
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grants), as well as the possibility of tax breaks, play the most important role. Rising energy
prices and increasing energy demand in agriculture, which are also linked to climate
change, are also important for farmers. The increasing efficiency and performance of
modern installations is a strong incentive for farmers to adopt solar PV and solar thermal
systems. Farmers who already have RES installations and those who have benefited from
RES grants are more likely to express interest in further RES installations. Research results
in this area are consistent with research conducted in other countries [31,42,48].

Studies have shown that in the case of agricultural holdings, a significant part of the
energy obtained from RESs is still used for the farmers’ household needs. Less than 60% of
solar PV installations and only 15.5% of solar thermal installations are used for agricultural
production purposes. The share of agricultural production in total energy consumption
from RESs rises with an increase in the area of an agricultural holding and is higher in the
case of targeted or specialized farms as compared to mixed-production farms.

Farmers see many benefits from using RES installations for generating energy on their
farms. These relate most to economic aspects such as cost savings, energy independence,
and protection against the risk of soaring energy prices. Furthermore, farmers also point
to environmental benefits, which demonstrates their high environmental awareness. The
reputational benefits of having RESs are the least important for farmers.

This paper has found that there is no relationship between the farmer’s age and recog-
nizing different benefits of generating energy using solar PV and solar thermal systems.
However, younger farmers are more likely to make such investments and make greater
use of the generated energy for agricultural production. This conclusion is consistent
with the results of research by other authors conducted, e.g., in the United States and
Europe [49,51–54].

Investments in solar PV and solar thermal systems are more likely to be made on
larger, commercial, and specialized farms. At the same time, the key rationale behind
RES investments for farmers managing such farms is the rate of return on investment
determined by the reduction in energy expenses and obtaining non-refundable sources of
financing. Environmental and social considerations are of secondary importance, which
does not mean that their role will not increase.

The results of the research can serve economic policy in the context of the implemen-
tation of instruments to support the adoption of PV and solar technologies in agriculture,
especially those adapted to the specificity of agriculture with a fragmented agrarian struc-
ture. This issue is important both for the sustainable development of agriculture and for
the implementation of environmental and climate objectives expected from the energy
transition in Poland. Agricultural areas and rural areas in general are an important part of
this transformation. Potential directions of future research should focus on the analysis of
behavioral and social conditions for the active participation of farmers in the creation of
local energy communities.
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21. Chodkowska-Miszczuk, J. Odnawialne źródła energii i ich wykorzystanie jako nowe trendy na obszarach wiejskich w Polsce.

Studia Obsz. Wiej. 2014, 35, 227–241.
22. Malinowski, M.; Leon, J.I.; Abu-Rub, H. Solar Photovoltaic and Thermal Energy Systems: Current Technology and Future Trends.

Proc. IEEE 2017, 105, 2132–2146. [CrossRef]
23. Niechaj, M. Effective use of photovoltaic systems in polish conditions. J. Ecol. Eng. 2016, 17, 147–154. [CrossRef]
24. Halamska, M. Specyfika rolnictwa rodzinnego w Polsce: Ciężar przeszłości i obecne uwarunkowania. Wieś Rol. 2015, 166,
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