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Abstract: Renewable energy sources help in decreasing negative environmental impacts and in
reducing energy-import dependency. Among all renewable energy segments, photovoltaic panel
(PV) installations are one of the fastest-growing. Growing concern about climate change, as well as
public policies promoting the development of PV installations, have changed consumers’ behaviors
and attitudes. This study uses the theory of consumption values to identify factors influencing
consumers’ choice behavior regarding photovoltaic panel installations. There is little research
on consumers’ perception of value related to green energy in Poland, especially in the case of
photovoltaic panels. We fill this cognitive gap by testing an extended green consumption values
model that includes functional, social, emotional, conditional, epistemic, and environmental values.
The research was conducted on 250 Polish consumers using a self-administered questionnaire as
the research tool. The results of structural equation modeling showed that only functional value
and environmental value had a positive impact on consumers’ choice behavior toward photovoltaic
panels. Photovoltaic panel installations are an important investment for Polish households; however,
our research results showed that consumers are able to pay for high quality, environmental protection,
and future savings. Individuals” environmentally positive attitude related to environmental concern,
environmental knowledge, and responsibility was the strongest determinant of adopting photovoltaic
panel installations. New findings concerning Polish consumers’ behaviors can provide references for
other countries, especially in Central and Eastern Europe. Our results can be useful for marketing
managers and policy marketers in developing strategies concerning the successful promotion of the
installation of photovoltaic panels in European countries.

Keywords: theory of consumption values; green energy; photovoltaic panels; consumers’ behavior;

functional value; environmental value

1. Introduction

Currently, the market for solar photovoltaic electricity generation is one of the fastest-
growing of all renewable energy sectors [1]. The relatively low costs of solar electricity
generation with photovoltaic panel (PV) systems and the potential for further cost reduction
have driven the growth of PV installations in recent years. According to Ram et al. [2], solar
photovoltaic electricity generation is necessary to achieve deep decarbonization with a high
grade of electrification. To meet the Paris Agreement, the power sector is expected to limit
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CO; emissions by 80% until 2040. Consequently, solar photovoltaic electricity generation
would have to supply 3518 TWh in 2030 and 7208 TWh in 2040 [3].

Renewable energy sources not only decrease negative environmental impacts, but also
reduce energy-import dependency. Consequently, different countries use various incentive
systems to encourage the use of renewable energy sources for electricity. By 2050, the
European Union (EU) aims to be climate-neutral, which consists of implementation of five
dimensions, ranging from energy security and an integrated internal energy market to
energy efficiency, climate action, and research and innovation. In the area of the financing
of photovoltaic research and development, there are also important differences between
countries. Considering the national PV R&D funding in the EU, it can be stated that the
countries” allocation is highly concentrated. Only four countries have provided 83% of the
total accumulated values (Germany, Italy, France, and the Netherlands) [4-6].

Social acceptability is an important determinant of government decisions concerning
green energy [7]. We observe the development of new consumer ecological trends. Envi-
ronmentally conscious consumption is characteristic of modern societies and is increasing
among different groups of consumers. Consumers are more and more environmentally
aware, and they choose green products more often. Several studies confirm consumers’
green behaviors and attitudes toward products representing different sectors, including
green energy [7-35], green automotive [36-38], or green building [39-43]. Niamir et al. [22]
underlined the importance of behavioral factors in making energy-related decisions and
in promoting behavioral solutions for climate-change mitigation in Europe. The area of
research concerning consumers’ attitudes and behaviors toward green energy, especially so-
lar photovoltaic electricity generation, has been advancing in the academic literature, which
has resulted in rapid growth and development of both the theoretical and practical aspects
of the research. The previous research concentrated on the issues of environmental-concern
factors related to awareness of environmental problems, social influence, environmental at-
titude, environmental knowledge, and environmental responsibility, as well as government
injtiatives influencing customers’ intentions to adopt green energies [7-16,19,29-35].

In the previous studies concerning households” energy-efficient investments, the
consumers’ characteristics related to the type of dwelling (house, apartment) and its size,
location, and age were identified as important drivers of households” energy-efficient
investments [17,22,23,25,44]. Home owners and high-income households are more likely
to invest in clean-energy technologies than renters and low-income households [17]. In
addition, individuals with higher levels of education and those with children were found
to be more likely to adopt energy-efficient technologies [24,44-46].

Some researchers also studied factors influencing consumer decision-making concern-
ing photovoltaic panels [15,18,21,31,47-52]. This area of research also is still evolving in
the academic literature, resulting in rapid growth and development of both the theoretical
and practical aspects of the research. However, all elements of the theory of consumption
values (TCV) were not considered together in the studies concerning photovoltaic panel
adoption, which creates a research gap and confirmation of the problem’s novelty. Recog-
nition of customer perception of consumption values in the Polish context can contribute
to the theory of consumers’ choice behavior regarding photovoltaic panel installations,
and can introduce some managerial implications for policymakers and local governments.
New findings concerning Polish consumers” behaviors can also provide references for
other countries.

The model of consumption values [53] was chosen, taking into account its complexity.
Sheth et al. [53] combined the knowledge in the field related to consumers and proposed
the consumption value model to determine the factors that lead consumers to buy products.
Various disciplines (including economics, sociology, several branches of psychology, and
marketing and consumer behavior) have contributed theories and research relevant to these
values. This model has been largely applied in scientific research concerning ecofriendly
consumer behaviors in recent years [54-65].
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In Poland, photovoltaic installations are described usually only from a technical
perspective. In 2018, Klepacka et al. [51] studied behaviors of Polish rural households,
but the study was limited only to functional reasons of consumer behaviors regarding
solar-panel installations. Other consumption values were not considered. In this regard,
we recognize a cognitive gap in Polish green consumers’ behaviors. In light of the above,
the following research problem was chosen.

The objective of this paper is to identify the factors influencing consumers’ choice
behaviors regarding the installation of photovoltaic panels in the context of the theory of
consumption values.

The outline of the paper is as follows. The related literature concerning the specificity
of the Polish photovoltaic sector, the theory of consumption values (TCV) in the context
of green energy consumption, and the hypothesis of the study with a conceptual model
are presented in Section 2. Section 3 is dedicated to the presentation of the research
methodology. The research results are presented with discussion in Section 4. Finally, the
conclusions, theoretical and managerial contributions, and limitations of this study are
included in Section 5.

2. Theoretical Framework
2.1. The Specificity of the Polish Photovoltaic Sector

The energy security of EU27+UK is determined by the relations with their neighbours,
especially Norway and Russia. This European Union’s dependence is one of the most
important stimuli to focus on renewable energy sources. In 2014, the European Commission
created “A policy framework for climate and energy in the period from 2020 to 2030” [66,67],
in which it highlighted the general direction of energy-policy development for future. The
main objectives of climate and energy policies are improved competitiveness, the security
of supply, sustainability, and a low-emissive economy. Under the European Energy Policy
2030, the Polish Energy Policy 2050 was formulated.

According to Directive 2009/28/EC of the European Parliament and of the Council of
23 April 2009 on the promotion of the use of energy from renewable sources [68], member
states are required to ensure a specific share of energy from renewable sources in gross
final energy consumption in 2020. National mandatory general objectives make up the
assumed 20% share of energy from renewable sources in gross final energy consumption
in the community. For Poland, this target has been set at 15% [69]. While many economic
reforms have been made, the generating sector was left to its own devices, and due to a
lack of investments, that electricity supply in Poland is still ineffective and not secure [67].

Poland—Ilocated in Central Europe—experiences strong seasonality, with very good
wind and moderate solar resources [70]. However, the Polish energy sector faces a lot of
problems related to its infrastructure, as well as economic and political issues. The total
energy value of primary energy obtained from renewable sources in Poland in 2019 was
396,498 T]. Consequently, the gross final consumption of energy from renewable sources in
2015-2019 has increased in recent years, and increased from 325,387 TJ in 2015 to 376,060 TJ
in 2019. According to Statistics Poland, in 2019, the energy obtained from renewable
sources in Poland came mainly from solid biofuels (65.56%), wind farms (13.72%), and
liquid biofuels (10.36%) [69].

The structure of energy consumption from renewable sources in Poland is character-
ized by a relatively large share (55%) of final consumers. This confirms that energy carriers
from renewable sources are used less often by industrial (commercial) installations, where
as a result of energy transformations, derivative energy carriers (primarily electricity and
heat) are produced, which are then delivered to consumers [69].

In Poland, the total installed capacity of photovoltaic sources at the end of 2019 was at
the level of almost 1500 MW, and in May 2020 it exceeded 1950 MW. Currently, the largest
increase in new installations is observed in the microinstallation segment, which means
a high activity of individual and business consumers. The turnover in the photovoltaic
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market increased in 2020 by 25% compared to the previous year, and exceeded EUR
1 billion [71].

Unlike many countries in Europe, the Polish photovoltaic sector is currently of a
very dispersed nature and is based on microinstallations. Different solar support energy
programs have been proposed to increase access to renewable energy and offered to
residents. The governmental program “My Electricity”, which has been operating for a year,
and the long-term EU support based on the Regional Operational Programs are pillars of the
sustainable development of Polish households, as well as small and medium enterprises. At
the end of 2019, microinstallations accounted for over 70% of the total installed photovoltaic
capacity in Poland. The global pandemic has limited the development of this sector to a
relatively small extent [71].

2.2. The Theory of Consumption Values (TCV) in the Context of Green Energy Consumption

The theory of consumption values (TCV) explains how consumers evaluate and se-
lect specific products [53]. The main limitation of the previous models of consumers’
behaviors (e.g., Nicosia’s model [72]; the Engel, Kollat, and Blackwell model [73]; and
the McCarthy, Perreault, and Quester model [74]) is a lack of the complex list of factors
that affect consumers’ needs and statuses. TCV is based on the existing findings in eco-
nomics, sociology, psychology, marketing, and consumer behavior, and can be used to
assess consumers’ choices concerning different product categories, both tangible and intan-
gible [75]. According to Sheth et al. [53], consumer choice decision-making is prejudiced
by various consumption values that make contributions in different choice situations.
The TCV includes functional value, social value, emotional value, epistemic value, and
conditional value, which are independent [57]. Consequently, researchers often evaluate
different consumption values as separate constructs during the evaluation of its antecedents
and outcomes.

Taking into account the increasing role of the consumers’ green attitudes and behaviors,
environmental values, also called green consumption values (GCVs), are considered more
often in the extended Sheth et al. model [53]. Environmental values are defined as a
consumer’s tendency to express their environmental protection values in the field of
purchase intention and choice behavior [65]. Consumers representing environmental
values, such as empathy for nature, personal engagement toward planet protection or
eco-centric philosophy, are more committed to the consumption of green products [76-78].

2.2.1. Functional Value (FV)

Functional value was developed based on the economic utility theory while including
economic rationalism [53]. Sweeney and Soutar [79] described functional value “in terms of
the utility derived from the product due to the reduction of its perceived short term and long
term costs”. Consequently, consumer choice behavior depends on the level of fulfillment
of the consumers’ utilitarian needs by real product attributes [53]. Consumers accept
green products when their needs concerning performance, quality, and convenience are
satisfied [80]. Several researchers confirmed that product attributes and quality positively
influenced the intention to purchase green products [32-38].

Functional value is related not only to the physical attributes of products, but also
refers to the internal and external reference price that the customers evaluate when making
a purchase decision [75]. Taking into account the specificity of the photovoltaic panel
market, future savings should be included in a functional value dimension. Wang et al. [81]
stated that consumers are willing to pay high prices in exchange for high-quality green
products. Kaenzig and Wiistenhagen [33] also underlined that environmental attributes of
green energy are crucial for green energy consumers.

Sidiras and Koukios [34] confirmed that technical characteristics of solar-energy equip-
ment affect the behaviors of Greek consumers and are determinants to the installation
choice. In addition, in China, the purchase of greenhouses is driven by the comprehensive
rational factors of consumers [41].
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Economic intentional variables are strong determinants of the probability of adoption
of green power by Dutch households [9]. According to Niamir et al. [22], monetary
factors positively affect individual energy-related choices in the Netherlands and Spain.
Similar conclusions were formulated by Colasante et al. [21], who confirmed that Italian
consumers’ choices concerning green energy consumption are largely driven by economic
incentives. A positive correlation between income and the probability of investing in green
energy technologies also was observed by Mills and Schleich [24,44] and Sardianou and
Genoudi [46].

It also has been stated that a higher price can outweigh other considerations and
increase a gap in the case of the purchase of green products [82-85]. However, Nunes and
Schokker [86] confirmed that socioeconomic variables can positively affect the choice of
renewable energy, even in the case of higher prices. It also was stated that price sensitivity
has a negative moderation impact on the relationship between environmental responsibility
and green consumption intention [87]. Litvine and Wiistenhagen [10] underlined that price
is not the only barrier to purchasing green electricity. According to Ecker at al. [88],
consumers are willing to pay more for independence, autonomy, self-sufficiency, supply
security, and control.

Several utilitarian factors contributing to the use of solar energy by rural residents
in Poland were identified by Klepacka et al. [51]. The most important of them were:
convenience of use, future savings on energy used to heat space or water, return on
investment, and subsidies for panel purchase. Rural households appear to be driven by
functional aspects of renewable energy that include a higher degree of independence in
energy supply and a reduction of energy costs [35].

Therefore, based on the previous research results concerning household behaviors to-
ward green energy and other sustainable products, the following hypothesis was formulated:

Hypothesis 1 (H1). Functional value has a positive impact on consumers’ choice behavior toward
photovoltaic panels.

2.2.2. Social Value (SV)

Social value is derived from the symbolic importance of a product, often related
to the common consumption [53]. All decisions and choices made by the consumer are
undertaken in specific sociocultural conditions. Consequently, the need for a sense of
belonging and acceptance by the group can significantly influence consumer choices. In
several studies, researchers confirmed a positive correlation between social values of
consumers and their purchase behavior toward green products [32,33,35]. In addition,
moral norms have a significant influence on intent to purchase of green products [37,43].
Salazar et al. [89] confirmed that peer groups like colleagues, family, and friends may affect
the decision to choose environmentally friendly products rather than conventional ones.
Similar conclusions were formulated by Lee [90], who stated that peer influence and local
environmental involvement affect green purchase behaviors.

The positive impact of investments in green energy on individuals” positive self-
image in local communities engaged in eco-initiatives was confirmed [4,11]. According to
Gadenne et al. [91], social norms and community impact are connected with environmental
attitudes toward energy savings. Ek and Matti [11] also stated that social norms encourage
consumers to invest in proenvironmental activities and impact willingness to pay for
reducing the negative impact associated with the establishment of large-scale onshore
wind power. Research in Germany also confirmed that intention to use green electricity
was most strongly affected by close social contacts [12]. Bollinger and Gillingham [27],
Graziano and Gillingham [26], and Jager [28] identified social-interaction effects and social
learning processes as important factors driving the adoption of solar PVs. Noll et al. [52]
also underlined social-interaction effects as a significant enabling factor in the adoption of
solar PVs in the US.
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Contrary to indications in the literature, Mundacaa and Samabhita [18] stated that
prosocial behavior is not significant in the case of Swedish consumers’ behaviors toward
solar-energy solutions, and Zailani et al. [36] confirmed that social values were shown to
not be a significant factor that influences consumers’ willingness to pay for biofuels.

Taking into account the above arguments, the second hypothesis was proposed:

Hypothesis 2 (H2). Social value has a positive impact on consumers’ choice behavior toward
photovoltaic panels.

2.2.3. Emotional Value (EV)

The consumer’s behavior depends on many factors, among which there can be distin-
guished both internal and external stimuli. The category of internal factors includes, among
others, emotions that accompany consumers’ activities. Emotions play an important role in
motivating consumer behaviour. Emotional value influences consumer’s choice behavior
bases on the emotions that are believed to accompany the use of a product. Emotional
value is defined as the perceived utility developed by arousing curiosity, delivering novelty
and satisfying the need for knowledge [53].

In opinion of Ecker et al. [88], the implementation of green energy solutions for private
homeowners need to consider the motivational aspects of autarky aspiration. Consumers
are more likely to accept new technologies when their individual need for independence,
autonomy, self-sufficiency, supply security, and control is respected.

According to Hartmann et al. [92] and Yoo et al. [93] emotional values have a significant
positive impact on the purchase intention of green products. It was found also that
emotional values such as hedonistic values positively affected the purchase behavior of
green food products [84,94]. Wiistenhagen and Bilharz [13] also stated that the reason for
buying green electricity at a premium is to feel better with themselves.

The following hypothesis was formulated based on the literature review:

Hypothesis 3 (H3). Emotional value has a positive impact on consumers’ choice behavior toward
photovoltaic panels.

2.2.4. Conditional Value (CV)

Conditional value concerns products whose value is strongly related to use in a specific
context [53]. Various infrastructural and contextual factors create structural and situational
environments that can facilitate or limit proenvironmental behavior [95]. Consequently,
when the circumstances create a need, a temporary functional or social value can arise,
and changes in consumers’ situational variables may affect green-product adoption [29].
Lee [90] found that a consumer’s local environmental involvement and consumer exposure
to environmental messages (e.g., through media) influenced consumer behaviour. Lin
and Huang [96] also concluded that among the main factors influencing consumer choice
behavior regarding green products are specific conditions.

The consumer’s situation can be changed by government programs and subsidies
for the development of green energy [30,31,48,97], as well as discounts and promotions
that motivate customers to invest in energy-saving projects [32]. Myojo and Ohashi [48]
showed that subsidies are an effective instrument to encourage the greater use of solar
panels in Japan, and Mundacaa and Samahita [18] showed that subsidies are significant
factors driving the likelihood to adopt solar energy solutions in Sweden.

Sidiras and Koukios [34], Schelly [50], Crago and Chernyakhovskiy [98], Kesari et al. [14],
and Baker et al. [94] confirmed that policy-based financial incentives encourage consumers
to install solar-energy equipment, because of the relatively high costs of photovoltaic panels.
The impact of rules, laws, and regulations on consumers’ choices concerning photovoltaic
panels can be also mentioned.
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However, Gadenne et al. [91] found that energy-saving behaviors are not in any way
affected by government policies or subsidies, and in the opinion of Wolske et al. [49], the
financial benefits do not greatly influence the appeal of solar.

Consequently, based on the previous research results, the following hypothesis
was formulated:

Hypothesis 4 (H4). Conditional value has a positive impact on consumers’ choice behavior toward
photovoltaic panels.

2.2.5. Epistemic Value (EPV)

Epistemic value is typical for consumers who are curious about something different or
want to try something new [53]. Several researchers found a positive correlation between
the epistemic value of green products and consumer choice behavior [62,63,96]. Lin
and Huang [96] concluded that the main factors influencing consumer choice behavior
regarding green products include a desire for knowledge and novelty seeking. Consumers
choose the green product out of curiosity or to learn about a new product. Suki and
Suki [63], Yoo et al. [99], and Rahnama and Rajabpou [100] confirmed the positive impact
of epistemic value during the purchase of different categories of green products.

The role of retailers should be underlined in the process of environmentally consump-
tion. Tsarenko et al. [101] confirmed that retailers can develop environmentally conscious
consumption if they adopt sustainable business practices. Consequently, promotion of
green consumption is one of the ways to minimize the negative environmental impact
and increase sustainability [102], because consumers could be persuaded to change their
behavior concerning sustainability by being encouraged [103]. In the case of photovoltaic
panels, the role of a retailer that provides not only the panels, but also the installation,
is crucial. According to Litvine and Wiistenhagen [10], delivery of information targeted
at the key determinants influencing the intention to purchase green energy significantly
increased the green electricity market share in Switzerland.

Hence, the following hypothesis was developed:

Hypothesis 5 (H5). Epistemic value has a positive impact on consumers’ choice behavior toward
photovoltaic panels.

2.2.6. Environmental Value (ENV)

A positive attitude toward environmental protection is related to the acceptance of
certain values that consumers prioritize, taking into account not only themselves but also
others. Considering that due to the current concern for the environment, at least a mini-
mum level of proecological behavior is required, such an attitude is necessary to adjust to
the groups displaying these positive behaviors. Environmentally friendly attitudes can ulti-
mately shape sustainable consumer behaviour. As a consequence, consumers’ activities can
have a positive effect on the protection of the natural environment. Consumers who believe
that a green product can help solve environmental problems and consumers with high en-
vironmental concerns support green products more, and show greater readiness to choose
them [96]. According to Yue et al. [87], environmental responsibility has a positive impact
on environmental concern, and also has different positive effects on green consumption
intention. When consumers choose environmentally friendly products, they feel a sense
of accomplishment due to the moral satisfaction of engagement for the environment [86].
Wolske et al. [49] stated that consumer ecofriendly motivations and predispositions are the
primary factors driving interest in adopting solar energy. These results also confirmed the
findings of Kaiser and Scheuthle [104], who underlined a positive relationship between
consumer environmental responsibility and environmentally friendly behavior among
Swiss residents, as well as Attaran and Celik [43], who found that American individuals
with a high level of environmental responsibility are more likely to show a positive attitude
and purchase intention toward green buildings. Mundacaa and Samahita [18] showed that
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Functional H1

Value (FV)

Environmental

Value (ENV)

environmental awareness plays a positive role in adoption of solar-energy solutions in
Sweden. Pandey and Kesari [15] indicated several ecofriendly factors such as environmen-
tal attitude, environmental concern, environmental knowledge, perceived environmental
behavior, and perceived environmental responsibility that significantly impact decisions to
purchase solar-energy products in developing countries.

According to the results of the 2011 OECD survey on household environmental
behavior and attitudes, environmental attitudes and beliefs, as manifested in energy-
conservation practices or membership in an environmental nongovernmental organization,
play a relevant role in green-technology adoption [17].

The positive impact of environmental concern on purchase behavior was also con-
firmed by Yoo et al. [99], Lee [90], Chen and Chang [105], Eze and Nbudisi [106], and
Thompson and Tong [107]. Gadenne et al. [91] stated that both intrinsic and extrinsic envi-
ronmental values are related to environmental attitudes toward energy savings. Arkesteijn
and Oerlemans [9] suggested that variables related to environmental behavior in the past
were strong determinants of the probability of adoption of green power by Dutch house-
holds. According to Niamir et al. [22], a high level of knowledge and awareness about
environmental and climate issues influences the level of personal norms and positively
affects individual energy-related choices in the Netherlands and Spain. Kesari et al. [14]
also confirmed that environmental concern factors, such as social influence, environmental
attitude, environmental knowledge, and environmental responsibility, have significant
positive influences on customers’ intentions to adopt residential PV technology.

According to Wang et al. [81], green trust has a greater effect on green purchase inten-
tion in the case of the high perceived price, which can be important in case of photovoltaic
panel installations. Consequently, the following hypothesis was proposed:

Hypothesis 6 (H6). Environmental value has a positive impact on consumers’ choice behavior
toward photovoltaic panels.

Taking together all distinguished consumption values with consumers’ choice be-
havior toward green energy consumption, we built the conceptual model presented in
Figure 1.

Social Value

SV)

Emotional
H3

Value (EV)

Consumers’ choice behaviour

toward photovoltaic panels

H6 Conditional

Value (CV)

Epistemic

Value (EPV)

Figure 1. Conceptual model.
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3. Materials and Methods
3.1. Sample and Data Collection

The survey was conducted in January 2021 on a sample of Polish consumers—owners
and co-owners of houses using a self-administered questionnaire. A random selection
was used [108]. The survey frame was a database offered by Norstat—the European data
collection and market research company. This company has proprietary online panels of
650,000 consumers, which allow researching 18 European countries. For Poland, with a
population of 37.9 million people and 78% Internet penetration, the active panel counted
41,752 consumers over 18 years old, which gave a 38% average response rate [109].

First, we randomly selected 10 house owners to conduct a pretest. Respondents
evaluated the survey according to the content and relevance of the items, and their feedback
required minor corrections to improve the readability and intelligibility of the questionnaire.
Second, a sample of 1000 consumers was taken from a database of 12,329 consumers
who had a house. The data collection resulted in a final sample size of 250 consumers,
representing a response rate of 25%, which is acceptable for this type of survey [110]. The
respondents were randomly approached during different days and time slots to reduce
biases [111]. The main characteristics of respondents are presented in Table 1.

Table 1. Sample characteristics.

Demographic Descriptors N %
Gender:
Female 109 43.6
Male 141 56.4
Age:
18-24 21 8.4
25-34 48 19.2
35-44 59 23.6
45-54 60 24.0
55-64 37 14.8
65+ 25 10.0
Education:
Primary 29 11.6
Secondary 103 41.2
Higher 118 47.2
Place of residence:
Countryside 114 45.6
City up to 50,000 residents 66 26.4
City from 50,000 up to 150,000 residents 27 10.8
City from 150,000 up to 500,000 residents 29 11.6
City over 500,000 residents 14 5.6
Age of house:
Less than 5 years 18 7.2
5-10 24 9.6
11-20 56 224
20-30 36 144
Over 30 years 116 46.4

Most of the respondents were males from 35 to 54 years old with a higher education,
as well as living in the countryside or small cities with houses over 10 years old.

To test for nonresponse bias, we compared early and late respondents (the first versus
the last quartile of respondents) in terms of their mean responses on each variable with a
t-test [112]. The results showed no significant differences between the two groups. Thus,
our results should not be affected by a nonresponse bias.
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3.2. Measures

We adopted the consumption value model proposed by Sheth et al. [53] to explore
the perception of particular values. The questionnaire consisted of 32 questions, including
three types. First, a question related to consumer choice behavior toward photovoltaic
panel installations was asked. Respondents could choose one from three possible responses:
(1) “Yes, I have installed them”; (2) “Yes, I plan to set them up in the next 4 years”; and (3)
“No, I have not installed them and I am not going to do it”. We explained to respondents
that photovoltaic panels convert the energy of solar radiation into electricity.

Second, we proposed 25 items measuring the functional, social, emotional, condi-
tional, epistemic, and environmental values, respectively. We used a five-point Likert
scale, with 1 = strongly disagree and 5 = strongly agree. The Likert scale was selected
because of the advantage of allowing questioning without systematic errors [113]. An
initial list of measurement items was developed based on a review of literature related to
functional value, social value, emotional value, epistemic value, conditional value, and
environmental value. The extended Sheth et al. model [53] has been used in some research
concerning consumers’ attitudes and behaviors toward green products. Consequently,
different researchers developed the initial list of measurement created by Sheth et al. [53],
taking into account the specificity of particular markets, new consumer trends, techno-
logical changes, and climatic conditions. As a result, items adapted to specific markets
and groups of consumers were created. During development of the questionnaire, several
studies concerning green consumers’ attitudes and behaviors were considered. The items
created by Sweeney and Soutar [79], Yoo et al. [99], Arvola et al. [114], Dholakia [115],
Hirschman [116], Tarrant and Cordell [117], Barr and Gilg [42], Sangroya and Nayak [19],
and Zailani et al. [36] were finally selected. Taking into account the specificity of the PV
panel market, the chosen items were analyzed and modified in cooperation with a panel of
experts comprising five professors from the marketing and management fields and five
representatives of companies offering photovoltaic panel installations.

Third, demographic characteristics of respondents including gender, age, level of
education, place of residence, and age of house were used. The multiple-choice response
scale was applied for those characteristics.

3.3. Data Analysis

Since the scales for different consumption values used in our study were established
in the literature, we assessed the scale validity and reliability through performing a confir-
matory factor analysis (CFA) and Cronbach’s alpha, respectively. We employed a rigorous
process advocated by Gerbing and Anderson [118] and Hair et al. [119]. To determine the
impact of particular consumption values on purchase intentions toward photovoltaic pan-
els and to test the hypotheses, we performed a structural equation modeling (SEM) [120]. To
conduct various statistical tests, we employed two statistical packages: Statistica and Amos.

4. Results
4.1. Scale Validation and Reliability Analysis

To assess the measurement validity, a confirmatory factor analysis using a maximum
likelihood estimation [121] was performed. A CFA is used to test whether the measures
of a construct are consistent with a researcher’s understanding of the construct’s nature,
and to test whether the data fit a hypothesized measurement model [122]. We tested the
scale convergent validity, including standardized loadings higher than 0.5 and average
variance extracted (AVE) higher than 0.5 [119]. For the discriminant validity analysis,
we checked whether the square roots of the AVE values were greater than all individual
correlations [123].

When conducting the CFA, some items were dropped because of the undesirable
values of standardized loadings associated with them (i.e., the values were lower than
0.5) [119]. Thus, we were unable to confirm the convergent validity of two consumption
values: conditional value and epistemic value.



Energies 2021, 14, 2674

11 of 20

The CFA results revealed a good fit (x?/df = 1.908; goodness of fit index (GFI) = 0.899;
Tucker-Lewis index (TLI) = 0.897; comparative fit index (CFI) = 0.900; and the root mean
square error of approximation (RMSEA) = 0.089). The goodness of fit was within the
acceptable range, and indicated a moderate fit [119]. All ¢-tests of the observed variables
were significant at the 0.001 level.

The reliability analysis was conducted by calculating Cronbach’s & and composite
reliability (CR). Similarly, except for the conditional value and epistemic value, the results
showed good reliability with Cronbach’s «, and CR surpassed the threshold value of
0.7 [123].

Table 2 summarizes the results of the convergent validity assessed through factor
loadings and AVE, as well as reliability expressed by Cronbach’s alpha and CR. The
discriminant validity, mean, and standard deviation are shown in Table 3.

All statistics (loads, AVE, Cronbach’s alpha, CR) were on an acceptable level. Thus,
good internal consistency among the items within four consumption values (the functional,
social, emotional, and environmental) was confirmed. The environmental value scored
highest, with a mean value of 4.068, followed by emotional (3.824), social (3.612), and func-
tional (3.600). All correlations between variables were significant (p < 0.01) and positive, and
the square roots of AVE for a particular variable confirmed the scale discriminant validity.

Table 2. Factor loadings, convergent validity, and reliability of variables *.

. . Convergent S
Variable/Items Loading Validity Reliability
Functional Value (FV) [19,36,79]
V1 The photovoltaic panels avaﬂal?le on the market are of 0912
good quality
V2 The photovoltaic panels available in the market 0.864 « Cron. = 0.865
are well made AVE =0.535 CR = 0.870
Fv3 The photovoltaic panels perform consistently 0.695 o
Fv4 The photovoltaic panels are reasonably priced 0.605
FV5 Using photovoltaic panels offers value for money 0.643
Fve Using photovoltaic panels offers future savings 0.675
Social Value (SV) [36,79,99]
svi Installation of photovolt'alc panels improves the image 0.787
of its owner
sv2 Installatlor.\ of phofovoltam panels makes a good 0.719 AVE = 0563 o Cron. = 0.865
impression on other people CR =0.866
sv3 Installation of photoyoltalc panels gives its owner 0.722
social approval
Installation of photovoltaic panels reflects
SV4 . 0.765
environmental knowledge and awareness
sv5 Installation of photovoltalf: panels reflects concern for 0.758
the environment
Emotional Value (EV) [99,114]
Installation of photovoltaic panels instead of
EV1 conventional energy sources would feel like making a 0.721 C ~0811
personal contribution to good for society AVE = 0.601 & CIE)I} 0_81.7
Installation of photovoltaic panels instead of -
EV2 . . 0.864
conventional energy sources seems to be morally right
Installation of photovoltaic panels instead of
EV3 conventional energy sources makes/would make me 0.732
feel like a better person
Environmental Value (ENV) [42,117]
ENVI I would install/ 1nstallec.i the photovoltaic panels for 0.714
ecological reasons
Photovoltaic panels help reducing B o Cron. = 0.856
ENV2 environment pollution 0755 AVE =0.548 CR =0.858
ENV3 Iam w1.1hng to commit myself to 0.737
environmental protection
ENV4 I believe personal respor'1$1'b1hty for environmental 0715
problems is important
ENV5 I believe the moral obligation to help the environment 0778

is important.

* Based on the results of the CFA and reliability analysis, the conditional value and epistemic value were not extracted.
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Table 3. Descriptive statistics, correlations between variables, and discriminant validity.

Variables FV SV EV ENV
FV 0.731
SV 0.577 ** 0.751
EV 0.613 ** 0.660 ** 0.775
ENV 0.534 ** 0.676 ** 0.700 ** 0.740
Mean 3.60 3.61 3.82 4.07
s.d. 0.74 0.83 0.89 0.82

Note. N = 250; s.d.—standard deviation; correlation was statistically significant at p < 0.01 (**). The diagonal
values (in bold) present the square roots of AVE.

To test for potential common methods bias, we conducted Harman'’s one-factor test
and a confirmatory factor analysis. As Podsakoff et al. [124] suggested, common method
variance is not a problem if items load on multiple factors and one factor does not account
for most of the covariance. Our analyses, i.e., an unrotated principal component factor
analysis, principal component analysis with varimax rotation, and principal axis analysis
with varimax rotation, revealed the presence of four distinct factors with an eigenvalue
greater than 1.0, rather than a single factor. Our four factors together accounted for 63.72%
of the total variance, and the largest factor did not account for a majority of the variance
(25.4%). Thus, no general factor was apparent.

Additionally, the CFA results showed that the single-factor model did not fit the
data well. Thus, it was indicated that common method bias was not of great concern,
was effectively controlled for in the analysis, and thus was unlikely to confound the
interpretations of the study’s results.

4.2. The Structural Equation Model and Hypothesis Testing

We tested our conceptual model and hypotheses using structural equation modeling
(SEM) with a maximum likelihood (ML) estimation and covariance matrix as data input.
The ML estimation method is often indicated as well suited to theory testing and devel-
opment [118]. The SEM model helps in establishing the causal relationships between the
variables. Standardized residual values were less than 0.05 and suggested a good model
fit. Similarly, the statistics of the model (i.e., X2/ df =0.568; RMSEA = 0.071; GFI = 0.901;
CFI = 0.908; TLI = 0.905) proved its good fit [120]. The hypotheses were evaluated using
the standardized b values, t-values, and the corresponding significance level. The results
of the structural equation modeling are presented in Table 4 and Figure 2.

Table 4. Results of the structural equation modeling.

Indep.endent Dependent Variable B SE t Value p Value Results
Variable
FV — Consumer choice (I 0.149 0.044 3.412 0.000 *** H1 confirmed
SV — have/I plan to install —0.029 0.040 —0.719 0.472 H2 not confirmed
EV — hotovoltaic panels) —0.069 0.043 —1.591 0.112 H3 not confirmed
ENV - P p 0.189 0.052 3.661 0.000 *** Hé6 confirmed

Note. N = 250; significance level at p < 0.01 (***); bB—unstandardized path coefficient; SE—standard error.

Of our six formulated hypotheses, only two received support from the data. Hypothe-
sis H1, considering a positive impact of functional value on consumers’ choice behavior
toward photovoltaic panels, was confirmed (3 = 0.215; t = 3.412; p < 0.001); and hypothesis
H6, considering a positive impact of environmental value on consumers’ choice behavior
toward photovoltaic panels (3 = 0.247; t = 3.661; p < 0.001) also was confirmed. From these
two values, the environmental value had the greater impact.



Energies 2021, 14, 2674 13 of 20

Functional

Value (FV)

Consumer choice

Environmental Social

Value (ENV) behaviour regarding Value (SV)
0.247%*+ photovoltaic panels
-0.103 I Evaluation of the SEM model

x2/df 0.568 = max.2.00
RMSEA = 0.071 = max.0.10

GFI = 0.901 @ <0.90;1.00>

CFI 0.908 | <0.90;1.00>

Emotional
Value (EV)

Figure 2. SEM model. Note: the SEM model differed from the conceptual model (Figure 1) in that it tested only 4 consump-
tion values (functional, social, emotional, and environmental). The conditional value and epistemic value were not extracted
through the CFA, and thus were not tested.

Hypotheses H2 and H3 were falsified. The impact of social value and emotional value
were not statistically significant (p > 0.05). Moreover, the impact of both was negative.

We were not able to test hypotheses H4 and H5 because we could not build the latent
variable for the conditional value needed for hypothesis H4 or the latent variable for the
epistemic value needed for hypothesis H5.

Taking into account the control variables (respondents’ gender, level of education,
place of residence, and age of house), more dependencies appeared, such as:

a. For women, an additional value influencing their choice behavior toward photo-
voltaic panels was the emotional value, but its impact was negative (3 = —0.240;
t=—2.503; p < 0.05);

b.  For people with a higher education, only environmental value influenced their choice
behavior toward green energy ( = 0.265; t = 2.738; p < 0.05);

C. For people living in the countryside, the functional value impacted their choice

behavior toward green energy (3 = 0.221; t = 2.338; p < 0.05); while for people living
in cities, the value that had an impact on this choice behavior was the environmental
value (3 =0.265; t =2.737; p < 0.01);

d.  For people with a house less than 30 years old, the choice behavior toward photo-
voltaic panels was influenced by the functional value (3 = 0.289; t = 3.403; p < 0.01),
and in a negative way, the emotional value (f = —0.198; t = —2.233; p < 0.05); while
for people with a house over 30 years old, the only significant value that influenced
their choice behavior was the environmental value (3 = 0.375; t = 3.808; p < 0.01).

These research results confirmed the previous research results of Mahaptra and Gus-
tavsson [45], Mills and Schleich [24,44], Michelsen and Madlener [25], and Sardianou and

Genoudi [46] concerning the impact of education level on the motivation of adoption of

energy-efficient technologies.
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5. Discussion

Our study made it possible to indicate factors influencing the choice of photovoltaic
panel installations in the context of the theory of consumption values. Research results
showed that functional and environmental values had the greatest impact on green en-
ergy consumption. This was partially consistent with the results of other scholars. It
confirmed the results of the research of Zhai and Williams [47], Kesari et al. [14], and
Ecker et al. [88], who stated that other issues such as maintenance requirements and en-
vironmental concerns were important in the adoption of renewable energy technologies,
especially photovoltaic panels.

Environmental knowledge and environmental awareness influence green purchase
behaviors. Research results showed that environmental value is a significant factor in deter-
mining intentions to purchase photovoltaic panels. These research results were consistent
with results of the OECD survey on household environmental behaviors and attitudes
conducted in 2011 [17]. Niamir et al. [22] and Mundaca and Samabhita [18] also showed
that environmental awareness played a positive role in adoption of green energy solutions.
The importance of environmental value was confirmed by Wolske et al. [49], who stated
that ecofriendly motivations and predispositions of consumers are the most important
factors stimulating the adoption of solar energy. Pandey and Kesari [15] stated that in-
dividual ecological attitude significantly impacted the purchase decision of solar-energy
products in developing countries. Attaran and Celik [43] and Kaiser and Scheuthle [104]
also highlighted the impact of consumer environmental responsibility on ecofriendly
behavior. Similar conclusions were formulated by Gadenne et al. [91] and Arkesteijn
and Oerlemans [9]. Environmentally positive attitudes related to environmental con-
cern, environmental knowledge, and environmental responsibility is one of the strongest
determinants of the solar photovoltaic installations” adoption.

The research results also showed the impact of functional value on consumer choice
behavior regarding solar energy. It was confirmed that for the majority of respondents,
attributes of photovoltaic panels were related to green purchase behavior, and this was
consistent with the results of Kaenzig and Wiistenhagen [33] in Switzerland, as well as
those of Sidiras and Koukios [34] in Greece. Photovoltaic panel installations are a huge
investment for Polish households. However, taking into account the research results, we can
state that consumers are able to pay for high quality, environmental protection, and future
savings. This confirms the findings of Nunes and Schokker [86] and Wang et al. [81], who
stated high prices are accepted in exchange for high-quality green products, as well as the
findings of Ecker et al. [88], who stated that consumers accept new green energy solutions
for satisfaction of their individual need for independence, autonomy, self-sufficiency,
supply security, and control. Several functional factors influencing the choice of solar
energy by rural residents in Poland—such as a higher degree of independence in energy
supply and a reduction of energy costs—were also identified by Klepacka et al. [51].

The results did not confirm the impact of conditional value on photovoltaic panel in-
stallations. This was consistent with the findings of Gadenne et al. [91] and Wolske et al. [49],
who found that energy-saving behaviors are not in any way affected by government poli-
cies or subsidies, and do not greatly influence the appeal of solar energy. Subsidies for
Polish households are currently planned, but it is not known when the new program will
be implemented. As a result, Polish consumers do not know if and on what terms it will
be possible to receive subsidies. This may limit their enthusiasm for solar panels. These
research results did not confirm the findings from Western and North Europe, where the
monetary factors positively affect individual energy-related choices [18,21,22,44,46].

Similar results were obtained in the case of epistemic value. This may be the result
of insufficient involvement of producers of photovoltaic panels, as well as governmental
and nongovernmental organizations, in the environmental consumption process. Polish
consumers lack information about the importance and possibilities of using solar energy.
This is due to the insufficient promotion of sustainable practices. It should be emphasized
that promoting information concerning green energy is one of the ways to reduce pol-
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lution and protect the environment by convincing consumers to change their behaviors
to become more ecological. This confirms the theses of Litvine and Wiistenhagen [10],
Tsarenko et al. [101], and Liobikiené and Bernatoniené [102], and the experiences in Switzer-
land [33].

It was stated that social value is not a factor influencing sustainable consumption
behavior toward adopting photovoltaic panel installations. Similar conclusions were
formulated by Mundaca and Samahita [18], who stated that prosocial behavior is not
significant in the adoption of PV panels, as well as Zailani et al. [36] for purchase intention
toward biofuels.

The research results also showed a lack of the significant impact of epistemic and
emotional value on solar-energy adoption. Taking into account the monetary value of
an investment, consumers do not choose the photovoltaic panels based on emotions or
curiosity, but instead on functional and proenvironmental attitudes.

6. Conclusions

The implementation of energy-saving and renewable energy technologies by house-
holds can significantly reduce the negative emissions related to electricity generation. The
relatively low costs of solar-electricity generation with photovoltaic systems and the po-
tential for further cost reduction will drive the growth of photovoltaic panel installations
in the coming decades. In the opinion of Breyer et al. [70], solar photovoltaic panels will
evolve as the most important power technology, accompanied by wind energy and hy-
dropower. Growing concern about climate change, as well as public policies promoting the
development of renewable energy installations, has initiated an important transformation
in consumers’ behaviors and attitudes.

The present study sought to answer the challenging questions regarding the issues in
the studies concerning photovoltaic panel adoption.

The results of the study contribute to the theory of consumer values and sustainable
consumer behaviors. Testing the most extended model of consumption values among
Polish consumers, we identified factors influencing consumers’ behaviors toward green
energy in this cultural context. For Polish consumers, only two values (functional and
environmental) were important in the decision to purchase photovoltaic panels. On
the other hand, our results showed awareness and attitudes toward green energy in
Polish society.

Regarding managerial implications, our results can be beneficial for policymakers
in developing strategies concerning the successful promotion of the installation of pho-
tovoltaic panels in European countries. To make the green-energy business sustainable,
consumers should accept, purchase, and use green energy, such as photovoltaic panels.
This requires the formulation of effective policies and marketing strategies that motivate
consumers to use green energy. Recognition of customer perception of values in the Polish
context allows policymakers and marketing managers to create policies and strategies more
convincing for the Polish market.

Our study had a few limitations that created further directions for the research. First,
our sample was relatively small, therefore further research should be conducted on a
large, representative sample. Second, we limited the research to Polish consumers, so an
interesting direction of further research could be a comparative analysis of the influence of
consumption values on consumers’ behaviors toward green energy in different European
countries. Third, we tested consumers’ behaviors toward only one source of green energy,
i.e., photovoltaic panels. That is why another exciting direction of research could be testing
the impact of consumption values on consumers’ behaviors toward other sources of green
energy, such as biofuels, wind farms, biogas, and hydro- or geothermal energy.
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