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ARTICLE INFO ABSTRACT
Keywords: Solar photovoltaic (PV) systems are believed to have great potential in combating climate change
Solar photovoltaic panels and contributing to decarbonisation, especially in the residential sector. It is essential to deter-

Residential sector

Attitude

Intention to adopt

Theory of planned behaviour
Path-analysis

mine the factors that shape individual decisions to adopt this technology, in order to facilitate its
deployment. This paper analyses predictors of the intention to adopt solar PV in the residential
sector, using a representative sample of 945 non-adopters in Spain who responded to an online
anonymous survey. We aim to determine the direct and mediated effects of the Theory of Planned
Behaviour constructs, other attitudinal variables (perceived benefits, perceived barriers and
environmental values), peer effects, socio-demographics and house characteristics, on the
intention to adopt solar PV. Two complementary statistical modelling approaches were used.
First, a logistic regression analysis predicting intention to adopt suggested that TPB variables such
as attitude (OR = 2.39) and subjective norms (OR = 2.12) were the most relevant, while
perceived behavioural control (OR = 1.28) was shown to be less relevant. Moreover, logistic
modelling indicated that perceived economic barriers (OR = 0.66), having university studies (OR
= 2.96), and living in a house (OR = 3.85) also play an important role in the intention to install
solar PV. The second analytic approach was path analysis through Structural Equation Modelling
aimed at quantifying the determinants that both directly and indirectly influence the intention to
adopt. Its results revealed attitude (f = 0.19) and subjective norms (f = 0.18) as the factors
having most influence on the intention to adopt. Consequently, different attitudinal variables
should be taken into account when considering public willingness to install solar PV. We
recommend that both policymakers and the market strengthen their recognition of economic and
environmental benefits and enact measures to overcome economic barriers for potential solar PV
adopters.

1. Introduction

The need to reduce greenhouse gas emissions in order to combat climate change and contribute to decarbonisation has become the
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Abbreviations

PV Photovoltaic

TPB Theory of Planned Behaviour
SEM Structural Equation Modelling
PCA Principal Component Analysis

main driver for the promotion of renewable energies. The Intergovernmental Panel on Climate Change (IPCC) has pointed out the
importance of using renewable energy for the generation of electricity [1]. Likewise, the crises of the COVID 19 pandemic, the Russian
invasion of Ukraine, and the risk of conflict in the Middle East have highlighted the need to adopt energy systems that ensure the global
population’s continued access to electricity [2].

The building sector is currently one of the largest in terms of energy consumption. In 2021, the operation of buildings accounted for
30 % of total global energy consumption, and 26 % of global energy-related emissions [3]. In 2022, the building sector consumed
approximately 1 % more energy than in the previous year [3]. Adopting energy efficiency measures alongside the use of renewable
energy technologies is key to improving energy consumption in buildings [1].

Among renewable technologies, solar PV is believed to hold the greatest potential. Evidence of this can be seen in the continued
growth of installed capacity, and the ambition to increase its share in the electricity mix in order to achieve carbon neutrality. In 2022,
236 GW of solar PV were installed globally [4], delivering a total cumulative capacity of 1183 GW, an increase of 35 % compared with
the previous year. Rooftop installation grew by 50 % in 2022 worldwide, reaching 118 GW, up from 79 GW the previous year [5],
confirming this type of application as an emerging market for the future. In a situation of high electricity prices and international
instability of the type exemplified by the Ukrainian war, distributed solar energy represents an option for both countries and citizens to
become more resilient to external shocks. Projections by SolarPower Europe [5] forecast a total of 268 GW of rooftop solar PV by 2027,
assuming a moderate scenario.

1.1. Residential photovoltaics in Spain

The Snapshot of Global PV Markets 2023 report, published by the International Energy Agency (IEA) and the Photovoltaic Energy
Systems Program (PVPS) [6], highlights the status of Spain as one of the world’s leading solar PV nations. This report also points out
that Spain is the top country in Europe and the fifth country in the world as measured by installed solar PV power in 2022, with a total
of 8.1 GW, and the seventh by accumulated solar PV capacity, with a total of 26.6 GW. In addition, in 2022 the IEA awarded Spain first
place in the world for solar PV penetration, with a rate of 19 %. The growth of the new installed capacity of solar PV panels between
2016 and 2023 was 166 %, with increases exceeding 20 % per year since 2020 [7]. Thus, in 2023, the installed capacity of solar panels
equated to 10.4 m? per inhabitant [7,8]. According to data recorded by the Spanish Photovoltaic Union (UNEF), the leading Spanish
association of solar energy, there were, in 2023, around 84,545 new residential self-consumption installations in Spain [9].

In March 2022, the Spanish Government published Royal Decree-Law June 2022 [10] with the aim of adopting urgent measures,
using solar PV technology, in response to the high volatility, uncertainty and instability of energy prices resulting from the war in
Ukraine. This law reserves 10 % of total available energy capacity for self-consumption, with the aim of promoting its adoption.

Royal Decree-Law 18/2022 [11] introduces simplified administrative procedures for self-consumption installations, allowing the
competent administrations to waive the requirement to obtain prior administrative and construction authorisation for
self-consumption below 500 kW.

Additionally, Royal Decree-Law 477,/2021 [12] allocated €660 million in aid for, among other things, self-consumption and
air-conditioning installations using renewable energy. The management of the subsidies is devolved to the Spanish Autonomous
Communities.

Finally, the installation of solar PV at the residential level is financially supported by the Communities. Although there are some
differences among them, in general, up to 40 % of the total installation cost is subsidized, provided that it does not exceed €3000 [13].
Some Communities provide subsidies on the basis of the type of installation (individual or collective), and the kWp installed. Moreover,
41 % of Spanish municipalities grant property tax rebates ranging from 30 % to 50 %, for a period of 3-5 years or even longer [13].
Many municipalities offer ICIO (Tax on Construction, Installations and Works) rebates of up to 95 % to promote energy
self-consumption and sustainability [13]. The installation of solar PV panels also attracts a reduction in personal income tax, which can
be claimed by anyone who has carried out energy renovation work on their home.

Despite incentives for self-consumption, some barriers related to complex administrative procedures, insufficient integration with
the electricity grid, the lack of a stable regulatory framework or the lack of public awareness are hindering the deployment of collective
self-consumption in Spain [14].

In Spain, according to the IEA [15], the typical price of a standard crystalline silicon module is €0.22/W, based on a 10-50 MW
installation. According to the report, turnkey solar PV system prices are between €1.6 and €1.7W for grid-connected residential rooftop
systems of 5-10 kW. For large grid-connected consumer systems, the average price is €0.67/W, and for a centralised system of more
than 20 MW, the price ranges from €0.59 to €0.62/W.

The return on investment (ROI) or profitability of each installation varies, depending on the following factors: annual energy
consumption, geographical location, size of the installation, lifetime of the installation, efficiency of the solar PV panels, over-
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compensation, initial investment, inflation and the price of electricity. In general, the average break-even point is between 5 and 10
years, but this is highly dependent on the above factors [16].

The operations and maintenance (O&M) costs for Spain are estimated to range from €6.80 to €14.70 per year for each 1 kWp
installed. For Europe as a whole, the costs range from €5.20 to €18.90 per year for each 1 kWp installed [17].

1.2. Solar PV adoption and the psychosocial dimension

The novelty of technologies such as solar PV has raised questions about their adoption by the general public. In this regard, there is
a need to analyse the factors that shape individual decisions to adopt this technology, in order to facilitate its deployment. Alongside
economic, regulatory and structural factors, personal and social considerations affect individual decisions to purchase solar PV panels.
The Theory of Planned Behaviour (TPB) [18,19] is one of the most widely used theoretical frameworks for explaining solar PV
adoption behaviour [20-22]. It is a widely used psychological model that explains how individual behaviour is shaped by three main
factors: attitudes toward the behaviour (the individual’s positive or negative evaluation of performing the behaviour), perceived social
norms (the perceived social pressure to perform or not perform the behaviour), and perceived behavioural control (the perceived ease
or difficulty of performing the behaviour, similar to self-efficacy). According to TPB, these factors jointly influence behavioural in-
tentions, which are the most immediate predictors of actual behaviour. Some studies extend the TPB, using alternative variables that
better suit the case of solar PV adoption [23]. As was highlighted by Shakeel & Rajala [24], ‘the rationale of combining theo-
ries/extending the original framework has been to integrate new variables that could have an impact on the adoption of solar PV.’

This paper analyses the public’s intention to adopt solar PV in the residential sector through some of its principal predictive de-
terminants in a representative sample of non-adopters in Spain. Despite the large number of studies on the topic, questions remain
regarding the role of different predictors for solar PV adoption [25]. We aim to determine the direct and mediated effects of typical TPB
constructs (attitude, subjective norms and perceived behavioural control), as well as additional attitudinal variables (peer effects,
perceived benefits and barriers, and environmental values), on the intention to adopt solar PV, the latter being key predictors of actual
behaviour [18]. This research paper contributes to the scientific debate by testing the role of environmental values, peer effects, and
perceived benefits and barriers in explaining the intention to adopt residential solar PV. Thus, this model is based on the TPB but
extends it by considering additional findings from the meta-analysis of Schulte et al. [25].

2. Theoretical framework
2.1. Insights into the most recent research on residential solar PV intention to adopt

Residential solar PV adoption is a rapidly growing area of research. A significant number of articles has been published on the topic
in recent years, in several countries worldwide. As the starting point for our study, we highlight the most recent ones here, focusing on
those dealing with literature reviews or meta-analysis.

Shakeel & Rajala [24] used the Scopus database to conduct a systematic review of the factors influencing households’ intention to
adopt solar PV. They found 39 relevant articles identifying a number of factors that could influence adoption. These factors can be
divided into six categories: socio-demographic variables (age, gender, education level, occupation, income, etc.); personal factors
(individual environmental attitudes, perceived benefits, technological knowledge, perceived behavioural control, etc.); social vari-
ables (installation of solar PV by neighbours, overall level of installation in the locality, visibility and observability of the technology);
technical issues (ease of use, utility, compatibility, relative advantage, risk of use and after-sales repair and maintenance); economic
factors (high cost of the technology, up-front cost, financing options, ROI, whole-life savings and energy bill reduction); and external
factors (energy market price, subsidies, regulatory framework and installation incentives). Among these predictors, economic factors
were found to be the most significant in influencing adoption decisions.

Alipour et al. [26] conducted a systematic quantitative literature review to identify studies covering the adoption and diffusion of
solar PV in the residential sector, using the Web of Science and Scopus databases. The review covered the economic, technical,
socio-demographic and individual predictors that influence customer decision-making. They found 173 relevant studies and a total of
333 predictors. The authors created a taxonomy of predictors based on the findings of previous studies. They grouped all the predictors
into three main dimensions (social, informational and individual), each with various categories. The individual dimension included
values (environmental and personal), general attitudes, and perceived risk, among others. The social dimension included de-
mographics (age, gender, education level, income, socio-political orientation, etc.) as well as house characteristics and family struc-
ture. The information dimension included knowledge (financial and technical) and information channels. The authors highlighted that
the physical and non-physical characteristics of buildings are significant determinants of adoption decisions for residential solar PV,
since these attributes determine both the technical feasibility and cost of installation.

Alipour et al. [27] systematically reviewed the adopted theories, methods and approaches in solar PV adoption behaviour studies.
They examined 199 original quantitative, qualitative, statistical, and non-statistical articles. They found ten main dependent variables,
the most common of them being the actual decision to adopt (40 % of the studies), followed by diffusion of solar PV (18 %), attitude
towards solar PV (13 %), and the intention to adopt (9 %). The authors classified the independent variables as economic and
non-economic and highlighted that, compared with economic variables; the influence on behaviour of non-economic parameters has
been considerably less investigated. The majority of the reviewed studies used mainly online or face-to-face cross-sectional surveys for
data collection (96 %) at the national or the state/province level. The complexity of individual decisions was understood through 13
forms of behavioural theories, Diffusion of Innovation (Dol) and the TPB being principal among them. Regression analysis was the



R. Sala et al. Heliyon 11 (2025) e44167

most commonly used statistical analysis method, followed by descriptive statistics, and Structural Equation Modelling (SEM). They
found that the most frequently applied predictors (age, income, and financial knowledge) were less correlated with behaviour than
were attitudinal traits.

Nurwidiana, Sopha, & Widyaparaga [28] conducted a systematic literature review focused on the adoption of solar PV systems in
the household sector. They used the Scopus database covering the period from 2006 to 2019, obtaining 67 articles, mainly from Europe
(42 %), the USA (31 %), and Asia (19 %). It was concluded that the number of studies had increased over time. A total of 52 out of the
67 papers modelled the quantitative adoption of solar PV. Equation Based Modelling (EBM) was the most widely used approach,
followed by Agent Based Modelling (ABM). The authors reported that various diffusion theories such as the Bass model, the TPB, the
Technology Acceptance Model (TAM), and the Theory of Reasoned Action (TRA) have been used for modelling the adoption of solar PV
using EBM. It is shown that based on the TPB, solar PV adoption modelling has been carried out by exploring purchase motives, while
subjective norms were assessed in accordance with peer behaviour and expectations. Furthermore, attitudes towards solar PV systems
are based on aspirations for social status, autonomy, financial benefits, costs, perceived effort, and associated risks [23]. The TPB has
also been used to investigate the effect of socio-psychological factors (environmental attitudes, perceived behavioural control, and
subjective and descriptive norms, including knowledge of renewable energy) on individual intentions to adopt renewable energy
solutions [29].

Schulte et al. [25] carried out a meta-analysis of residential solar PV adoption, from a sample of eight previously published papers
that provided sufficient data with which to conduct the analysis. They found medium to large correlations between environmental
concern, novelty seeking, perceived benefits, subjective norms and intention to adopt, whereas socio-demographic variables were not
found to be correlated with intention. In this study, a further meta-analysis using SEM revealed a model in which adoption intention
was predicted by perceived benefits and behavioural control, while benefits could, in turn, be explained by environmental concern,
novelty seeking, and subjective norms. These authors highlighted the key role of perceived benefits in the intention to adopt solar PV at
the residential level. They also suggested that, to facilitate the future aggregation of scientific evidence, it is important that future
studies include consistent predictors (in the previous studies, predictors relating to the same underlying concept have various different
names) and report bivariate correlations.

Finally, Fauzi et al. [30] carried out a bibliometric analysis of residential rooftop solar PV adoption behaviour. They retrieved 564
publications from the Web of Science platform and classified the studies into three clusters. The first cluster included studies dealing
with motives to adopt, highlighting the predictive role of some variables such as financial support, general problem awareness, interest
in technical innovation, and environmental benefits. The second cluster included those studies relying on fundamental theory, such as
the Diffusion of Innovation theory or the TPB. The third cluster included those articles dealing with peer and neighbour effects. The
studies in this cluster showed that neighbours and peers play an important and complementary role in residents’ adoption decisions.

These literature reviews and meta-analyses provide invaluable insight into the antecedents of solar PV adoption. While there is
consensus on the need to consider psychological and social factors in predicting the intention to adopt solar PV panels (in addition to
economic and structural factors), the results are, at times, contradictory. For example, some studies definitively point to attitude as the
best predictor, while others highlight the important role of subjective norms and perceived behavioural control. Furthermore, while
studies such as those of Shakeel & Rajala [24] and Alipour et al. [26] emphasise the importance of economic factors, others, such as
Schulte et al. [25] and Fauzi et al. [30], highlight the relevance of perceived benefits. The role of demographic variables is also unclear.
This reinforces the need for further study of the attitudinal and social factors that help in understanding the intention to adopt solar PV
panels. As the study by Alipour et al. [27] clearly points out, economic variables have been studied in more depth, while the influence
of non-economic parameters on behaviour is considerably less explored.

2.2. Constructs
Based on previous studies, the main constructs we use in our model are the following.

2.2.1. Intention to adopt

Behavioural intention is an individual’s readiness to perform a given behaviour and is assumed to be an immediate antecedent of
that behaviour [19]. Behavioural intention has been proposed in popular conceptual theories of innovation diffusion as a dominant
predictor of adoption [18,31,32]. Behavioural intention has also been recognised as a significant predictor in several recent studies on
residential solar PV adoption. We use the intention to adopt solar PV as our primary dependent variable.

2.2.2. Attitude

Personal attitudes towards a particular behaviour encompass an individual’s beliefs and knowledge about the consequences of that
behaviour [33]. The literature indicates that the attitude of individuals towards a given technology is one of the best predictors of the
intention to adopt it [32,34]. Several recent studies have found that attitudes have a significant and positive impact on the intention to
adopt solar PV [21,35,36]. However, not all studies concur: a recent investigation conducted by Lundheim et al. [37] found that
attitudes have an only marginally significant impact on the intention to adopt.

2.2.3. Subjective norms

Subjective norms have been defined as an individual’s perception of how much people value a certain behaviour, or of social
expectations regarding their own behaviour [18]. Subjective norms have been proposed as one of the factors that determine intention.
Recent studies of the intention to adopt solar PV have found that the expectations of significant others such as family members, friends
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or neighbours have a strong effect on the intention to adopt [21,23,38].

2.2.4. Perceived behavioural control

Perceived behavioural control measures an individual’s perception of their ability to control a behaviour. This control depends on
an individual’s perception of internal factors, such as their own level of ability and determination, as well as external factors such as
resources and support. Recent studies of the intention to adopt solar PV found that perceived behavioural control is positively
correlated with the intention to purchase rooftop solar PV panel systems [35,37,39].

2.2.5. Peer effects

Peer effect (or social influence) is the degree to which an individual feels pressured by others to adopt an innovation [38]. The
literature suggests that peer effects are an important driver of solar PV diffusion, as existing adopters influence others to do likewise
[26,40,41]. Some previous studies have found that peer effects influence the intention to install solar PV [38,42-44]. Petrovich et al.
[45] found that strong preferences for adoption correlate positively with the number of friends and family members who have already
installed solar PV.

2.2.6. Environmental values

Environmental values have been defined as the enduring beliefs that directly reflect an individual’s environmental concerns [46].
Environmental concerns include the evaluation of one’s own behaviour in terms of its consequences for the environment [47]. There is
no consensus about the effect of environmental values on the intention to adopt solar PV. Although some recent studies have found that
environmental values and environmental concerns are associated with the intention to adopt solar PV [35,46,48], other studies do not
confirm the influence of those concerns [49,50]. The study by Scheller et al. [51] tested the role of environmental concerns in
explaining attitude and intention to adopt solar PV in the residential sector.

2.2.7. Perceived benefits

Perceived benefits can be defined as an individual’s perception of the advantages and gains offered by a particular technology. In
the recent study conducted by Schulte et al. [25], perceived benefits have been found to be the strongest determinant of the intention to
adopt. Different types of benefits such as economic, environmental or social have been studied in the literature on the intention to
adopt solar PV [52]. In general, there is consensus on the positive and significant influence of perceived benefits [53-55], but some
perceived benefits have been shown to be more closely correlated with the intention to adopt than others [52]. Some previous studies
have tested the role of perceived benefits as an antecedent of attitude towards solar PV systems [23,51,52].

2.2.8. Perceived barriers

Perceived barriers can be defined as an individual’s perception of the disadvantages and difficulties of adopting a given technology.
In general, there is consensus among the studies as to the negative effects of perceived barriers on the intention to adopt solar PV [23,
56]. According to Karakaya & Sriwannawit [56] the main barriers to the adoption of solar PV systems in the residential sector can be
categorised as economic, sociotechnical, policy, and technology management.

In terms of economic barriers, the most studied are initial costs, payback time, the availability of subsidies, maintenance costs, and
access to finance [23,53,55]. In the case of sociotechnical barriers, some studies imply that the complexity, reliability, and perfor-
mance of a technology can reduce the intention to adopt [38]. Other barriers, such as ineffective policy measures, political
commitment, and technology management, are related to the policy dimension.

As in the case of perceived benefits and environmental concerns, perceived barriers were studied by Korcaj et al. [23] in the original
TPB model as antecedents of attitude, and used by other authors such as Filgueira, Lima & Castelo [52] and Scheller et al. [51].

In summary, we anticipate that the effects of subjective norms, perceived behavioural control, and attitude towards solar PV panels
will be in line with the TPB. We therefore expect these variables, along with peer effects, to predict intention to adopt. Furthermore, we
suppose environmental values, perceived benefits and perceived barriers to predict attitude towards and, indirectly, intention to adopt
solar PV.

2.2.9. Socio-demographic variables

Socio-demographic factors are one of the most commonly used predictors of intention to adopt solar PV. Several recent studies have
considered socio-demographic variables, the most frequent being age, gender, educational level, and income [57-59]. However, their
influence is somewhat less clear, and some authors doubt their value as predictors [25,26].

The relationship between age and solar PV adoption is inconclusive. Some studies showed a negative relationship between age and
solar PV adoption [60,61] while other studies found no such correlation [45,51,62,63].

Concerning the impact of gender, some studies have argued that women have a lower intention to adopt solar PV [45,64], while
others conclude that gender has no effect [51,58,63].

Regarding educational level, there is some previous evidence that educational level is positively associated with solar PV adoption
[62,65]. However, some other studies identify no such relationship [49,61].

Finally, a set of studies found a positive relationship between household income and solar PV adoption [62,66-68], while others
show that its impact is not relevant [51,63,69].
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2.2.10. Housing characteristics

Housing characteristics such as the ownership of property, the type of house and the area of residence are less salient in previous
studies related to intention to adopt solar PV [68,70].

Nonetheless, home ownership seems to play a pivotal role in the decision to install solar PV panels at the residential level [71].
Some recent studies have found that those who own their own homes are more willing to invest in solar PV [61,68].

The type of house could also influence the intention to adopt solar PV. Some studies found that living in a house as opposed to an
apartment increases the likelihood of adoption [64,72]. Other studies found that the type of house is not a significant predictor [70,
73].

Finally, housing location (urban versus rural) is another variable that could influence the intention to adopt solar PV. Some pre-
vious studies found that living in a rural area positively affects intention to adopt solar PV [64,74].

3. Materials and methods
3.1. Participants

A sample of 945 solar PV non-adopters aged 18 or over, drawn from the general population of Spain, took part in the online survey
in April 2023. Given the high rate of internet penetration, an online survey was selected as a cost-efficient method for quickly collecting
data from a large and geographically dispersed sample, while avoiding selection bias. A high response rate was assured by enlisting the
help of a market research company to administer the survey and collect the data via its website. Internal validity, often criticized in
online surveys, is guaranteed in this study, as control questions were included to rule out random responses. In addition, social
desirability has been reduced through anonymity. Stratified random sampling was employed to obtain a representative sample of non-
adopters in the Spanish population, based on quotas of age, gender, educational level and geographical areas, with proportional
allocation in accordance with official data [75]. The survey included an initial screening question to exclude solar PV adopters. The
sampling was conducted separately in the 7 Spanish Nielsen Zones, which define areas with relatively homogeneous marketing
characteristics. The sampling error for the final number respondents (945) was + 3.1 % for a confidence level of 95 %, assuming the
maximum variability for binary responses (p = .5). The socio-demographic characteristics of the sample are shown in Table 1.

The study sample was comprised of 48.5 % men and 51.5 % women. The average age of the participants was 48.3 years (SD = 16.4).
Most respondents had a university education (40.6 %). Regarding household incomes, 51.3 % of the sample reported managing on
their current income, while around 27 % declared themselves as having difficulty in living on their current income. Two out of ten
participants were living comfortably or very comfortably on their current income. With respect to the characteristics of participants’
houses, Table 1 shows that most of respondents lived in a large city (64.2 %), and mainly in a flat or apartment (70 %). Most of the
houses were owner occupied (76 %).

It should be noted that this study did not require ethical approval, as confirmed by the Research Ethics Committee of the Universitat
Auntonoma de Barcelona (CERec). The participants were volunteers and gave their consent to take part in this study, in accordance
with the panel’s rules.

Table 1
Descriptive characteristics of participants: socio-demographic profile and housing-related variables(N = 945).

Variable Categories/Range N (%)

Gender Male 458 (48.5)
Female 487 (51.5)

Age 18-24 95 (10.1)
25-34 131 (13.9)
35-44 184 (19.5)
45-54 175 (18.5)
55-64 145 (15.3)
65 and above 215 (22.8)

Education level Basic education 360 (38.1)
Higher or vocational education 201 (21.3)
University education 384 (40.6)

Household income Very difficult to live on current income 107 (11.3)
Difficult to live on current income 153 (16.2)
Managing with current income 485 (51.3)
Living comfortably on current income 176 (18.6)
Living very comfortably on current income 24 (2.5)

Area of residence Rural 338 (35.8)
City 607 (64.2)

Type of residence Flat or Apartment 661 (70.0)
House 284 (30.0)

Ownership No 227 (24.0)
Yes 718 (76.0)
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3.2. Measures

An ad hoc questionnaire was designed in order to assess the public’s intention to adopt solar PV panels and discover potential
predictive determinants or factors. The questionnaire included 36 items and was specifically developed by the research team, based on
a literature review of pre-existing international studies on the topic.

The questionnaire was structured in the following sections: i) socio-demographic questions (4 items); ii) questions about the
characteristics of participants’ houses (3 items); iii) questions about environmental values (5 items); and iv) attitudinal questions
regarding solar PV panel adoption (24 items). Table 2 gives an overview of the constructs considered in this study. It shows the number
of items included for the measurement of each theoretical construct, as well as the studies from which the items were drawn.

Single items were used only in the case of well-established theoretical constructs, when there were previous reputable studies that
had used single item measures, and to encourage a reduction in the length (total number of items) of the final questionnaire. Social
desirability was counterbalanced by the anonymity guaranteed by an individual online survey and by the fact that there is no financial
or other reward for particular responses.

A detailed list of items included in the questionnaire is provided in the Supplementary Information.

3.3. Procedure

Prior to data collection, a pilot test was carried out with a sample of 17 people in order to check that the questionnaire was easy to
understand and quick to complete, and whether the response options were exhaustive. Afterwards, the questionnaire was prepared in
electronic form and sent to participants by e-mail. A market research company assisted with the programming and survey adminis-
tration process, and sent invitations to panel members to take part in the survey. Informed consent was obtained from participants
before they participated in the study. Participants were informed of the anonymous and confidential nature of the data provided in the
survey. Filling out the questionnaire took an average of 9 min.

3.4. Analytic approach

Data analysis was conducted using Stata 18 software. First, to explore the factorial structure of the questionnaire, a Principal
Component Analysis (PCA) was carried out. PCA was selected in preference to Confirmatory Factorial Analysis (CFA) or Exploratory
Structural Equation Modelling (ESEM) for two reasons: because the measurement instrument was constructed ad-hoc for the survey,
and because the high overlap in the semantic definition of the constructs allowed items to load in more than one factor. Barlett’s test,
the Kaiser-Meyer-Olkin test, and the PCA were performed. To select the optimum number of retained factors, four criteria were
assessed: whether the eigenvalue was greater than 1; slope changes in the Cattell’s scree-plot; the total percentage of variability
explained; and the result of a parallel analysis executed with 100 random samples. The retained factors were rotated using the varimax
and oblimin functions. Communalities and residuals were calculated to assess the goodness of fit of the selected factorial solution.

The best predictive model of binary intention to adopt solar PV was selected through a backward stepwise logistic regression, with
0.05 as the inclusion and 0.10 as the exclusion probabilities. Once the best model was selected, a Poisson regression model with robust
standard errors was estimated to obtain the prevalence ratio associated to each predictor. McFadden pseudo-R? and the area under the
ROC curve were calculated to assess the predictive capability of the model [78].

Finally, the explanatory model of the binary intention to adopt solar PV was assessed with SEM. The measurement model included
hypothesized direct and indirect effects, non-null covariances between exogenous variables, type of housing, and education level, as
adjustment terms. The estimates were conducted using maximum likelihood and observed information matrices for the standard error
(the normality of the measures was checked in advance). Degree of fit was evaluated using root-mean-square error of approximation
(RMSEA), the Tucker-Lewis index (TLI), the comparative fit index (CFI), and the standardised mean-square residual (SMSR). The
model’s fit was adequate when TLI or CFI were above 0.90 (acceptable) or 0.95 (excellent), RMSEA below 0.08 (acceptable) or 0.06
(excellent), and SMSR was under 0.08 [79]. Indirect effects were tested even though the direct or total effect was not statistically
significant, using the product-of-coefficients test [80].

Table 2
Constructs measured in the questionnaire and their original or adapted sources.
Theoretical constructs N° of items Adapted from:
Environmental values 5 [46]
Intention to adopt 1 [76]
Subjective norms 1 [74]
Perceived Behavioural Control 1 [23]
Peer effects 2 [45]
Attitude 1 [771
Perceived benefits 9 [23,54,55,74,76]
Perceived barriers 9 [23,54,55,74,76]
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4. Results
4.1. Validity and reliability of the measurement model

PCA was used with a non-orthogonal oblimin rotation to establish the validity of the measurement model for the latent variables,
using 25 items from the questionnaire (as can be seen in Table 2, Intention to adopt, subjective norms, perceived behavioural control
and attitude were mono-items so they were not factorised). The result of Barlett’s test was statistically significant (p < .001), reflecting
that items were intercorrelated. The Kaiser-Meyer-Olkin test index was 0.86, which according to Kaiser [81] was considered high
enough to try to factorise the items. Results from the PCA showed 6 factors with eigenvalues >1, accounting for 66.4 % of the total
variance. The scree-plot suggested selecting 2 or 6 factors. Results from parallel analysis indicated that the first 6 factors explained
greater or practically the same variability as chance, and from the seventh factor onwards random factors explained more variance
than empirical ones. Given these results, the 6-factor solution was selected. Communalities were largely homogeneous from 0.42 to
0.82. Residuals, calculated as observed less fitted correlations, were low, with a mean of 0.03 and with 81.7 % of them below 0.05.

As shown in Table 3, the selected PCA solution yielded a structure in which seven items of benefits loaded in Factor 1, while another
two benefits (those dealing with social and aesthetic aspects) loaded in Factor 5. The same occurred for perceived barriers: six items
loaded in Factor 3, while three items (those dealing with economic aspects) loaded in Factor 4. The other factors were environmental
values as Factor 2, and peer effects as Factor 6. All factor loads were higher than 0.50. Average variance extracted (AVE) values were all
above 0.50 except for Factor 3 (0.44), which following Hair et al. [82] indicated that variance captured by the constructs was high in
relation to the amount of variance of error. Cronbach’s alpha for the 6 derived factors was acceptable except for Factor 6 (probably due
in part to it containing only 2 items).

As shown in Table 4, correlations between the 6 factors were low in general, but three values were higher than 0.20. Factor 1 was
correlated with Factors 2 and 5, and Factor 3 was correlated with Factor 4.

Table 3
Exploratory factor analysis results, including factor loadings, average variance extracted (AVE), and internal consistency (Cronbach’s alpha).
Factors and factor loading 1 2 3 4 5 6
1. Economic and environmental benefits
I would recover the investment and make a profit. 0.788
It would reduce my energy bill significantly. 0.859
It would protect me from rising electricity prices. 0.872
I would get tax benefits. 0.633
It would make me self-sufficient. 0.703
I would reduce my dependency on oil/gas and reduce greenhouse gases. 0.715
It would increase my property value. 0.628

2. Environmental values

It is important to me that the products I use do not harm the environment. 0.853
I consider the potential environmental impact of my actions. 0.892
I am concerned about wasting the resources of our planet. 0.813
I would describe myself as environmentally responsible. 0.852
I am willing to be inconvenienced in order to be environmentally friendly. 0.784

3. Non-economic barriers

I would have infrastructure difficulties. 0.619

It would not provide the level of benefits I would be expecting 0.502

It is too technically complex 0.777

It would require lot of maintenance 0.725

I would be concerned about its safety 0.687

It would worsen the aesthetics of my property 0.620
4. Economic barriers

Initial costs of installing solar photovoltaic panels would be too high 0.848

It would take too long to recover the initial investment 0.859

There would be a lack of financial support 0.872
5. Other benefits: social & aesthetics

It will improve my social status in the community 0.805

It would make my property look nicer 0.867
6. Peer effects

How many of your neighbours have installed solar PV? 0.886

How many of your friends and family members have installed solar PV? 0.875
Eigenvalue 6.06 3.56 2.34 2.05 1.45 1.13
% of explained variance 20.5 17.6 12.6 11.4 9.1 6.7
Average Variance Extracted 0.56 0.70 0.44 0.74 0.70 0.78
Cronbach’s alpha 0.89 0.90 0.76 0.85 0.80 0.71

Note: only the highest factor loading for each item is shown.
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Table 4
Correlations among the six factors identified in the factor analysis.
Environ-mental values Non-economic barriers Economic barriers Other benefits Peer effects

Economic & environmental benefits 0.37 —0.14 0.03 0.24 —0.10
Environmental values —0.08 0.06 0.15 —-0.05
Non-economic barriers 0.29 0.00 0.09
Economic barriers —0.09 —0.10
Other benefits 0.07

Six new scales were created from the results of the PCA as the mean of the items involved, labelled as indicated in the six first rows
of Table 5. Additionally, for posterior predictive models, the three single-item measures representing subjective norms, perceived
behavioural control and attitude were also used. Table 5 presents the descriptive of these factors and variables that in the posterior
regression model will act as predictors of the intention to adopt solar PV, as well as the descriptive of the intention to adopt.

Attitude towards residential solar PV was quite favourable overall whereas intention to adopt was quite low. Participants also
scored highly for environmental values. Economic barriers were perceived as higher than non-economic ones (social and aesthetic).
Economic and environmental benefits were also perceived as higher than other benefits (infrastructure, technical aspects and main-
tenance, safety, and aesthetics). Peer effects in the sample were quite low.

As shown in Table 6, the intention to adopt was directly correlated with attitude (r = 0.28), subjective norms (r = 0.28), peer effects
(r = 0.23) and perceived behavioural control (r = 0.21), and inversely with perceptions of economic barriers (r = —0.10) and non-
economic barriers (r = —0.20).

4.2. Predictive analysis of the intention to adopt solar PV panels

In order to predict the intention to adopt solar PV, a backward stepwise logistic regression analysis was conducted. Predictors
included in the maximum initial model were the six factors from the PCA, the 3 items measuring subjective norms, perceived
behavioural control and attitude, and a set of demographic variables (gender, age, education level (as yes/no for university education)
and household income) and other potential influencers (type of house, place of residence, and ownership of the dwelling). The best
model obtained is shown in Table 7, which besides the odds ratio (OR) and its p-value, also contains the estimated prevalence ratio
(PR).

The selected logistic model had an acceptable predictive capability with a McFadden pseudo-R? = 0.26. With an optimal cut-off of
the predicted probability equal to 0.161, the maximum values of sensitivity = 0.77 and specificity = 0.77 were achieved. The area
under the ROC curve was AUC = 0.84 (CI95 % 0.82 to 0.87). The fitted ROC curve is shown in Fig. 1. The model included six sta-
tistically significant predictors: subjective norms, perceived behavioural control and attitude were associated with an increased
probability of intention to adopt solar PV, and conversely, economic barriers were associated with a reduction in intention to adopt.
Moreover, living in a house instead of a flat or apartment, and having a university education were associated with an increased
intention to adopt solar PV.

4.3. Path analysis explaining the intention to adopt solar PV panels

An SEM analysis of the six factors obtained in PCA plus the three variables from the TPB model [18] was conducted. Additionally,
the two sociodemographic predictors that were statistically significant in the previous predictive logistic model (type of house and
education level) were included as adjustment terms. The model provided a moderate fit of the data (CFI = 0.892, TLI = 0.773, SRMR =
0.027, RMSEA = 0.087 with 90 % CI = 0.070 to 0.105).

Fig. 2 shows direct effects and Table 8 provides information about indirect and total standardised effects on intention to adopt solar
PV panels. The significant effects on attitude were positive from economic and environmental benefits (3 = 0.46) and environmental
values (f = 0.15), and negative from non-economic barriers (f = —0.17). The three significant direct effects on intention to adopt were

Table 5

Summary statistics for the variables used to explain intention to adopt solar photovoltaic systems.
Predictors of Intention to adopt solar PV Min-max M SD Md
Economic and environmental benefits 1-5 3.52 0.70 3.57
Environmental values 1-5 3.86 0.74 4.00
Non-economic barriers 1-5 3.08 0.63 3.00
Economic barriers 1-5 3.77 0.78 4.00
Other benefits 1-5 2.61 0.85 3.00
Peer effects 1-5 2.05 1.40 1.50
Subjective norms 1-5 2.61 0.92 3.00
Perceived behavioural control 1-5 2.62 1.16 3.00
Attitude 1-5 3.52 1.03 4.00
Intention to adopt (Yes) - N (%) 142 (15.0 %)
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Table 6

Direct correlations between key explanatory variables and intention to adopt

solar PV panels.

Intention to adopt

Economic and environmental benefits

Environmental values
Non-economic barriers
Economic barriers
Other benefits

Peer effects

Subjective norms

Perceived behavioural control

Attitude

0.18**
0.10%*
70.204(#
—0.10*
0.10%*
0.234(:’(
0.28**
0.21**
0.284(:’(

*p < .05; **p < .001.
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Table 7

Logistic regression results predicting the intention to adopt residential solar photovoltaic (PV) panels.
Predictor OR 95 % CI OR p PR 95 % CI RR
Economic barriers 0.658 0.494-0.877 0.004 0.803 0.670-0.961
Subjective norms 2.123 1.570-2.871 <0.001 1.500 1.268-1.775
Perceived behavioural control 1.277 1.043-1.563 0.0018 1.166 1.022-1.331
Attitude 2.393 1.829-3.130 <0.001 1.773 1.432-2.194
Type of residence (house) 3.846 2.437-6.068 <0.001 2.323 1.716-3.163
Education level (university) 2.961 1.889-4.644 <0.001 1.823 1.390-2.391

OR: Odds ratio (indicates the multiplicative factor of the intention to adopt associated with a unit increase in the predictor, so values statistically
significant and higher than 1 mean that the higher the exposure, the higher the response); PR: Proportion ratio (same interpretation as OR but in terms

of proportion rather than odds).

1.00

0.754

0.50

Sensitivity

0.254

0.00+

T
0.00

Fig. 1. Predictive accuracy of the logistic model: ROC curve for intention to adopt solar PV panels.

T
0.25

T
0.50
1 - specificity

0.75

T
1.00

positive, from the maximum of attitude (f = 0.19) to the lowest of perceived behavioural control (f = 0.08). Of the set of indirect
effects mediated by attitude only that from economic and environmental benefits (# = 0.09) had a relevant magnitude. With regards to
the total effects, attitude ( = 0.19), subjective norms (f = 0.18), economic and environmental benefits (4 = 0.09) and perceived

behavioural control (§ = 0.08) showed statistically significant standardized coefficients above 0.05.

5. Discussion

5.1. Overview

Understanding the public’s attitude towards and intention to adopt solar PV is crucial for the deployment of the technology. Thus,
studying the predictors of intention to adopt, as the precursor of eventual adoption, might be relevant for the formulation of evidence-
based policies and the orientation of marketing efforts.

The results from PCA revealed that the perceived benefits of and barriers to adopting solar PV panels are not unidimensional. If we
consider perceived benefits, PCA results indicate that economic and environmental benefits can be grouped together, while social and
aesthetic benefits can be grouped as another factor. Thus, when people consider the benefits of installing solar PV at home, they may
consider these two aspects separately. A similar pattern was observed for perceived barriers: participants may consider economic
barriers (e.g., initial cost) and financial support (e.g., subsidies or grants) as distinct factors, alongside non-economic barriers such as
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Fig. 2. Proposed model and hypothesized pathways influencing the intention to adopt solar PV panels In bold: statistically significant direct effects.
In grey: non-significant direct effects. Covariances among exogenous measures and adjustment by type of housing and education level are
not shown.

Table 8
Standardized estimates of indirect and total effects influencing intention to adopt solar PV panels.
Indirect effect Total effect
Predictor Standardized p Standardized P
coefficient coefficient
Economic and environmental benefits 0.09 <0.001 0.09 <0.001
Other benefits 0.00 0.483 0.00 0.483
Economic barriers 0.01 0.237 0.01 0.237
Non-economic barriers —0.03 <0.001 —0.03 <0.001
Environmental values 0.03 <0.001 0.03 <0.001
Attitude 0.19 <0.001
Subjective norms 0.18 <0.001
Perceived behavioural control 0.08 0.019
Peer effects —0.02 0.544

Indirect effects are effects of the predictor on the intention to adopt through attitude. Total effects are the sum of direct (not shown) and indirect
effects.

infrastructure difficulties, technical issues, safety concerns, maintenance needs, and aesthetics. In our sample, economic barriers
scored higher than non-economic ones, while economic and environmental benefits were rated more prominently than other benefits.

This study also evaluated the capability of six attitudinal attributes (environmental values, peer effects, economic and environ-
mental benefits, other benefits, economic barriers and non-economic barriers), variables of the TPB model (attitude, subjective norms,
and perceived behavioural control), and some other potentially relevant variables (socio-demographics and house characteristics) in a
logistic regression model, to predict the intention to adopt solar PV.

The findings from the predictive logistic regression analysis highlighted and verified that the TPB variables (especially attitude and
subjective norms) were the most important predictors of the intention to adopt solar PV panels at the residential level, while perceived
behavioural control was shown to be less relevant. Likewise, the analysis highlighted the importance of economic barriers for decision-
making: the greatest economic barriers were associated with a decreased intention to adopt.

Moreover, we found that the type of residence appeared as a very relevant predictor: living in a house instead of a flat or apartment
appeared to be the most predictive variable when considering the probability of deciding to install a solar PV system. Having a
university education had a similar effect. Thus, these two variables might play an important role in decision-making, and should be
considered, together with attitudinal variables, when studying the intention to adopt this technology.

Finally, a path-analysis was carried out to assess an explanatory model of the intention to adopt. The five attitudinal factors found in
factorial analysis provided an explanation of the more general attitude construct, which together with the three TPB constructs
explained the intention to adopt. It was found that attitude and subjective norms had the highest direct effects when explaining the
intention to adopt solar PV. At the same time, perceived environmental and economic benefits appeared as important variables when
predicting the intention to adopt, together with non-economic barriers and environmental values, having their influence through
attitude. Curiously, the direct and indirect effects of economic barriers were non-significant overall, even though they were a sig-
nificant predictor of the intention to adopt in the regression model. Peer effects and other benefits have a non-significant effect on
attitude and the intention to adopt.

11
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5.2. Comparison with previous research findings

Our empirical results show similarities with, and differences from, those found in other empirical literature on the adoption of solar
PV. Regarding the key role of the variables comprising the TPB model, we confirm the evidence from the literature that the strongest
relationship was found between attitude and behavioural intention [83]. Our results also corroborate Abreu et al. [21] in that social
norms and attitudes were found to have a significant impact on forming intentions to adopt solar PV. Our results, however, contradict
the findings of Lundheim et al. [37]. They conducted a cross-sectional survey study in Norway based on an extended version of the TPB
model as the main theoretical perspective. By means of SEM analysis to identify significant psychological factors for increasing the
adoption of solar panels, they found that perceived behavioural control has the biggest influence on the intention to adopt solar panels.
In their study, however, attitude has only a marginally significant impact on intention to adopt. Fatoki [35] also found that attitude and
perceived behavioural control were positively related to the intention to purchase solar PV. In the present study, the low t-value of
perceived behavioural control means that the perceived difficulty or ease of an individual purchase of solar PV panels would be less
influential. This could be explained in part by the fact that the Spanish population has low perceived behavioural control regarding
solar PV panels. Perhaps their awareness of government incentives to adopt solar panels is low, while other aspects such as the
possibility of an important person approving or disapproving this behaviour (subjective norm) are much clearer to them. It would be
interesting in future studies to assess more specifically the beliefs that individuals have about these aspects of solar PV adoption. As
highlighted by Klockner & Nayum [84], the closer an individual gets to behaviour implementation, the more important these issues
become.

Concerning the role of perceived benefits and barriers, our results indicate that both are related to attitude. By contrast, Claudy
etal. [76] pointed towards a meaningful distinction between attitude, which arises exclusively from positive statements, and perceived
behavioural control, which recognises all types of barriers. Their results imply that whereas benefits have a strong and significant
positive correlation with attitude, but not with intention, barriers have a moderately significant negative relationship with intention,
but not with attitude.

Our results partially validate the earlier findings of Vasseur & Kemp [85] or Jacksohn et al. [64] regarding the key role of costs. The
analysis of Jacksohn et al. [64] suggested that economic factors (costs and revenues) were the most important factors for explaining
adoption. In their study, environmental concerns had comparatively low relevance. Vasseur & Kemp [85] highlighted the cost of solar
PV as an important predictor of adoption or non-adoption. In the Netherlands, they found that for adopters, the costs of adoption were
considered affordable whereas for non-adopters they were viewed as being too high. Given that 8 years have passed since this study,
this difference in results may be due to the fact that concern about the climate crisis has increased in recent years.

Concerning environmental values, we partially confirmed the findings by Fatoki [35], who conducted a cross-sectional survey to
examine the determinants of intention to purchase rooftop solar PV panel systems in residences in South Africa. By means of SEM he
found that environmental concern was associated with attitudes to and the intention to purchase solar PV panels. In our study,
environmental values were mainly related to attitude, which predicts the intention to adopt. Wolske et al. [86] showed that irre-
spective of income differences, current solar PV adopters in the US were characterised by strong pro-environmental norms and a strong
propensity for early adoption.

As regards peer effect, many studies have confirmed that the propensity to install solar PV panels increases with the number of
previously installed systems in spatial proximity, due to social interactions among the individuals [40,41,67,87]. In a more recent
study in Sweden, by Mundaca & Samabhita [88], results showed that subsidies and peer effects were significant factors driving the
likelihood of adopting solar PV. Our findings indicate a moderate and significant bivariate association, but this disappears when other
determinants of intention to adopt are taken into account. Peer effects can play an important role when individuals learn from their
neighbours, friends and family how to use a technology, but the low adoption rate in Spain may partly explain the low peer effects
found in the present study. As noted in the diffusion of innovation theory [89], there are different stages in the decision to adopt a
technology: (1) 'not in decision mode’, (2) *deciding what to do’, (3) *deciding how to do it’, and (4) ’planning implementation’.
Diffusion in this context is described as a form of communication in which innovation is shared through various channels over time
among members of a social system. Thus, it is possible that peer effect plays a more important role at a later stage of decision-making.

The role of socio-demographics when predicting intention to adopt new energy technologies has long been discussed. Some au-
thors, such as Alipour et al. [26], suggested that the most frequently applied predictors (age, income, financial knowledge) are less
correlated with behaviour than are attitudinal traits. Our findings, nonetheless, indicate a key role for educational level. This sub-
stantiates the findings of some previous studies showing that the more highly educated are more likely to adopt solar PV [41,62,65].
The specific role of socio-demographic variables could be related to the socio-economic and cultural context of different countries, so
that in some contexts the explanatory power of some demographic variables in the purchase decision would be more important than in
others. This would explain the inconsistencies found in various previous studies. In the case of Spain, for example, where education
level seems to play an important role, it could be because a certain level of education is still needed to understand the financial costs
and benefits of solar PV systems (which is not available for those less educated).

This was also the case for the type of residence, which was revealed in our analysis as a crucial variable when studying the intention
to adopt solar PV. The meta-analysis by Schulte et al. [25] suggested the presence of a variety of moderating variables that could be
linked to, among others, the technical condition of the respondent’s house. However, our findings did not confirm those of some
previous studies, which reported that homeowners may be more likely to install than tenants [40,61,73].

12



R. Sala et al. Heliyon 11 (2025) e44167
5.3. Implications

These findings have important theoretical and practical implications. First, at the theoretical level, the usefulness of extending the
TPB has been confirmed because, although the variables of this model have important predictive power, there are other variables that
have also been shown to play a relevant role in predicting the intention to adopt solar PV panels, such as perceptions of benefits and
barriers. Therefore, it has been shown that there is a need to move towards more holistic models that provide a broader view of in-
dividual adoption of this technology.

Second, given the significance of attitudinal variables in the prediction of the intention to adopt solar PV, it would be important to
consider these variables in communication campaigns, to better orientate marketing efforts. By this we mean that when it comes to
explaining why people want to adopt this technology, the attitudinal part (i.e., people’s mental disposition) is very important. Sub-
jective norms, i.e., each person’s individual perception of what is right or wrong, also play a role. Thus, we cannot limit the prediction
of behaviour solely to the actual costs and benefits. As highlighted by Ahmed et al. [83], attitude is the ideal attribute to measure when
determining intention and later solar PV adoption by consumers. This is why it was suggested that attitude is a crucial determinant of
intention to use solar PV.

Based on our findings, we tentatively suggest some implications for public communication on solar PV panels, that could benefit
marketers or companies in the renewable energy sector when it comes to strengthening promotion strategies linked to solar PV. Market
communication campaigns may use subjective norms in order to increase the intention among the general population to buy this
technology, by showing that it is the right thing to do both for the environment and the household economy. Our model showed that
the perceived economic and environmental benefits of solar PV adoption may have the greatest direct impact on people’s intention to
adopt this technology. Therefore, the perception of economic and environmental benefits is likely to increase adoption, while denial of
difficulties or (non-economic) barriers will reduce it. In order to instil a positive attitude towards the technology, campaigns might
emphasise the accrual of technology benefits, both economic and environmental, and the reduction of non-economic barriers. As
suggested by Lundheim et al. [37], these results provide suggestions for shaping pro-solar PV messages for the target group of people
who are positive towards solar panels but have not yet decided to install. Taking our findings into account, people with a university
degree could be a first and easier target for communication campaigns, as well as those living in a house instead of a flat.

Our findings might also be helpful to policymakers in the formulation of evidence-based policies. Policymakers might consider the
need to take the social dimension into account when designing, implementing and evaluating public policies for energy transition.
After all, citizens are the end users of renewable technologies, so it is very important to know why people decide to buy a technology
and why they don’t.

In this case, the model revealed that perceived benefits are more important than barriers in predicting adoption intention. In this
sense, public policies must be directed towards promoting and facilitating these benefits, both environmental and economic. For
example, if public policies make it easier for those who adopt the technology to reap better and faster economic benefits, the adoption
rate is likely to increase.

5.4. Limitations and future research recommendations

We would like to highlight some weaknesses in our study. Regarding the scope of work, we may have overlooked some other
potentially relevant attitudinal variables that have been pointed out in the pre-existing literature, such as novelty seeking, techno-
logical affinity, awareness and knowledge. Nonetheless, these variables go beyond the parameters of our project.

Regarding the sample, we focused on the general population of non-adopters but, in fact, not all the participants had a realistic
possibility of installing solar PV at home. For instance, some of them were not owners of their property and others lived in a flat or an
apartment, where it is more difficult to install. As in other previous studies worldwide [21,45,77,90], we focused on non-adopters,
because this target population is the most interesting for industry and policy makers as future potential adopters of this technol-
ogy. This could narrow the generalisability of our findings to the whole population (that includes adopters and non-adopters).
Nevertheless, our results can be generalised to any western culture similar to Spain and with similar cultural context, energy pol-
icies, or climatic conditions.

Regarding the design of the survey, we used single-item measures for the constructs of the TPB model. Although it is considered
reasonable to develop a single-item measure when the construct is concrete and well defined [91], it is not possible to contrast the
reliability of these measures with other constructs in which the multi-item approach has been used.

Regarding the method, there is possible bias associated to the use of self-reported measurements. However, social desirability was
counterbalanced by the anonymity and by the fact that there is no financial or other reward for particular responses. Future longi-
tudinal studies would be beneficial to study the well know gap between self-reported intentions and real adoption behaviour.

Finally, there remain several avenues for future research. First, the study of and comparison among a sample of adopters would be
of great interest. As suggested by Vasseur & Kemp [85] there could be relevant differences among them in terms of what they value
more (benefits or costs). It would also be interesting to assess what kind of benefits are more powerful when considering the adoption
of solar PV. In that sense, Schelly & Letzelter [92] find that, for adopters, environmental motivations were slightly more important than
economics. Conversely, Zander et al. [93] revealed that economic considerations were of higher importance than environmental
motivations. Similarly, Scheller et al. [51] reported that while environmental benefits are important in developing positive attitudes
towards low carbon technologies, the perceived financial benefits associated with the technology become a more crucial evaluative
criterion as homeowners progress through the decision-making process.

In carrying out survey experiments, such as the one developed by Wolske et al. [86] or Mundaca & Samabhita [88] in Sweden, it
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would be interesting to explore the effects of message framing on consumer behaviour. Economic factors, environmental respon-
siveness, and social norms could be explored as potentially effective message frames. Additionally, experimental studies on the impact
of financial literacy and innovation-seeking behaviour would provide valuable insights.

In future studies, it would also be interesting to explore the role of different population profiles in terms of socio-demographics and
house characteristics, as well as studying regional and cultural inclinations towards solar PV panels by means of cross-country
comparative studies. As suggested by Wolske et al. [86], ‘tailoring messages to targeted consumer segments may be more effective
than attempts to market the financial benefits of PV to broad audiences’. Moreover, a detailed analysis of the cost-benefit ratio of
installing solar PV systems would perfectly complement attitudinal studies.

CRediT authorship contribution statement

Roser Sala: Writing — original draft, Project administration, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. Silvia German: Writing — original draft, Methodology, Investigation, Conceptualization, Data curation, Writing —
review & editing. M. Carmen Alonso-Garcia: Writing — original draft, Supervision, Project administration, Funding acquisition,
Conceptualization, Methodology, Writing — review & editing. Félix Garcia-Rosillo: Writing — review & editing, Conceptualization,
Methodology, Validation, Writing — original draft. José- Blas Navarro: Writing — original draft, Methodology, Formal analysis, Data
curation, Writing — review & editing.

Declarations

The authors declare that they did not use AI or Al-assisted technologies in the writing process of this manuscript.
Data availability statement

Data are available on request.
Funding

This work is part of the grant PID2020-118417RB-C21 funded by MCIN/AEI/10.13039/501100011033.

Declaration of competing interest

The authors declare the following financial interests/personal relationships which may be considered as potential competing
interests:

Roser Sala reports financial support was provided by Spain Ministry of Science and Innovation. If there are other authors, they
declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work
reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2025.e44167.

References

[1] L.F. Cabeza, Q. Bai, P. Bertoldi, J.M. Kihila, A.F.P. Lucena, E. Mata, S. Mirasgedis, A. Novikova, Y. Saheb, Buildings, in: P.R. Shukla, J. Skea, R. Slade, A. Al
Khourdajie, R. Van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R. Fradera, M. Belkacemi, A. Hasija, G. Lisboa, S. Luz, J. Malley (Eds.), IPCC, 2022:
Climate Change 2022: Mitigation of Climate Change. Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change, Cambridge University Press, Cambridge, UK and New York, NY, USA, 2022.

International Energy Agency IEA. World Energy Outlook, 2023, p. 82. https://www.iea.org/reports/world-energy-outlook-2023 (Accessed 16 September 2025)
2023.

[3] International Energy Agency IEA. Buildings, 2022. https://www.iea.org/energy-system/buildings (Accessed 16 September 2025).

[4] International Energy Agency IEA, Trends in photovoltaic applications. https://iea-pvps.org/trends_reports/trends-2023/, 2023. (Accessed 16 September 2025),
2023.

SolarPower Europe, Global market outlook for solar power 2023-2027. https://www.solarpowereurope.org/insights/market-outlooks/global-market-outlook-
for-solar-power-2023-2027-1, 2023. (Accessed 16 September 2025).

International Energy Agency IEA, Snapshot of global PV markets. https://iea-pvps.org/wp-content/uploads/2023/04/IEA_PVPS _Snapshot_2023.pdf, 2023.
(Accessed 16 September 2025), 2023.

Ministerio de Agricultura, Pesca y Alimentacién, S.G. de Analisis, Coordinacién y Estadistica, Extension de los parques fotovoltaicos en Espana: andlisis y
Prospectiva. https://www.mapa.gob.es/dam/mapa/contenido/ministerio/servicios/servicios-de-informacion/analisis-y-prospectiva/ayp-serie-agrinfo/ayp_37_
parquefotovoltaico.pdf, 2024. (Accessed 16 September 2025).

Instituto Nacional de Estadistica INE, Censo de poblacion. 1 de enero de. https://www.ine.es/prensa/censo_2022_2023.pdf, 2023. (Accessed 16 September
2025), 2023.

[2

—

[5

—

[6

[}

[7

—

[8

—

14


https://doi.org/10.1016/j.heliyon.2025.e44167
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref1
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref1
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref1
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref1
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/energy-system/buildings
https://iea-pvps.org/trends_reports/trends-2023/
https://www.solarpowereurope.org/insights/market-outlooks/global-market-outlook-for-solar-power-2023-2027-1
https://www.solarpowereurope.org/insights/market-outlooks/global-market-outlook-for-solar-power-2023-2027-1
https://iea-pvps.org/wp-content/uploads/2023/04/IEA_PVPS_Snapshot_2023.pdf
https://www.mapa.gob.es/dam/mapa/contenido/ministerio/servicios/servicios-de-informacion/analisis-y-prospectiva/ayp-serie-agrinfo/ayp_37_parquefotovoltaico.pdf
https://www.mapa.gob.es/dam/mapa/contenido/ministerio/servicios/servicios-de-informacion/analisis-y-prospectiva/ayp-serie-agrinfo/ayp_37_parquefotovoltaico.pdf
https://www.ine.es/prensa/censo_2022_2023.pdf

R. Sala et al. Heliyon 11 (2025) e44167

[9] UNEF, En 2023 se instalaron en Espana 1.706 MW de autoconsumo fotovoltaico. https://www.unef.es/es/comunicacion/comunicacion-post/en-2023-se-
instalaron-en-espana-1706-mw-de-autoconsumo-fotovoltaico, 2024. (Accessed 16 September 2025).

[10] Gobierno de Espana, Real Decreto-ley 6/2022, de 29 de marzo, por el que se adoptan medidas urgentes en el marco del Plan Nacional de respuesta a las
consecuencias economicas y sociales de la guerra en Ucrania, Boletin Oficial del Estado, 2022. N° 76, 30 March 2022 [internet], https://www.boe.es/buscar/
act.php?id=BOE-A-2022-4972. (Accessed 16 September 2025).

[11] Gobierno de Espana, Real Decreto-ley 18/2022, de 18 de octubre, por el que se aprueban medidas de refuerzo de la proteccién de los consumidores de energia y
de contribucién a la reduccion del consumo de gas natural en aplicacion del “Plan + seguridad para tu energia (+SE)”, asi como medidas en materia de
retribuciones del personal al servicio del sector piblico y de proteccion de las personas trabajadoras agrarias eventuales afectadas por la sequia, Boletin Oficial
del Estado, 2022, p. 14. N° 251, https://www.boe.es/buscar/act.php?id=BOE-A-2022-17040. (Accessed 16 September 2025).

[12] Gobierno de Espafia, Real Decreto 477/2021, de 29 de junio, por el que se aprueba la concesion directa a las comunidades auténomas y a las ciudades de Ceuta y
Melilla de ayudas para la ejecucion de diversos programas de incentivos ligados al autoconsumo y al almacenamiento, con fuentes de energia renovable, asi
como a la implantacién de sistemas térmicos renovables en el sector residencial, en el marco del Plan de Recuperacion, Transformacion y Resiliencia, Boletin
Oficial del Estado, 2021, p. 77996. N° 155, Sec. I, https://www.boe.es/diario_boe/txt.php?id=BOE-A-2021-10824. (Accessed 16 September 2025).

[13] SotySolar, Subvenciones para placas solares en Espana 2025. https://sotysolar.es/placas-solares/subvenciones, 2025. (Accessed 16 September 2025).

[14] Alianza por el Autoconsumo, Autoconsumo en Espana: diagndstico, retos y propuestas. https://alianzaautoconsumo.org/wp-content/uploads/2020/10/
informe-autoconsumo_PAGf.pdf, 2020. (Accessed 16 September 2025).

[15] International Energy Agency IEA, National survey report of PV power applications in Spain 2022. https://iea-pvps.org/wp-content/uploads/2023/08/National-
Survey-Report-of-PV-Power-Applications-in-Spain-2022.pdf, 2022. (Accessed 16 September 2025).

[16] N.S. Pérez, J. Alonso-Montesinos, Economic and environmental solutions for the PV solar energy potential in Spain, J. Clean. Prod. 413 (2023) 137489, https://
doi.org/10.1016/j.jclepro.2023.137489.

[17] D. Lugo-Laguna, A. Arcos-Vargas, F. Nunez-Hernandez, A European assessment of the solar energy cost: key factors and optimal technology, Sustainability 13
(2021) 3238, https://doi.org/10.3390/sul3063238.

[18] 1. Ajzen, The theory of planned behavior, Organ. Behav. Hum. Decis. Process. 50 (2) (1991) 179-211, https://doi.org/10.1016/0749-5978(91)90020-T.

[19] 1. Ajzen, Perceived behavioral control, self-efficacy, locus of control, and the theory of planned behavior 1, J. Appl. Soc. Psychol. 32 (4) (2002) 665-683,
https://doi.org/10.1111/j.1559-1816.2002.tb00236.x.

[20] M. Irfan, Z.Y. Zhao, H. Li, A. Rehman, The influence of consumers’ intention factors on willingness to pay for renewable energy: a structural equation modeling
approach, Environ. Sci. Pollut. Res. 27 (17) (2020) 21747-21761, https://doi.org/10.1007/s11356-020-08592-9.

[21] J. Abreu, N. Wingartz, N. Hardy, New trends in solar: a comparative study assessing the attitudes towards the adoption of rooftop PV, Energy Policy 128 (2019)
347-363, https://doi.org/10.1016/j.enpol.2018.12.038.

[22] P.C. Sun, H.M. Wang, H.L. Huang, C.W. Ho, Consumer attitude and purchase intention toward rooftop photovoltaic installation: the roles of personal trait,
psychological benefit, and government incentives, Energy Environ. 31 (1) (2020) 21-39, https://doi.org/10.1177/0958305X17754278.

[23] L. Korcaj, U.J. Hahnel, H. Spada, Intentions to adopt photovoltaic systems depend on homeowners’ expected personal gains and behavior of peers, Renew.
Energy 75 (2015) 407-415, https://doi.org/10.1016/j.renene.2014.10.007.

[24] S.R. Shakeel, A. Rajala, Factors influencing households’ intention to adopt solar PV: a systematic review, in: Advances in Human Factors, Business Management
and Leadership: Proceedings of the AHFE 2020 Virtual Conferences on Human Factors, Business Management and Society, and Human Factors in Management
and Leadership 2020, July 16-20; USA, Springer International Publishing, 2020, pp. 282-289.

[25] E. Schulte, F. Scheller, D. Sloot, T. Bruckner, A meta-analysis of residential PV adoption: the important role of perceived benefits, intentions and antecedents in
solar energy acceptance, Energy Res. Social Sci. 84 (2022) 102339, https://doi.org/10.1016/j.erss.2021.102339.

[26] M. Alipour, H. Salim, R.A. Stewart, O. Sahin, Predictors, taxonomy of predictors, and correlations of predictors with the decision behaviour of residential solar
photovoltaics adoption: a review, Renew. Sustain. Energy Rev. 123 (2020) 109749, https://doi.org/10.1016/j.rser.2020.109749.

[27] M. Alipour, H. Salim, R.A. Stewart, O. Sahin, Residential solar photovoltaic adoption behaviour: end-to-end review of theories, methods and approaches, Renew.
Energy 170 (2021) 471-486, https://doi.org/10.1016/j.renene.2021.01.128.

[28] N. Nurwidiana, B.M. Sopha, A. Widyaparaga, Modelling photovoltaic system adoption for households: a systematic literature review, Evergreen 8 (1) (2021)
69-81, https://doi.org/10.5109/4372262.

[29] C.F. Chen, X. Xu, S. Frey, Who wants solar water heaters and alternative fuel vehicles? Assessing social-psychological predictors of adoption intention and policy
support in China, Energy Res. Social Sci. 15 (2016) 1-11, https://doi.org/10.1016/j.erss.2016.02.006.

[30] M.A. Fauzi, N.H.Z. Abidin, N.M. Suki, A.M.A. Budiea, Residential rooftop solar panel adoption behavior: bibliometric analysis of the past and future trends,
Renew. Energy Focus 45 (2023) 1-9, https://doi.org/10.1016/].ref.2023.02.002.

[31] F.D. Davis, R.P. Bagozzi, P.R. Warshaw, User acceptance of computer technology: a comparison of two theoretical models, Manag. Sci. 35 (8) (1989) 982-1003,
https://doi.org/10.1287/mnsc.35.8.982.

[32] V. Venkatesh, M.G. Morris, G.B. Davis, F.D. Davis, User acceptance of information technology: toward a unified view, MIS Q. 27 (3) (2003) 425-478, https://
doi.org/10.2307/30036540.

[33] M. Fishbein, I. Ajzen, Belief, Attitude, Intention and Behavior: an Introduction to Theory and Research, Addison-Wesley, Reading, MA, 1975.

[34] 1. Ajzen, N.G. Cote, Attitudes and the prediction of behavior, Attitudes and attitude change 13 (2008) 289-311.

[35] O. Fatoki, Determinants of intention to purchase photovoltaic panel system: an integration of technology acceptance model and theory of planned behaviour,
Int. J. Energy Econ. Pol. 12 (3) (2022) 432440, https://doi.org/10.32479/ijeep.12931.

[36] S. Ahmad, Tahar RB. Mat, J.K. Cheng, L. Yao, Public acceptance of residential solar photovoltaic technology in Malaysia, PSU Res. Rev. 1 (3) (2017) 242-254,
https://doi.org/10.1108/PRR-11-2016-0009.

[37]1 S.H. Lundheim, S. Vesely, A. Nayum, C.A. Klockner, From vague interest to strong intentions to install solar panels on private homes in the North-An analysis of
psychological drivers, Renew. Energy 165 (2021) 455-463, https://doi.org/10.1016/j.renene.2020.11.034.

[38] K. Jayaraman, L. Paramasivan, S. Kiumarsi, Reasons for low penetration on the purchase of photovoltaic (PV) panel system among Malaysian landed property
owners, Renew. Sustain. Energy Rev. 80 (2017) 562-571, https://doi.org/10.1016/j.rser.2017.05.213.

[39] M. Engelken, B. Romer, M. Drescher, I. Welpe, Why homeowners strive for energy self-supply and how policy makers can influence them, Energy Policy 117
(2018) 423-433, https://doi.org/10.1016/j.enpol.2018.02.026.

[40] M. Graziano, K. Gillingham, Spatial patterns of solar photovoltaic system adoption: the influence of neighbors and the built environment, J. Econ. Geogr. 15 (4)
(2015) 815-839, https://doi.org/10.1093/jeg/Ibu036.

[41] B. Bollinger, K. Gillingham, Peer effects in the diffusion of solar photovoltaic panels, Mark. Sci. 31 (6) (2012) 900-912, https://doi.org/10.1287/
mksc.1120.0727.

[42] A. Palm, Peer effects in residential solar photovoltaics adoption - a mixed methods study of Swedish users, Energy Res. Social Sci. 26 (2017) 1-10, https://doi.
org/10.1016/j.erss.2017.01.008.

[43] J. Rode, S. Miiller, I spot, i adopt! peer effects and visibility in solar photovoltaic system adoption of households. Research Papers in Economics, 2021, https://
doi.org/10.2139/ssrn.3469548.

[44] F. Scheller, I. Doser, E. Schulte, S. Johanning, R. McKenna, T. Bruckner, Stakeholder dynamics in residential solar energy adoption: findings from focus group
discussions in Germany, Energy Res. Social Sci. 76 (2021) 102065, https://doi.org/10.1016/j.erss.2021.102065.

[45] B. Petrovich, S.L. Hille, R. Wiistenhagen, Beauty and the budget: a segmentation of residential solar adopters, Ecol. Econ. 164 (2019) 106353, https://doi.org/
10.1016/j.ecolecon.2019.106353.

[46] K.K. Chen, Assessing the effects of customer innovativeness, environmental value and ecological lifestyles on residential solar power systems install intention,
Energy Policy 67 (2014) 951-961, https://doi.org/10.1016/j.enpol.2013.12.005.

[47] M. Takala, Environmental awareness and human activity, Int. J. Psychol. 26 (1991) 585-597, https://doi.org/10.1080/00207599108247146.

15


https://www.unef.es/es/comunicacion/comunicacion-post/en-2023-se-instalaron-en-espana-1706-mw-de-autoconsumo-fotovoltaico
https://www.unef.es/es/comunicacion/comunicacion-post/en-2023-se-instalaron-en-espana-1706-mw-de-autoconsumo-fotovoltaico
https://www.boe.es/buscar/act.php?id=BOE-A-2022-4972
https://www.boe.es/buscar/act.php?id=BOE-A-2022-4972
https://www.boe.es/buscar/act.php?id=BOE-A-2022-17040
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2021-10824
https://sotysolar.es/placas-solares/subvenciones
https://alianzaautoconsumo.org/wp-content/uploads/2020/10/informe-autoconsumo_PAGf.pdf
https://alianzaautoconsumo.org/wp-content/uploads/2020/10/informe-autoconsumo_PAGf.pdf
https://iea-pvps.org/wp-content/uploads/2023/08/National-Survey-Report-of-PV-Power-Applications-in-Spain-2022.pdf
https://iea-pvps.org/wp-content/uploads/2023/08/National-Survey-Report-of-PV-Power-Applications-in-Spain-2022.pdf
https://doi.org/10.1016/j.jclepro.2023.137489
https://doi.org/10.1016/j.jclepro.2023.137489
https://doi.org/10.3390/su13063238
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1111/j.1559-1816.2002.tb00236.x
https://doi.org/10.1007/s11356-020-08592-9
https://doi.org/10.1016/j.enpol.2018.12.038
https://doi.org/10.1177/0958305X17754278
https://doi.org/10.1016/j.renene.2014.10.007
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref24
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref24
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref24
https://doi.org/10.1016/j.erss.2021.102339
https://doi.org/10.1016/j.rser.2020.109749
https://doi.org/10.1016/j.renene.2021.01.128
https://doi.org/10.5109/4372262
https://doi.org/10.1016/j.erss.2016.02.006
https://doi.org/10.1016/j.ref.2023.02.002
https://doi.org/10.1287/mnsc.35.8.982
https://doi.org/10.2307/30036540
https://doi.org/10.2307/30036540
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref33
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref34
https://doi.org/10.32479/ijeep.12931
https://doi.org/10.1108/PRR-11-2016-0009
https://doi.org/10.1016/j.renene.2020.11.034
https://doi.org/10.1016/j.rser.2017.05.213
https://doi.org/10.1016/j.enpol.2018.02.026
https://doi.org/10.1093/jeg/lbu036
https://doi.org/10.1287/mksc.1120.0727
https://doi.org/10.1287/mksc.1120.0727
https://doi.org/10.1016/j.erss.2017.01.008
https://doi.org/10.1016/j.erss.2017.01.008
https://doi.org/10.2139/ssrn.3469548
https://doi.org/10.2139/ssrn.3469548
https://doi.org/10.1016/j.erss.2021.102065
https://doi.org/10.1016/j.ecolecon.2019.106353
https://doi.org/10.1016/j.ecolecon.2019.106353
https://doi.org/10.1016/j.enpol.2013.12.005
https://doi.org/10.1080/00207599108247146

R. Sala et al.

[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]

[72]

[73]
[74]
[75]
[76]
[77]

[78]
[79]

[80]

[81]
[82]

[83]
[84]
[85]
[86]

[87]

Heliyon 11 (2025) e44167

W.H. Zhang, L.C. Chou, M. Chen, Consumer perception and use intention for household distributed photovoltaic systems, Sustain. Energy Technol. Assessments
51 (2022) 101895, https://doi.org/10.1016/j.seta.2021.101895.

V. Rai, A.L. Beck, Public perceptions and information gaps in solar energy in Texas, Environ. Res. Lett. 10 (7) (2015) 074011, https://doi.org/10.1088/1748-
9326/10/7/074011.

P.C. Sun, H.M. Wang, H.L. Huang, C.W. Ho, Consumer attitude and purchase intention toward rooftop photovoltaic installation: the roles of personal trait,
psychological benefit, and government incentives, Energy Environ. 31 (1) (2020) 21-39, https://doi.org/10.1177/0958305X17754278.

F. Scheller, K. Morrissey, K. Neuhoff, D. Keles, Green or greedy: the relationship between perceived benefits and homeowners’ intention to adopt residential low-
carbon technologies, Energy Res. Social Sci. 108 (2024) 103388, https://doi.org/10.1016/].erss.2023.103388.

AJ. de A. Filgueira, A.C. Lima, J.S.F. Castelo, Adoption intention of photovoltaic solar systems, Revista de Administracao da UFSM 15 (2022) 137-157, https://
doi.org/10.5902/1983465967199.

M. Bilal, E. Andajani, Factors affecting the intention to use roof solar panel in households in Indonesia, ADI J. recent Innovat. 5 (1) (2023) 25-33, https://doi.
org/10.34306/ajri.v5i1.895.

K.S. Wolske, P.C. Stern, T. Dietz, Explaining interest in adopting residential solar photovoltaic systems in the United States: toward an integration of behavioral
theories, Energy Res. Social Sci. 25 (2017) 134-151, https://doi.org/10.1016/j.erss.2016.12.023.

D. Pefialoza, E. Mata, N. Fransson, H. Fridén, A. Samperio, A. Quijano, A. Cuneo, Social and market acceptance of photovoltaic panels and heat pumps in
Europe: a literature review and survey, Renew. Sustain. Energy Rev. 155 (2022) 111867, https://doi.org/10.1016/j.rser.2021.111867.

E. Karakaya, P. Sriwannawit, Barriers to the adoption of photovoltaic systems: the state of the art, Renew. Sustain. Energy Rev. 49 (2015) 60-66, https://doi.
org/10.1016/j.rser.2015.04.058.

J.R. Parkins, C. Rollins, S. Anders, L. Comeau, Predicting intention to adopt solar technology in Canada: the role of knowledge, public engagement, and
visibility, Energy Policy 114 (2018) 114-122, https://doi.org/10.1016/j.enpol.2017.11.050.

P. Arroyo, L. Carrete, Motivational drivers for the adoption of green energy: the case of purchasing photovoltaic systems, Manag. Res. Rev. 42 (5) (2019)
542-567, https://doi.org/10.1108/MRR-02-2018-0070.

N.S.N.A. Aziz, N.A. Wahid, M.A. Sallam, S.K. Ariffin, Factors influencing Malaysian consumers’ intention to purchase green energy: the case of solar panel, Glob.
Bus. Manag. Res. 9 (4s) (2017) 328-346.

T. Islam, Household level innovation diffusion model of photo-voltaic (PV) solar cells from stated preference data, Energy Policy 65 (2014) 340-350, https://
doi.org/10.1016/j.enpol.2013.10.004.

M. Briguglio, G. Formosa, When households go solar: determinants of uptake of a photovoltaic scheme and policy insights, Energy Policy 108 (2017) 154-162,
https://doi.org/10.1016/j.enpol.2017.05.039.

S. Dharshing, Household dynamics of technology adoption: a spatial econometric analysis of residential solar photovoltaic (PV) systems in Germany, Energy
Res. Social Sci. 23 (2017) 113-124, https://doi.org/10.1016/].erss.2016.10.012.

S. Jirakiattikul, T.T. Lan, K. Techato, Advancing households’ sustainable energy through gender attitudes towards rooftop PV installations: a case of the central
Highlands, Vietnam, Sustainability 13 (2) (2021) 942, https://doi.org/10.3390/5u13020942.

A. Jacksohn, P. Grosche, K. Rehdanz, C. Schroder, Drivers of renewable technology adoption in the household sector, Energy Econ. 81 (2019) 216-226, https://
doi.org/10.1016/j.eneco.2019.04.001.

N. Balta-Ozkan, J. Yildirim, P.M. Connor, I. Truckell, P. Hart, Energy transition at local level: analyzing the role of peer effects and socio-economic factors on UK
solar photovoltaic deployment, Energy Policy 148 (2021) 112004, https://doi.org/10.1016/j.enpol.2020.112004.

B. Sigrin, J. Pless, E. Drury, Diffusion into new markets: evolving customer segments in the solar photovoltaics market, Environ. Res. Lett. 10 (8) (2015) 084001,
https://doi.org/10.1088/1748-9326,/10/8/084001.

J. Rode, A. Weber, Does localized imitation drive technology adoption? A case study on rooftop photovoltaic systems in Germany, J. Environ. Econ. Manag. 78
(2016) 38-48, https://doi.org/10.1016/j.jeem.2016.02.001.

A.M. Ashour, T.I. Mohamad, S.M. Azeem, S.P. Thomas, Y.A. Aina, K. Sopian, A. Ibrahim, Deployment of rooftop solar photovoltaic electrification for residential
buildings in an industrial city: a study on public perception and acceptance, Int. J. Renew. Energy Resour. 11 (2) (2021) 945-951.

G. Simpson, J. Clifton, Testing diffusion of innovations theory with data: financial incentives, early adopters, and distributed solar energy in Australia, Energy
Res. Social Sci. 29 (2017) 12-22, https://doi.org/10.1016/j.erss.2017.04.005.

A. Bashiri, S.H. Alizadeh, The analysis of demographics, environmental and knowledge factors affecting prospective residential PV system adoption: a study in
Tehran, Renew. Sustain. Energy Rev. 81 (2018) 3131-3139, https://doi.org/10.1016/].rser.2017.08.093.

R. Galvin, I'll follow the sun: geo-sociotechnical constraints on prosumer households in Germany, Energy Res. Social Sci. 65 (2020) 101455, https://doi.org/
10.1016/j.erss.2020.101455.

A. Baranzini, S. Carattini, M. Péclat, What drives social contagion in the adoption of solar photovoltaic technology, [Working Paper No. 270], Grantham
Research Institute on Climate Change and the Environment, London, 2017. https://www.lIse.ac.uk/granthaminstitute/wp-content/uploads/2017/07/Working-
Paper-270-Barranzini-et-al.pdf.

J. Sommerfeld, L. Buys, D. Vine, Residential consumers’ experiences in the adoption and use of solar PV, Energy Policy 105 (2017) 10-16, https://doi.org/
10.1016/j.enpol.2017.02.021.

M.C. Claudy, C. Michelsen, A. O’Driscoll, The diffusion of microgeneration technologies—assessing the influence of perceived product characteristics on home
owners’ willingness to pay, Energy Policy 39 (3) (2011) 1459-1469, https://doi.org/10.1016/j.enpol.2010.12.018.

Instituto Nacional de Estadistica INE, Poblacion residente por fecha, sexo y edad en, https://ine.es/jaxiT3/Tabla.htm?t=569342023, 2023. (Accessed 16
September 2025).

M.C. Claudy, M. Peterson, A. O’Driscoll, Understanding the attitude-behavior gap for renewable energy systems using behavioral reasoning theory,

J. Macromarketing 33 (4) (2013) 273-287, https://doi.org/10.1177/0276146713481605.

S.S. Alam, M. Ahmad, A.S. Othman, Z.B.H. Shaari, M. Masukujjaman, Factors affecting photovoltaic solar technology usage intention among households in
Malaysia: model integration and empirical validation, Sustainability 13 (4) (2021) 1773, https://doi.org/10.3390/su13041773.

D.W. Hosmer, S. Lemeshow, R.X. Sturdivant, Applied Logistic Regression, third ed., John Wiley and Sons, New York, 2013.

R.B. Kline, Promise and pitfalls of structural equation modeling in gifted research, in: B. Thompson, R. Subotnik (Eds.), Methodologies for Conducting Research
on Giftedness, American Psychiatric Association, Philadelphia, PA, 2010, pp. 147-169.

A.B. Taylor, D.P. MacKinnon, J.Y. Tein, Tests of the three-path mediated effect, Organ. Res. Methods 11 (2) (2008) 241-269, https://doi.org/10.1177/
1094428107300344.

H.F. Kaiser, An index of factorial simplicity, Psychometrika 39 (1974) 31-36, https://doi.org/10.1007/BF02291575.

J. Hair, M. Ringle, M. Sarstedt, Partial least squares structural equation modeling: rigorous applications, better results and higher acceptance, Long. Range Plan.
46 (2013) 1-12. https://ssrn.com/abstract=2233795. (Accessed 16 September 2025), 2013.

Y.A. Ahmed, A. Rashid, M.M. Khurshid, Investigating the determinants of the adoption of solar photovoltaic systems - citizen’s perspectives of two developing
countries, Sustainability 14 (18) (2022) 11764, https://doi.org/10.3390/5u141811764.

C.A. Klockner, A. Nayum, Specific barriers and drivers in different stages of decision-making about energy efficiency upgrades in private homes, Front. Psychol.
7 (2016) 1362, https://doi.org/10.3389/fpsyg.2016.01362.

V. Vasseur, R. Kemp, The adoption of PV in the Netherlands: a statistical analysis of adoption factors, Renew. Sustain. Energy Rev. 41 (2015) 483-494, https://
doi.org/10.1016/j.rser.2014.08.020.

K.S. Wolske, A. Todd, M. Rossol, J. McCall, B. Sigrin, Accelerating demand for residential solar photovoltaics: can simple framing strategies increase consumer
interest? Glob. Environ. Change 53 (2018) 68-77, https://doi.org/10.1016/j.gloenvcha.2018.08.005.

L.L. Richter, Social effects in the diffusion of solar photovoltaic technology in the UK, in: Cambridge Working Paper in Economics 1357. Energy Policy Research
Group Working Paper 1332, 2013, https://doi.org/10.17863/CAM.5680.

16


https://doi.org/10.1016/j.seta.2021.101895
https://doi.org/10.1088/1748-9326/10/7/074011
https://doi.org/10.1088/1748-9326/10/7/074011
https://doi.org/10.1177/0958305X17754278
https://doi.org/10.1016/j.erss.2023.103388
https://doi.org/10.5902/1983465967199
https://doi.org/10.5902/1983465967199
https://doi.org/10.34306/ajri.v5i1.895
https://doi.org/10.34306/ajri.v5i1.895
https://doi.org/10.1016/j.erss.2016.12.023
https://doi.org/10.1016/j.rser.2021.111867
https://doi.org/10.1016/j.rser.2015.04.058
https://doi.org/10.1016/j.rser.2015.04.058
https://doi.org/10.1016/j.enpol.2017.11.050
https://doi.org/10.1108/MRR-02-2018-0070
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref59
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref59
https://doi.org/10.1016/j.enpol.2013.10.004
https://doi.org/10.1016/j.enpol.2013.10.004
https://doi.org/10.1016/j.enpol.2017.05.039
https://doi.org/10.1016/j.erss.2016.10.012
https://doi.org/10.3390/su13020942
https://doi.org/10.1016/j.eneco.2019.04.001
https://doi.org/10.1016/j.eneco.2019.04.001
https://doi.org/10.1016/j.enpol.2020.112004
https://doi.org/10.1088/1748-9326/10/8/084001
https://doi.org/10.1016/j.jeem.2016.02.001
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref68
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref68
https://doi.org/10.1016/j.erss.2017.04.005
https://doi.org/10.1016/j.rser.2017.08.093
https://doi.org/10.1016/j.erss.2020.101455
https://doi.org/10.1016/j.erss.2020.101455
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2017/07/Working-Paper-270-Barranzini-et-al.pdf
https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2017/07/Working-Paper-270-Barranzini-et-al.pdf
https://doi.org/10.1016/j.enpol.2017.02.021
https://doi.org/10.1016/j.enpol.2017.02.021
https://doi.org/10.1016/j.enpol.2010.12.018
https://ine.es/jaxiT3/Tabla.htm?t=569342023
https://doi.org/10.1177/0276146713481605
https://doi.org/10.3390/su13041773
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref78
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref79
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref79
https://doi.org/10.1177/1094428107300344
https://doi.org/10.1177/1094428107300344
https://doi.org/10.1007/BF02291575
https://ssrn.com/abstract=2233795
https://doi.org/10.3390/su141811764
https://doi.org/10.3389/fpsyg.2016.01362
https://doi.org/10.1016/j.rser.2014.08.020
https://doi.org/10.1016/j.rser.2014.08.020
https://doi.org/10.1016/j.gloenvcha.2018.08.005
https://doi.org/10.17863/CAM.5680

R. Sala et al. Heliyon 11 (2025) e44167

[88]
[89]
[90]
[91]
[92]

[93]

L. Mundaca, M. Samahita, What drives home solar PV uptake? Subsidies, peer effects and visibility in Sweden, Energy Res. Social Sci. 60 (2020) 101319,
https://doi.org/10.1016/j.erss.2019.101319.

E.M. Rogers, A. Singhal, M.M. Quinlan, Diffusion of Innovations. En: an Integrated Approach to Communication Theory and Research, Routledge, 2014,

pp. 432-448.

W.Y. Cheam, L.S. Lau, C.Y. Wei, Factors influencing the residence’s intention to adopt solar photovoltaic technology: a case study from Klang Valley, Malaysia,
Clean Energy 5 (2021) 464-473.

K. Konstabel, J.E. Lonngvist, S. Leikas, R.G. Velazquez, H. Qin, M. Verkasalo, G. Walkowitz, Measuring single constructs by single items: constructing an even
shorter version of the “Short Five” personality inventory, PLoS One 12 (8) (2017) 1-19, https://doi.org/10.1371/journal.pone.0182714.

C. Schelly, J.C. Letzelter, Examining the key drivers of residential solar adoption in upstate New York, Sustainability 12 (6) (2020) 2552, https://doi.org/
10.3390/s5u12062552.

K.K. Zander, G. Simpson, S. Mathew, R. Nepal, S.T. Garnett, Preferences for and potential impacts of financial incentives to install residential rooftop solar
photovoltaic systems in Australia, J. Clean. Prod. 230 (2019) 328-338, https://doi.org/10.1016/j.jclepro.2019.05.133.

17


https://doi.org/10.1016/j.erss.2019.101319
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref89
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref89
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref90
http://refhub.elsevier.com/S2405-8440(25)02570-8/sref90
https://doi.org/10.1371/journal.pone.0182714
https://doi.org/10.3390/su12062552
https://doi.org/10.3390/su12062552
https://doi.org/10.1016/j.jclepro.2019.05.133

	What does it matter? Analysing the role of attitudes to the adoption of solar photovoltaic technology in Spain
	1 Introduction
	1.1 Residential photovoltaics in Spain
	1.2 Solar PV adoption and the psychosocial dimension

	2 Theoretical framework
	2.1 Insights into the most recent research on residential solar PV intention to adopt
	2.2 Constructs
	2.2.1 Intention to adopt
	2.2.2 Attitude
	2.2.3 Subjective norms
	2.2.4 Perceived behavioural control
	2.2.5 Peer effects
	2.2.6 Environmental values
	2.2.7 Perceived benefits
	2.2.8 Perceived barriers
	2.2.9 Socio-demographic variables
	2.2.10 Housing characteristics


	3 Materials and methods
	3.1 Participants
	3.2 Measures
	3.3 Procedure
	3.4 Analytic approach

	4 Results
	4.1 Validity and reliability of the measurement model
	4.2 Predictive analysis of the intention to adopt solar PV panels
	4.3 Path analysis explaining the intention to adopt solar PV panels

	5 Discussion
	5.1 Overview
	5.2 Comparison with previous research findings
	5.3 Implications
	5.4 Limitations and future research recommendations

	CRediT authorship contribution statement
	Declarations
	Data availability statement
	Funding
	Declaration of competing interest
	Appendix A Supplementary data
	References


