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Abstract
Despite the rapid increase in the use of plug-in solar devices in Germany, the adoption drivers remain insufficiently dif-
ferentiated across consumer segments. The present study examines the impact of economic, technical, and ecological 
determinants on the adoption of the mini photovoltaic systems and compares the groups of owners (N = 111), interested 
(N = 110), and rejecters (N = 139) with each other, using a PLS-MGA. The findings indicate that technical aspects tend 
to be less influential compared to sustainability-related factors, notably sustainability expectations and pro-environmental 
behaviour, which are significant drivers for the adoption. Conversely, performance expectancy and social influence are 
more pronounced among the group of rejecters. These insights imply that effective promotional strategies must concur-
rently enhance sustainability motivation and reduce technological scepticism.
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Exploring the adoption of plug-in solar devices (‘balcony power 
plants’): the role of economic, technological, and ecological 
considerations among different consumer attitudes – an evidence 
from Germany

Khanh Nguyen1  · Simon Stahlschmidt2 · Bettina Lis1

Ministry of Justice and Consumer Protection, 2014) is one 
of the most important legal foundations for the expansion 
of electricity grids and storage capacities. The urgency to 
develop alternative energy sources became apparent with 
the energy crisis in 2022, triggered by the war in Ukraine 
and the loss of Russian gas supplies. Rising energy prices 
put considerable pressure on German politicians and forced 
them to act (Konopelko et al. 2023). As a result, support 
measures were increased and regulatory processes simpli-
fied in order to promote the expansion of solar and wind 
power significantly. This included the promotion of plug-
in solar devices for self-consumption of electricity (Federal 
Ministry for Economic Affairs and Climate Action 2021).

A plug-in solar device, also known as a balcony power 
plant or ‘mini photovoltaic system’, converts sunlight into 
climate-friendly household electricity. Technically, it is ‘a 
device consisting of a solar system or several solar systems, 
an inverter, a connection cable and a plug for connection 
to the final circuit of an end consumer’ (Federal Ministry 
of Justice and Consumer Protection, 2025). Unlike con-
ventional photovoltaic systems, the use of a plug-in solar 
device does not require a large area but can be installed as 
a small system on balconies, terraces, or other external wall 

1  Introduction

To implement the Paris Climate Agreement, the signatory 
states have formulated their own Nationally Determined 
Contributions (NDCs). These include national laws, support 
measures, and economic incentives to achieve the global 
climate targets (United Nations, 2016). Germany, being one 
of the countries committed to this, is already aiming for cli-
mate neutrality by 2045 - five years earlier than the agreed 
global target for CO2 neutrality (Federal Ministry for Eco-
nomic Affairs and Climate Action 2021). In order to achieve 
this goal, German climate policy is focusing in particular 
on the massive expansion of renewable energies. For exam-
ple, the electricity sector is to be converted to at least 80% 
renewable energy sources by 2030. The Renewable Energy 
Sources Act (‘Erneuerbare Energien Gesetz’) (Federal 
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surfaces. This means that tenants in apartment buildings in 
urban areas in particular, can install the solar modules and 
generate their own (green) electricity without having to use 
large areas (Valdivia-Sisniegas 2023). The installation of 
plug-in solar devices is also comparatively simple and can 
be done by the user, meaning that professional installation 
is not necessary (Gögelein et al. 2024). Connection to the 
domestic grid is just as simple. In the simplest case, only 
a plug is inserted into an existing socket. The electricity 
produced can then be used directly. How much electricity 
a plug-in solar device can generate depends on the location 
and the performance of the solar system (Valdivia-Sisniegas 
2023). If the solar modules are optimally aligned, a standard 
800-watt balcony power plant can generate approx. 500–600 
kWh of green electricity per year and is therefore able to 
cover approx. 20% of the electricity consumption of a two-
person household with an average electricity consumption 
of 2000 kWh per year (Solar storage systems research group 
HTW Berlin, 2024). The electricity generation costs from 
the solar system are significantly lower than the conven-
tional electricity procurement costs (Fraunhofer 2024). The 
fact that plug-in solar devices are comparatively inexpen-
sive, have a useful life of 20 to 30 years, and are subsidized 
by the state through tax breaks, makes switching to renew-
able energy particularly attractive to many private house-
holds from a financial perspective (Federal Environment 
Agency, 2025). According to the Federal Network Agency 
and its market master data register, more than 800,000 plug-
in solar devices have already been installed on German 
balconies and terraces since the beginning of 2025. Com-
pared to the previous year, the number of systems has thus 
doubled (Market master data register, 2025). At the inter-
national level, however, there is still potential for plug-in 
solar devices to penetrate the market. There is high demand 
in both the USA (Gerber et al. 2025) and Hungary (Molnár 
and Szép 2025), but grid-related challenges and regulatory 
hurdles are significantly hindering adoption. In Austria, on 
the other hand, plug-in solar devices are enjoying great pop-
ularity as part of the general photovoltaic boom, which is 
why thousands of mini-photovoltaic systems have already 
been installed on balconies and in gardens in the capital of 
Vienna (Pallinger 2024).

In the context of the increasing demand for plug-in solar 
devices, the following question is posed: Which influencing 
factors determine the adoption of plug-in solar devices and 
contribute to specifically promoting their use in the future? 
As far as we know, there have been no studies on the adop-
tion of the technology on the German market. In the interna-
tional context, Molnár and Szép (2025) have examined the 
adoption of plug-in solar devices for the Hungarian market 
using the Unified Theory of Acceptance and Use of Tech-
nology (UTAUT2).

Our study is part of the research field on the use of photo-
voltaic systems. We focus on mini-photovoltaic systems and 
examine the factors influencing the intention to use them. 
In doing so, we are contributing to the field of research that 
has only been scientifically investigated to a limited extent 
to date. In addition to the technical aspects, we also consider 
economic and ecological factors that lead to the intention to 
use, in order to obtain a more comprehensive overall picture. 
We also analyze the importance of these factors for different 
user groups, in order to gain differentiated insights into the 
adoption of plug-in solar devices. This understanding can 
help policymakers and industry representatives to develop 
more targeted promotional measures to further drive uptake 
and thus the energy transition.

Our paper is structured as follows: Firstly, the develop-
ment of plug-in solar devices in Germany will be outlined. 
The subsequent presentation of the theoretical foundations 
of technology adoption is then followed by a review of prior 
research on the acceptance of solar devices. Based on these 
insights, the conceptual framework is introduced, and the 
hypotheses are developed. The subsequent methodology 
section describes the sample, data collection process, and 
study design in detail. The results section reports the find-
ings of the PLS-SEM and PLS-MGA analyses. Finally, the 
paper discusses the theoretical and practical implications 
before concluding with a summary of the main results, a 
critical reflection on the study’s limitations, and directions 
for future research.

2  Theoretical background and literature 
review

2.1  The development of plug-in solar devices in 
Germany

Photovoltaic systems facilitate electricity generation with 
zero CO2 emissions, thereby contributing significantly to 
the energy transition (Best et al. 2019; Shakeel et al. 2023; 
Paramita et al. 2024). Plug-in solar devices are a subcat-
egory of this technology, characterized by their small foot-
print, manageable installation costs, and comparatively low 
purchase price (Gögelein et al. 2024). This leads to shorter 
payback periods compared to conventional roof systems, 
meaning a plug-in solar device can pay for itself in just three 
to ten years. Additionally, after a year or two, these devices 
generate as much energy as is required for their production 
and disposal (Federal Environment Agency, 2025; Solar 
storage systems research group HTW Berlin, 2024). From 
economic and ecological perspectives, plug-in solar devices 
are an efficient alternative for the decentralized generation 
of electricity (Fraunhofer 2024).
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Despite their advantages, the spread of plug-in solar 
devices in Germany was restricted for a long time due to the 
institutional and regulatory hurdles (VDE Association for 
Electrical, Electronic & Information Technologies,  2017). 
It was not until 2021, when the federal government recog-
nized their potential for generating electricity for personal 
use in densely populated urban areas, that administrative 
hurdles were removed, grid connection procedures were 
simplified, and financial incentives were created (Federal 
Ministry for Economic Affairs and Climate Action 2021). 
Political reforms (Federal Ministry for Economic Affairs 
and Energy, 2024) and technological product developments 
(Spaeth et al. 2023) have contributed to a growing share 
of self-consumption in solar electricity generation. Conse-
quently, the number of registered plug-in solar devices in 
Germany grew to nearly one million by early 2025 (Market 
master data register, 2025). This technology has been par-
ticularly successful in urban households with limited or no 
access to their own roof space (Valdivia-Sisniegas 2023), 
evolving from a niche technology to a viable alternative for 
renewable electricity generation.

2.2  Theoretical foundations of technology adoption

The field of technology adoption research has been sig-
nificantly influenced by psychological theories concerning 
human behavior. Among the most influential behavioral 
models are the Theory of Reasoned Action (TRA) by Fish-
bein and Ajzen (1975) and the Theory of Planned Behavior 
(TPB) by Ajzen (1985). The TRA explains behavioral inten-
tion and, consequently, behavior by assuming that attitude 
toward behavior and subjective norm are decisive factors 
(Fishbein and Ajzen 1975). The TPB extends the approach 
by incorporating perceived behavioral control, which is 
defined as the subjective perception of ease or difficulty in 
executing the behavior (Ajzen 1985).

In contrast to behavior-oriented perspectives, diffusion 
and technology acceptance models emphasize the percep-
tion and evaluation of innovation characteristics as key 
determinants of adoption. These include the Innovation Dif-
fusion Theory (IDT) (Rogers 2003), the Technology Accep-
tance Model (TAM) (Davis 1989), and the Unified Theory 
of Acceptance and Use of Technology (UTAUT/UTAUT2) 
(Venkatesh 2003, 2012).

Rogers’ IDT conceptualizes the adoption of an innova-
tion as a process by which it is spread through various com-
munication channels within a social system over time. The 
rate of adoption is influenced by the perceived attributes of 
the innovation: relative advantage, compatibility, complex-
ity, trialability, and observability (Rogers 2003).

In contrast, the TAM by Davis (1989) focuses on indi-
vidual cognitive evaluations of the technological attributes. 

The behavioral intention is determined by the attitude 
toward using, perceived usefulness, and perceived ease of 
use (Davis 1989).

However, when technologies are understood as socio-
technical systems, decisions about adoption go beyond 
technological perceptions and also include social influences, 
organizational, and facilitating conditions. The UTAUT 
approach by Venkatesh et al. (2003)  integrates these indi-
vidual, social, and contextual determinants into a unified 
framework. The key factors to be considered are perfor-
mance expectancy, effort expectancy, social influence, and 
facilitating conditions for examining the behavioral inten-
tion and the use behavior. To provide a more comprehen-
sive explanation of technology acceptance in the consumer 
use context, Venkatesh et al. (2012) expanded the original 
model to include hedonic motivation, price value, and habit 
in UTAUT2.

While these models differ in their emphasis, they share 
the assumption that adoption decisions are shaped by a 
combination of cognitive evaluations, social influences, 
and contextual conditions. These theoretical perspectives 
provide the conceptual foundation for analyzing consumer 
adoption behavior of photovoltaic systems.

2.3  Empirical evidence on household solar 
photovoltaic adoption

Research on plug-in solar devices has been addressing 
technical performance (Tian et al. 2023; Valdivia-Sisniegas 
2023; Gögelein et al. 2024), economic efficiency (Spaeth et 
al. 2023; Seme et al. 2024), and environmental sustainabil-
ity (Wirth 2025). However, there is a lack of research on the 
behavioral determinants of adoption. To address this gap, it 
is recommended that the extant literature on the adoption of 
privately used photovoltaic systems be consulted, as these 
systems have a similar technological basis.

In the context of TRA and TPB, the adoption of photo-
voltaic systems is influenced by individual motives such as 
the pursuit of social status, self-sufficiency, and financial 
benefits. However, high costs, expenses, and risks associ-
ated with solar systems have a negative influence on the 
attitude towards photovoltaics (Korcaj et al. 2015; Jacksohn 
et al. 2019; Le and Tran 2024). Additionally, studies dem-
onstrate that the attitude towards renewable technologies 
is influenced by green attributes like ecological beliefs 
and knowledge of renewable energies (Palm and Tengvard 
2011; Düştegör et al. 2018).

Empirical studies applying Rogers’ IDT to the adoption 
of photovoltaics have identified cost considerations as a cen-
tral determinant. As demonstrated by Qureshi et al. (2017) 
in the context of Pakistan and Simpson and Clifton (2017) 
with regard to Western Australia, financial aspects have been 
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identified as key drivers. However, Simpson and Clifton 
(2017) demonstrate that for early adopters, technical perfor-
mance and environmental considerations are more decisive 
than economic motives. Similarly, Kumar et al. (2024), using 
structural equation modeling in the Indian context, conclude 
that perceived technical and ecological benefits foster adop-
tion, whereas high upfront costs and insufficient financial 
incentives hinder it.

Various studies have been conducted on the interaction 
between users and photovoltaics, drawing upon the TAM. 
Empirical findings indicate that perceived usefulness and per-
ceived ease of use significantly influence attitude formation 
(Ahmad et al. 2017; Tsaur and Lin 2018; Bouaguel and Alsu-
limani 2022). In addition, environmental awareness strength-
ens attitudes toward adoption, reflecting the relevance of solar 
modules’ renewable energy potential (Tsaur and Lin 2018).

When photovoltaic adoption is conceptualized within a 
broader socio-technical framework, the UTAUT/UTAUT2 is 
frequently applied. Molnár and Szép (2025) have provided 
one of the few empirical studies examining the technological 
acceptance of plug-in solar devices. Focusing on the Hungar-
ian market, their results indicate that all examined determi-
nants, performance expectancy, social influence, facilitating 
conditions, hedonic motivation, and price value, significantly 
influence behavioral intention, whereas effort expectancy does 
not show a significant effect. The effort required for installation 
and use is not a critical factor, suggesting that the technology 
is perceived as uncomplicated and user-friendly. The authors 
have emphasized that the existing infrastructure, the expected 
performance, and the price-performance ratio are particularly 
decisive for adoption (Molnár and Szép 2025). In relation to 
conventional photovoltaic systems, Roy and Mohapatra (2022) 
report positive effects of performance expectancy, effort expec-
tancy, social influence, and hedonic motivation on behavioral 
intention. While Aggarwal et al. (2019) emphasize social 
beliefs and effort expectancy, Bekti et al. (2022) highlight the 
importance of price value within UTAUT2.

Finally, recent studies have increasingly employed a com-
bination of the aforementioned models to achieve a more 
comprehensive explanation of acceptance behavior (Alam et 
al. 2021; Wolske et al. 2017; Anjum and Subhan 2024). This 
approach mirrors the multi-stage and systemic nature of tech-
nology acceptance.

3  Conceptual framework and hypotheses 
development

3.1  Conceptual framework

Using the theoretical findings from previous research on 
large-scale photovoltaic systems as a foundation, we have 

developed a conceptual framework that considers the 
unique characteristics of plug-in solar devices. Compared to 
conventional photovoltaic systems, plug-in systems require 
less financial and practical effort, making the technology 
more accessible and consumer-oriented, where individual 
evaluation is essential to the purchase decision.

In accordance with the technology adoption research, we 
conceptualize attitude as a pivotal construct that links the 
perceived characteristics of the technology with behavioral 
intention. However, it is important to note that the decision 
to purchase a product is not solely determined by cognitive 
evaluations of its technological characteristics. Instead, it 
is influenced by a complex interplay of social and contex-
tual factors. Given the contemporary designation of plug-in 
solar devices as green technologies, environmental factors 
are recognized as significant influencing elements.

Accordingly, the proposed framework integrates individ-
ual evaluations, social influences, and environmental factors 
to explain the intention to use plug-in solar devices. The 
hypotheses developed in the following section are predi-
cated on this structure.

3.2  Attitude

Attitude (ATT) is generally understood as the evaluation of 
behavior that results from personal beliefs on the one hand 
and the expected consequences of the action on the other 
(Fishbein and Ajzen 1975; Davis 1989). In the context of 
research on sustainable behavior, attitude has emerged as a 
consistent predictor of usage decisions. Empirical studies in 
the areas of green consumption (Sreen et al. 2018; Kamala-
non et al. 2022), sustainable mobility (Haustein and Jensen 
2018; Moons and Pelsmacker 2015), and the adoption of 
photovoltaic systems (Sun et al. 2020; Kesari et al. 2021; 
Fatoki 2022) have been consistent in suggesting that a posi-
tive attitude is related to the intention to use.

However, it should be noted that a positive attitude does 
not necessarily lead to an intention to use or to actual behav-
ior. Research has demonstrated the presence of discrepan-
cies between attitude and intention, as well as between 
intention and behavior. This suggests that positive evalua-
tions may not necessarily result in the formation of concrete 
intentions to act, thereby remaining unfulfilled (Sheeran and 
Webb 2016). This discrepancy is particularly pronounced in 
the domain of sustainable products and technologies, where 
contextual and structural constraints, such as high costs, 
limited access to reliable information, and infrastructural 
requirements, impede the translation of environmentally 
friendly attitudes into actual purchasing decisions (Peattie 
2010; Claudy et al. 2013; Echegaray and Hansstein 2017).

The findings from research on the adoption of photo-
voltaic systems suggest that not all information influences 
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the implementation process equally. As demonstrated by 
Goodarzi et al. (2021), the dissemination of general, non-
individualized information has been shown to positively 
influence attitudes toward photovoltaic systems. However, 
this information does not appear to have a significant impact 
on the actual adoption of these systems. Conversely, the 
translation of positive attitudes into concrete actions is more 
likely to be facilitated by specific and credible information 
from independent sources.

These findings imply that the relationship between atti-
tude and intention remains salient, yet its strength is contin-
gent on contextual factors. Consequently, attitude should be 
understood more as a basis for evaluation, whose behavioral 
relevance depends on the presence of conducive, structural, 
and informational conditions.

Based on the extant behavior-oriented models and the 
studies enumerated, the following hypothesis is postulated 
for the present study, notwithstanding the discussed attitude-
intention gap: The attitude toward plug-in solar devices has 
a positive effect on the intention to use.

3.3  Performance expectancy

Performance expectancy (PE) is defined as the extent to 
which an individual believes that the utilization of a tech-
nology will assist them in achieving personal or task-related 
objectives and enhancing performance outcomes (Ven-
katesh 2003). Within the UTAUT, performance expectancy 
functions as an expectancy of use of the technology. Con-
sequently, it is conceptualized as a direct determinant of 
behavioral intention.

According to Fishbein and Ajzen (1972), expectancy 
of use is a central predictor of cognitive attitude forma-
tion. Consequently, performance expectancy can be com-
prehended beyond its role in UTAUT as an anticipated 
outcome of action that serves as the cognitive basis for atti-
tudes toward a technology. Empirical studies support this 
relationship, demonstrating that the perceived instrumental 
benefits of using technology are strongly associated with a 
more positive attitude toward the technology in question 
(Park et al. 2007; Rana et al. 2017; Dwivedi et al. 2019). 
Correlations of a similar nature have been observed in con-
nection with renewable energy technologies. In these cases, 
expectations of functional and performance-related benefits 
have been shown to contribute to a positive evaluation of 
these technologies (Aggarwal et al. 2019; Roy and Mohapa-
tra 2022; Ahn et al. 2016).

In light of the theoretical considerations and relevant 
empirical findings, the following hypothesis is formulated: 
Performance expectancy has a positive effect on attitude 
toward plug-in solar devices.

3.4  Effort expectancy

Effort expectancy (EE) describes the degree to which a per-
son believes that the use of the technology is easy to learn 
and implement. Users tend to prefer technologies that are 
perceived as intuitive, easy to understand, and low in com-
plexity (Venkatesh 2003).

Beyond its role as a predictor of behavioral intention 
within the UTAUT framework, effort expectancy can also 
be understood as a cognitive evaluation of anticipated usage 
effort. Technologies that are perceived as easy to use are 
associated with lower cognitive effort and fewer anticipated 
barriers to use, which contributes to a more favorable evalu-
ative attitude toward the technology. This assertion is cor-
roborated by empirical evidence. For instance, Rana et al. 
(2017) and Dwivedi et al. (2019) demonstrate that effort 
expectancy exerts a direct effect on attitude and an indirect 
effect on behavioral intention, which is mediated by atti-
tude. This finding indicates that perceived ease of use plays 
a significant role in the cognitive evaluation of technologies.

With regard to the plug-in devices, the evaluation of 
said devices could depend on the perceived complexity 
of commissioning and maintenance. Technologies that are 
expected to function without professional installation and 
enable the generation of electricity through a simple plug-in 
connection are therefore likely to be perceived as compara-
tively user-friendly (Gögelein et al. 2024).

Based on this, we formulate the following hypothesis: 
Effort expectancy has a positive effect on attitude toward 
plug-in solar devices.

3.5  Social influence

Social influence (SI) is defined as the degree to which an 
individual perceives that important others believe he or 
she should use the new system (Venkatesh 2003). In the 
absence of prior experience with an unfamiliar technology, 
uncertainty can emerge. The provision of informative sup-
port by trusted individuals has been demonstrated to reduce 
uncertainty and perceived risk, which in turn affects atti-
tudes toward the technology (Thakur and AlSaleh 2019; Bo 
and Ma’rof 2024). In this context, studies such as those by 
Kim and Srivastava (2007) and Bo and Ma’rof (2024) dem-
onstrate that trust in the social environment encompasses 
reviews and testimonials on social networks.

Beyond the realm of information mechanisms, social 
influence also operates through normative pressures, such 
as conformity, social belonging, and the aspiration for 
social acknowledgment (Hamari and Koivisto 2015). The 
observable utilization of a technology within a social or 
spatial context can serve as ‘social proof’, thereby exert-
ing a positive influence on the technology’s perceived value. 
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Empirical studies on the adoption of photovoltaic systems 
demonstrate that the visibility of solar systems enhances 
individuals’ self-perception and intention to utilize them 
(Graziano and Gillingham 2015; Rode and Müller 2019).

The integration of both informative and normative 
mechanisms indicates that social influence has the capacity 
to influence the development of attitudes towards technol-
ogy. Therefore, the following hypothesis is proposed: Social 
influence has a positive effect on attitude toward plug-in 
solar devices.

3.6  Sustainability expectancy

Since plug-in solar devices are a sustainable technology for 
generating and using green electricity, previous studies have 
suggested that an ecological dimension should be included 
in the acceptance model (Shahzad et al. 2022; Neves et al. 
2025; Ahn et al. 2016). Being consistent with prior research 
on perceived environmental benefits (Korcaj et al. 2015) 
and green innovations (Chen et al. 2006), we operational-
ized sustainability expectancy (SE) as the degree to which 
an individual perceives that adoption of a renewable energy 
technology will lead to significant environmental benefits.

Perceived environmental benefits can activate moral 
beliefs and prosocial values, thereby promoting a more 
positive attitude (Hamari et al. 2016). Additionally, the 
perceived environmental friendliness of a product can 
serve as a unique selling point, indicating higher quality 
or superior value for money (Peattie 2010). In the context 
of solar energy, perceived collective environmental bene-
fits significantly contribute to opinions about photovoltaic 
systems (Korcaj et al. 2015), and environmental protection 
motives are often cited as key drivers of adoption (Palm and 
Tengvard 2011; Corbett et al. 2022).

Overall, expected sustainability outcomes are an impor-
tant factor in attitudes toward plug-in solar devices. We 
therefore propose the following hypothesis: Sustainability 
expectancy has a positive effect on attitude toward plug-in 
solar devices.

3.7  Pro-environmental behavior

In contrast to sustainability expectancy, which refers to 
technology-specific expectations regarding environmental 
performance, pro-environmental behavior (PEB) represents 
a general behavioral disposition. This awareness is accom-
panied by a heightened environmental consciousness and 
ecological commitment, encompassing deliberate, volun-
tary actions aimed at minimizing environmental degradation 
and fostering a sustainable lifestyle (Kollmuss and Agye-
man 2002). Individuals who possess a strong environmental 
awareness and commitment to sustainability actively seek 

opportunities to engage in environmental protection (Hinds 
and Sparks 2008; Verplanken 2018). This encompasses 
the integration of sustainable technologies into daily liv-
ing. Research in this area indicates that pro-environmental 
behavior has a positive effect on the intention to use sustain-
able technologies (Laureti and Benedetti 2018; Vorobeva et 
al. 2022; Adeel et al. 2024). In the context of solar energy, 
personal environmental awareness has been shown to sig-
nificantly increase the likelihood of using photovoltaic sys-
tems (Stikvoort et al. 2020; Ghosh and Satya Prasad 2024).

Given the technological underpinnings and environmen-
tal advantages of plug-in solar devices, it is reasonable to 
hypothesize that eco-conscious behavior will positively 
influence the intention to use such devices. In consideration 
of the aforementioned points, the following hypothesis is 
hereby proposed: Pro-environmental behavior has a positive 
effect on the intention to use plug-in solar devices.

3.8  Price value

Price value (PV) is defined as the cognitive compromise 
between the perceived benefits of a technology and its 
associated costs. In instances where the estimated benefits 
exceed the costs, this has been demonstrated to positively 
influence the intention to use the technology (Venkatesh 
2012). Empirical studies have demonstrated that price value 
exerts a significant influence on the intention to utilize tech-
nologies, particularly those that offer functional, monetary, 
and utilitarian benefits (Tamilmani et al. 2018).

In the context of sustainable technologies, ecological 
aspects are also increasingly being included in cost-related 
assessments. Research conducted by Khazaei (2019) and 
Vafaei-Zadeh et al. (2022) indicates that when consumers 
evaluate the price-performance ratio of electric vehicles, 
they consider not only personal and functional criteria but 
also environmental criteria, such as the reduction of CO2 
emissions. In relation to the adoption of photovoltaic sys-
tems, Lau et al. (2020) and Bekti et al. (2022) demonstrate 
that environmental factors, including sustainable energy 
consumption and long-term energy savings, play a sub-
stantial role in the positive evaluation of cost-effectiveness. 
Based on this, we formulate the following hypothesis: Price 
value has a positive effect on the intention to use plug-in 
solar devices.

To synthesize the theoretical argumentation conceptually, 
Table 1 summarizes the central constructs and their defini-
tions, whereas Table 2 provides a comprehensive overview 
of the hypotheses derived from this study. Figure  1 inte-
grates the derived causal relationships into a closed model 
structure. This research model provides the conceptual 
foundation for the subsequent empirical investigation.
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4  Methodology

4.1  Sample and data collection

To empirically test the proposed model, a cross-sectional 
survey design was utilized. We collected the data through an 
online survey platform called LimeSurvey, targeting indi-
viduals living in Germany with varying levels of interest 
in plug-in solar devices. In principle, anyone over the age 
of eighteen could take part in the study. Participants were 
recruited via social media platforms. We also posted our 
questionnaire in social media forums dedicated to the use of 
photovoltaic systems. The participation was voluntary and 

anonymous. The participants were informed that there were 
no correct or incorrect answers in completing the question-
naire. The online survey was administered in January 2025.

The questionnaire was structured in three sections. At 
the beginning, the technology of plug-in solar devices was 
introduced briefly to introduce the participants to the topic 
and ensure that everyone started from the same technical 
basis. In order to avoid any potential distortions due to prior 
information, the functionality was presented in a neutral 
manner. Subsequently, participants were asked whether 
they owned such a plug-in solar device. Those who did not 
were further asked to indicate whether they were generally 
not interested in adopting one or whether they intended to 
purchase one in the future. Participants expressing purchase 
intention were then requested to specify the anticipated time 
frame of adoption (within the next few months, within 6 to 
12 months, within 1 to 2 years, or in more than two years). 
Most indicated either a near-term (approx. 36%) or a long-
term purchase period (32%). Table  3 shows the purchase 
periods of the interested respondents.

The second part of the survey contained the construct 
measurement items. The questionnaire concluded with 
demographic questions.

A total of 398 responses were obtained. To ensure the 
quality of the data and limit the potential methodological 
errors, we integrated attention questions according to the 
recommendations of Hair et al. (2018). Participants who 

Table 1  Theoretical definition of model constructs
Construct Abbr. Definition
Performance expectancy PE Performance expectancy is defined as the degree to which an individual

believes that using the system will help him or her to attain gains in job
performance
(Venkatesh et al., 2003).

Effort
expectancy

EE Effort expectancy is defined as the degree of ease associated with the use
of the system 
(Venkatesh et al., 2003).

Social
influence

SI Social influence is defined as the degree to which an individual perceives 
that important others believe he or she should use the new system 
(Venkatesh et al., 2003).

Sustainability e xpectancy SE The degree to which an individual perceives that adoption of a renewable 
energy technology will lead to significant environmental benefits .
(Chen et al. 2006; Korcaj et al. 2015)

Attitude ATT An individual’s positive or negative feelings about performing
the target behaviour
(Fishbein and Ajzen 1975; Davis 1989).

Pro-environmental behavior PEB Pro-environmental behavior mean a behavior that consciously seeks to min-
imize the negative impact of one’s actions on the natural and built world
(Kollmuss and Agyeman 2002).

Price value PV A consumer’s cognitive tradeoff between the perceived benefits of the 
applications and the monetary cost of using them
(Venkatesh et al., 2012).

Behavioral intention BI Behavioral intention is defined as a measure of the strength
of one’s intention to perform a specific behaviour
(Fishbein and Ajzen 1975).

Table 2  Model hypotheses
H1 Performance expectancy has a positive effect on 

attitude toward plug-in solar devices.
PE → 
ATT (+)

H2 Effort expectancy has a positive effect on attitude 
toward plug-in solar devices.

EE → 
ATT (+)

H3 Social influence has a positive effect on attitude 
toward plug-in solar devices.

SI → 
ATT (+)

H4 Sustainability expectancy has a positive effect on 
attitude toward plug-in solar devices.

SE AT 
→ T (+)

H5 The attitude toward plug-in solar devices has a 
positive effect on the intention to use.

ATT → 
BI (+)

H6 Pro-environmental behavior has a positive effect 
on the intention to use plug-in solar devices.

PEB → 
BI (+)

H7 Price value has a positive effect on the intention to 
use plug-in solar devices.

PV → 
BI (+)
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answered these control questions incorrectly were excluded 
as part of the data cleansing process, as were people with 
incomplete questionnaires, a much faster than average 
processing time, or conspicuous response patterns that 
indicated arbitrary answers (Hair et al. 2018). After data 
cleansing, we had 376 fully analyzable data sets at our 
disposal. Of these, 111 said they already owned a plug-in 
solar device (owners), 110 said they were interested and had 
plans to buy one (interested), and 139 said they would not 
use or buy one (rejecters). With regard to the reasons given 
by them, around 49% stated lack of space or lack of suitable 
space as the main reason. Other reasons given were a lack of 
knowledge and experience of the technology (19%), invest-
ment costs being too high (14%), and owning a large solar 
system, which is why an additional smaller system seems 
superfluous (10%). A total of 16 respondents did not select 
any of the three options, indicating that they were not allo-
cated to any of the groups.

To ensure a required minimum sample for the main 
groups (owners, interested and rejecters), we did a post-hoc 
power analysis using G*Power (Faul et al. 2009). This indi-
cated that the smallest subgroup size (interested, N = 110) 
exceeded the minimum size of 85 to detect medium effects 
of 0.15 with statistical power of 80% at a significance level 
of 5%.

In terms of the demographic data of our total sample of 
376 participants, just under 65% were male. The average 
age was 41 years. Around 45% had a university degree. Over 
72% were in permanent employment. In terms of monthly 
net income, just under 57% earned more than €2,000, with 
the majority earning between €2,001 and €3,000.

However, a detailed look at the three subgroups indi-
cated clear differences. The group of owners of plug-in solar 
devices had demographic characteristics that were largely in 
line with the results of the study by the Solar storage systems 
research group HTW Berlin (2022) on the characteristics of 
German plug-in solar device users: In our sample, 90% of 
users were male, the average age was 48 and just under 47% 
had an academic degree. In addition, around 76% were in 
permanent employment. In terms of income, around 55% 
had a monthly net income of over €3,000.

Although the interested group is characterized by a com-
paratively higher proportion of women (40%), the majority 
remained male. With an average age of 40 years, the group 
was younger but had the highest proportion of university 
graduates of all three groups (approx. 51%). 75% were in 
permanent employment. The majority also earned between 
€2,001 and €3,000 per month.

The rejecter group showed a proportion of women of 
48%, which was even higher than among the interested 
group. The average age was 36, making it the youngest of 
the three groups. The proportion of people with an academic 
degree was around 38%, which was lower than the propor-
tion of the owners (47%) and the interested (51%). The high 
proportion of students in the group was striking at around 
30%, as was reflected in the income: 43% of the rejecters 
group had a monthly net income of no more than €2,000.

Table 4 summarizes the demographic data of our sample.

4.2  Measurement items

All constructs were operationalized using items derived 
from prior validated studies and adapted to the context of 
plug-in solar devices. The items were measured reflectively 
using a five-point Likert scale ranging from 1 (‘strongly 
disagree’) to 5 (‘strongly agree’). The constructs of per-
formance expectancy (PE), effort expectancy (EE), and 
price value (PV) were measured using items derived from 
Venkatesh et al. ( 2003). Social influence (SI) and Behav-
ioral Intention (BI) were also adapted from Venkatesh et 

Table 3  Planning periods for the purchase of a plug-in solar device
Time Horizon Soon Short-term Medium-term Long-term

In the 
next 
months

In 6–12 
months

In 1–2 years In > 2 
years

Interested 
(N = 110)

39 18 18 35

Fig. 1  Research model 
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al. (2003). In the context of renewable energies, the scales 
were supplemented by the studies of Jain et al. (2022) for SI 
and Ali et al. (2020) for BI. For measuring the participants’ 
attitude toward plug-in solar devices (ATT), we adapted the 
scales from Ahmad et al. (2017). The measures for sustain-
ability expectancy (SE) were operationalized from Korcaj 
et al. (2015). For the measurement of pro-environmental 
behavior (PEB), we adapted the scales from Mancha and 
Yoder (2015) and Lucarelli et al. (2020).

Following a translation-back-translation procedure, we 
conducted a pretest with twenty individuals to enhance the 
comprehensibility and the reliability of the measurement 
items. Based on the received feedback, minor linguistic 
refinements were implemented to enhance clarity for the 
main survey.

Table  5 presents the list of the measurement items, 
accompanied by their means and standard deviations (SD) 
and references.

4.3  Data analysis

To test the proposed hypotheses, we employed partial 
least squares structural equation modeling (PLS-SEM). 
The method has been demonstrated to be appropriate for 
explaining variance in key endogenous constructs (Hair et 
al. 2022) and for examining structural differences across 

groups by leveraging nonparametric resampling methods 
(Matthews et al. 2018).

The complete analyses were executed with SmartPLS4, 
using the conventional path weighting scheme (Ringle et al. 
2024). Bootstrapping with 5000 subsamples was employed 
to test the significance of the path coefficients. Following 
established guidelines (Hair et al. 2022), we applied a two-
stage approach, first evaluating the reflective measurement 
model and subsequently assessing the structural model.

Reliability and convergent validity were examined using 
Cronbach’s alpha (CA), composite reliability (CR), and 
average variance extracted (AVE). Discriminant validity 
was assessed using the heterotrait-monotrait ratio (HTMT). 
Multicollinearity was evaluated using variance inflation fac-
tors (VIF).

In order to identify group differences in users’ adop-
tion intention, a multigroup analysis in partial least squares 
structural equation modeling (PLS-MGA) was employed 
(Cheah et al. 2023). In this context, a finite mixture par-
tial least squares approach (FIMIX-PLS) was conducted 
to address unobserved heterogeneity. Prior to conducting 
the multigroup comparison, measurement invariance was 
assessed using the measurement invariance of composite 
models procedure (MICOM) (Henseler et al. 2016). Group 
differences in structural paths were examined using a non-
parametric permutation test (NPT) (Klesel et al. 2022).

Table 4  Sample demographics
Demographics Specifications Complete Owners Interested Rejecters

N = 376 N = 111 N = 110 N = 139
Counts Counts % Counts % Counts % Counts %
Sex Male 244 64.9 100 90.1 66 60.0 72 51.8

Female 130 34.6 10 9.0 44 40.0 66 47.5
Other 2 0.5 1 0.9 - - 1 0.7

Age 19–29 years 116 30.9 5 4.5 33 30.0 73 52.5
30–39 years 64 17.0 17 15.3 26 23.6 18 12.9
40–49 years 76 20.2 45 40.5 18 16.4 13 9.4
≥ 50 years 120 31.9 44 39.6 33 30.0 35 25.2

Highest educational attainment Graduate degree 169 44.9 52 46.8 56 50.9 53 38.1
High school diploma, A-Level 63 16.8 12 10.8 16 14.5 35 25.2
Technical/community college 116 30.9 37 33.3 32 29.1 42 30.2
Other 28 7.4 10 9.1 6 5.5 9 6.5

Occupation (Self) Employed 269 71.5 84 75.7 82 74.5 92 66.2
Student 64 17.0 1 0.9 21 19.1 41 29.5
Pensioners 26 6.9 13 11.7 5 4.5 4 2.9
Other 17 4.5 13 11.7 2 1.8 2 1.4

Monthly net income (€) < 1,000 48 12.8 3 2.7 14 12.7 25 18.0
1,000–2,000 66 17.6 10 9.0 21 19.1 34 24.5
2,001–3,000 90 23.9 23 20.7 24 21.8 38 27.3
3,001–4,000 60 16.0 26 23.4 20 18.2 13 9.4
> 4,001 64 17.0 35 31.5 14 12.7 15 10.8
No specification 48 12.8 14 12.6 17 15.5 14 10.1
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5  Results estimation

5.1  Measurement model

The evaluation of the indicator reliability revealed signifi-
cant factor loadings, which exceeded the threshold value of 
0.70 (Hair et al. 2022), assuming a sufficiently high reli-
ability of the individual indicators. Assessing the internal 
consistency reliability, all constructs demonstrated values 
exceeding the recommended threshold of 0.70 for both CA 

and CR (Hair et al. 2022). The results indicated adequate 
internal consistency among the constructs. In consider-
ation of the convergent validity assessment, the AVE val-
ues obtained exceeded the recommended threshold of 0.50 
(Hair et al. 2022). The results of the reliability and conver-
gent validity tests are summarized in Table 6. Assessing the 
discriminant validity, the HTMT values (see Table 7) were 
below the recommended threshold of 0.85 (Henseler et al. 
2015; Franke and Sarstedt 2019), assuming the absence of 
critical correlations between the constructs.

Constructs and items Mean (SD) References
PE PE1 I would find plug-in solar devices useful for generating 

sustainable electricity.
4.505 (0.838) Venkatesh 

et al. 
(2003)PE2 Using a plug-in solar device lets me use electricity directly. 4.239 (0.923)

PE3 I provide myself with electricity by using a plug-in solar 
device.

4.460 (0.805)

EE EE1 I have enough time and energy to install and use a plug-in 
solar device.

3.710 (1.306) Venkatesh 
et al. 
(2003)EE2 It would be easy for me to install and use a plug-in solar 

device.
4.210 (1.001)

EE3 Learning how to install and use a plug-in solar device is 
easy for me.

4.149 (1.094)

SI SI1 People who are important to me think that I should use a 
plug-in solar device.

2.612 (1.222) Venkatesh 
et al. 
(2003), 
Jain et al. 
(2022)

SI2 People who influence my behavior think that I should use a 
plug-in solar device.

2.556 (1.210)

SI3 Using a plug-in solar device would create a positive 
impression of me among other people.

2.976 (1.154)

SE SE1 I find that with a plug-in solar device system; I protect the 
environment.

4.138 (0.867)  Korcaj et 
al. (2015)

SE2 The operation of a plug-in solar device system is environ-
mentally friendly.

3.785 (1.031)

SE3 I save natural resources with a plug-in solar device. 3.750 (1.001)
ATT ATT1 Using a plug-in solar device is a good idea. 4.311 (0.921)  Ahmad et 

al. (2017)ATT2 Overall, I think I will enjoy solar technology as a source of 
electricity in my house.

4.035 (1.097)

ATT3 I like the idea of using a clean source of electricity in my 
house.

4.298 (0.993)

PEB PEB1 I try to reduce my carbon footprint. 3.665 (1.000)  Mancha 
and Yoder 
(2015), 
Lucarelli et 
al. (2020)

PEB2 I intend to engage in environmentally friendly behavior. 3.293 (1.174)
PEB3 I try to be as environmentally friendly as possible. 3.707 (1.072)
PEB4 I turn off lights/fans/electrical appliances when not in use. 4.144 (0.984)

PV PV1 The plug-in solar device is reasonably priced. 3.420 (1.026) Venkatesh 
et al. 
(2012)

PV2 The plug-in solar device is a good value for the money. 3.761 (1.014)
PV3 At the current price, the plug-in solar device provides a 

good value.
3.931 (1.060)

BI BI1 I plan to install/I have a plug-in solar device. 3.761 (1.355) Venkatesh 
et al. 
(2003), 
Ali et al. 
(2020)

BI2 I am planning to install/I have installed solar electricity 
panels for my house.

4.066 (1.136)

BI3 I intend to use/I use a plug-in solar device to power my 
house with solar electricity.

3.731 (1.207)

BI4 I will consider using/I use a plug-in solar device. 3.880 (1.280)

Table 5  Constructs and items 



1 3

Page 11 of 23     12 Sustainability Nexus Forum           (2026) 34:12 

5.2  Structural model

A thorough evaluation of multicollinearity in the structural 
model revealed that none of the VIF values for the predic-
tor latent variables exceeded the stringent threshold value of 
3 (Hair et al. 2022), assuming no critical multicollinearity 
between the constructs.

The adjusted R2 values of 0.523 for ATT and 0.496 for 
BI indicated a moderate explanatory power. The SRMR 
value of 0.086 was slightly above the commonly suggested 
threshold of 0.08 (Hu and Bentler 1998).

In the context of hypothesis testing, the bootstrapping 
results indicated for hypothesis H1 a significant relation-
ship between PE and ATT (β = 0.336, p < 0.001) with a 

moderate effect of f2 = 0.169. Consequently, H1 was not 
rejected. Hypothesis H2, which examined the influence of 
EE on ATT, was not significant and was therefore rejected. 
In terms of hypothesis H3, there was a significant but small 
effect (f2 = 0.099) between SI and ATT (β = 0.239, p < 0.001). 
Consequently, H3 was not rejected. In consideration of the 
impact of SE on ATT in hypothesis H4, the findings indi-
cated a significant influence (β = 0.344, p < 0.001) with a 
moderate effect size (f2 = 0.203). Therefore, H4 was not 
rejected.

Turning to the analysis of BI, H5 is examined first. 
A significant positive relationship between ATT and BI 
(β = 0.467, p < 0.001) was exhibited, with a moderate effect 
size (f2 = 0.248). Thus, H5 was not rejected. With regard to 
hypothesis H6, there was a significant impact of PV on BI 

Table 6  Assessment of reliability and convergent validity
Data set Construct Item Loadings CA CR AVE
Complete
N = 376

ATT ATT1 0.904 0.863 0.868 0.784
ATT2 0.871
ATT3 0.882

BI BI1 0.909 0.899 0.905 0.770
BI2 0.828
BI3 0.836
BI4 0.932

EE EE1 0.875 0.852 0.863 0.771
EE2 0.855
EE3 0.903

PE PE1 0.861 0.729 0.803 0.636
PE2 0.723
PE3 0.803

PEB PEB1 0.816 0.821 0.935 0.637
PEB2 0.715
PEB3 0.879
PEB4 0.774

PV PV1 0.887 0.879 0.882 0.805
PV2 0.912
PV3 0.892

SE SE1 0.810 0.807 0.807 0.723
SE2 0.863
SE3 0.875

SI SI1 0.877 0.762 0.765 0.683
SI2 0.881
SI3 0.711

Table 7  Assessment of discriminant validity
Data set Construct ATT BI EE PE PEB PV SE SI
Complete 
N = 376

ATT
BI 0.736
EE 0.392 0.653
PE 0.680 0.578 0.520
PEB 0.469 0.259 0.091 0.194
PV 0.629 0.658 0.569 0.697 0.131
SE 0.678 0.467 0.254 0.490 0.590 0.441
SI 0.602 0.491 0.341 0.439 0.301 0.491 0.415
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(β = 0.328, p < 0.001) with a moderate effect size (f2 = 0.146). 
Consequently, H6 was not rejected. For hypothesis H7, 
there was no significant influence of PEB on BI. Thus, H7 
was rejected.

Finally, in the context of indirect effects, the findings 
indicated that PE, SI, and SE exert indirect influences on 
BI via ATT.

Table  8 summarizes the evaluation of the PLS-SEM, 
including the significance of the path coefficients, VIF-val-
ues, and adjusted R2.

5.3  Multi-group analysis results

5.3.1  FIMIX-PLS

In order to examine whether the predefined group classifi-
cation of owners, interested, and rejecters, adequately cap-
tures potential heterogeneity in the sample, we performed 
a finite mixture PLS (FIMIX-PLS) (Sarstedt et al. 2017). 
The results suggested a three-segment solution, as indicated 
by the lowest values of the model quality indicators Akaike 
Information Criterion (AIC4), Bayes Information Crite-
rion (BIC), and Consistent Akaike Information Criterion 
(CAIC), as illustrated in Table 9. Only AIC3 indicated an 
alternative solution. According to Sarstedt et al. (2011), the 
final number of segments should be determined by the seg-
ment solution in which AIC4 and BIC both favor the same 
segment model. Consequently, we posit that the three-seg-
ment solution is methodologically sound.

5.3.2  Measurement model results per group

The assessment of the measurement model for the owner 
group indicated satisfactory indicator reliability, internal 
consistency, convergent validity, and discriminant validity 
(Hair et al. 2022; Henseler et al. 2015; Franke and Sarstedt 
2019).

For the interested group, two factor loadings (PE2 = 0.668; 
SI4 = 0.695) showed values slightly below the recommended 
threshold of 0.70. However, CR and AVE of both constructs 
exceeded the recommended cutoffs, indicating adequate 
reliability and convergent validity. CA for PE (0.699) was 
marginally below 0.70 but considered acceptable given 
the satisfactory CR values (Hair et al. 2022). Discriminant 
validity was confirmed, as all HTMT values were below the 
recommended threshold (Henseler et al. 2015; Franke and 
Sarstedt 2019).

Similarly, in the rejecters group, most factor load-
ings exceeded 0.70, with three indicators (BI1 = 0.600; 
PE2 = 0.686; PEB = 0.656) slightly below the threshold. 
Nonetheless, CR, CA, and AVE met the established criteria, 
supporting the reliability and validity of the constructs (Hair 
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et al. 2022). HTMT values further confirmed discriminant 
validity (Henseler et al. 2015; Franke and Sarstedt 2019).

The assessment indicates that the measurement mod-
els satisfy all essential reliability and validity criteria, thus 
establishing a robust foundation for subsequent multigroup 
analyses. Tables A1 and A2 in the 8. summarize the assess-
ment results for each subgroup.

5.3.3  MICOM

To ensure the PLS-MGA results, we assessed measure-
ment invariance using MICOM and its three-step procedure 
(Henseler et al. 2016; Cheah et al. 2023).

Firstly, we established configural invariance by employ-
ing the same set of indicators across all groups, which were 
equally parameterized and estimated (Henseler et al. 2016). 
This included the consistent treatment of the indicators and 
the handling of the data, as well as the establishment of a 
uniform PLS-algorithm setting for estimation (Hair et al. 
2022).

Secondly, compositional invariance was assessed using 
the permutation test implemented in MICOM. To control 
family-wise error inflation in multigroup comparisons, we 
applied a Šidák correction to the nominal significance level 
(Cheah et al. 2023). This resulted in an adjusted confidence 
level of 98.31%. Except for ATT in the comparison between 
interested and rejecters, the correlations between composite 
scores were not significantly different (see Table A3 in 8.). 
In combination with configural invariance, partial measure-
ment invariance was therefore established for all constructs 
except ATT in this specific group comparison. Consequently, 
structural path coefficients involving ATT cannot be validly 
compared between the interested and the rejecters.

Finally, to assess full measurement invariance, the equal-
ity of composite means and variances must be established. 
However, given that the majority of the composites’ equal-
ity of mean values and variances across the three groups did 
not yield all non-significant differences, full invariance was 
not supported.

However, since the present PLS-MGA focuses exclu-
sively on comparing structural path coefficients rather than 
latent means or variances, the establishment of configural 
and compositional invariance is sufficient (Henseler et al. 

2016). Thus, partial measurement invariance is considered 
adequate for valid structural group comparisons.

5.3.4  Structural model results per group

5.3.4.1  Owners  The structural model results for the 
owner group indicated significant positive impacts of PE 
(β = 0.265, p = 0.025), EE (β = 0.197, p = 0.047), and SE 
(β = 0.439, p < 0.001) on ATT. While the effects of PE (f2 = 
0.088) and EE (f2 = 0.061) were small, SE demonstrated a 
moderate effect on ATT (f2 = 0.338). ATT, in turn, signifi-
cantly influenced BI (β = 0.559, p < 0.001) with a moderate 
effect size (f2 = 0.241). The explained variance indicated 
moderate explanatory power for ATT (adj. R2 = 0.594) and 
BI (adj. R2 = 0.466).

5.3.4.2  Interested  The structural model’s evaluation for 
the interested group demonstrated significant positive influ-
ences of PE (β = 0.261, p = 0.003), SE (β = 0.427, p < 0.001), 
and SI (β = 0.257, p < 0.001) on ATT. The effect sizes of 
PE (f2 = 0.097) and SI (f2 = 0.098) were small, whereas SE 
exhibited a moderate effect (f2 = 0.303). With regard to BI, 
PEB (β = 0.331, p < 0.001), PV (β = 0.270, p = 0.002), and 
ATT (β = 0.245, p = 0.024) all showed significant positive 
effects. The corresponding effect sizes were small (PEB: 
f2 = 0.114; PV: f2 = 0.106; ATT: f2 = 0.059). The adjusted R2 
indicated a moderate explanatory power for ATT (adj. R2 = 
0.411) and BI (adj. R2= 0.351).

5.3.4.3  Rejecters  The structural model of the rejecter 
group demonstrated significant positive impacts of PE 
(β = 0.292, p = 0.001), SE (β = 0.317, p < 0.001), and SI 
(β = 0.358, p < 0.001) on ATT. The effect size of PE was 
small (f2 = 0.142), whereas the effects of SE (f2 = 0.173) 
and SI (f2 = 0.230) were moderate. For the second depen-
dent variable, ATT (β = 0.456, p < 0.001) and PV (β = 0.175, 
p = 0.050) exerted positive effects on BI. While ATT showed 
a moderate effect size (f2 = 0.220), the effect of PV was 
small (f2 = 0.037). The explanatory power for ATT (adj. R2 
= 0.505) and BI (adj. R2 = 0.312) was both moderate.

Table 10 provides an overview of the assessment of the 
group-specific structural models.

5.4  Assessment of pairwise comparison using NPT

We employed a non-parametric permutation-based test 
(NPT) to compare the specific path coefficients between 
the groups (Klesel et al. 2022). For pairwise comparisons, 
at least partial measurement invariance must be present 

Table 9  Fit indices for the one- to four-segment solutions
Criteria Number of segments

1 2 3 4
AIC3 1617.915 1372.596 1306.308 1301.316
AIC4 1626.915 1391.596 1335.308 1340.316
BIC 1644.281 1428.258 1391.266 1415.570
CAIC 1653.281 1447.258 1420.266 1454.570
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according to the MICOM procedure (Henseler et al. 2016; 
Chin and Dibbern 2010). In order to control for family-wise 
error inflation across multiple comparisons, a Šidák cor-
rection was applied to the significance level (Cheah et al. 
2023).

The NPT results are summarized in Table 11. Path com-
parisons for constructs without partial measurement invari-
ance are reported in brackets and were not considered 
further in this analysis.

The results indicated no significant differences for most 
path coefficients across the groups. However, a significant 
difference was observed between owners and rejecters for 
the path from SI to ATT = −0.276 (p = 0.003). Further-
more, the comparison between interested and rejecters 
revealed a significant difference in the impact of PEB on BI 
(diff = 0.282, p = 0.011).

6  Discussion and implications

6.1  Theoretical implications

While performance expectancy has been shown to exert a 
significant positive influence on attitude formation across 
all three groups, the corresponding effect sizes of the owners 
(f2 = 0.088), and the interested (f2 = 0.097) were small. Our 
findings are therefore not inconsistent with other studies in 
the field of renewable energies and technology acceptance 

(e.g., Aggarwal et al. 2019; Roy and Mohapatra 2022; Ahn et 
al. 2016) but rather point to a context-dependent assessment 
of performance expectancy. Plug-in solar devices constitute 
a scaled-down application of conventional photovoltaic 
technology, whose core functionality is widely well-known 
and socially familiar. In consideration of this, Rogers’ IDT 
suggests that the relevance of certain determinants for adop-
tion may shift during the diffusion phases (Rogers 2003). 
Relative advantage, such as performance expectancy, is 
particularly influential during early adoption stages but may 
diminish in importance once the instrumental benefits of the 
technology become widely recognized. Our findings dem-
onstrate that performance expectancy continues to exert a 
statistically significant influence, but other contextual or 
value-related factors may have become more salient, espe-
cially for the owners and interested . Conversely, the effect 
size of the rejecter group was in the upper range of small 
effect (f2 = 0.142), approaching medium magnitude. Con-
sequently, this group requires a higher level of functional 
safety in order to engage with plug-in solar devices.

Although only the owners exhibited a positive signifi-
cant relationship between effort expectancy and the attitude 
towards plug-in solar devices, the relationship was only sta-
tistically significant (p = 0.047), with no practical relevance 
(f2 = 0.061). Therefore, we assume that effort expectancy has 
no relevant impact on the attitude across all three groups. 
The study by Molnár and Szép (2025), which examined the 
intention to use balcony power plants in Hungary, came to 

Relationship Pairwise Comparison Path Coefficient Difference Permutation Test
Šidák’s p-value adjustment 
0.01695

EE → ATT Owners vs. Interested 0.187 0.155
Owners vs. Rejecters 0.171 0.127
Interested vs. Rejecters (− 0.015) (0.881)

PE → ATT Owners vs. Interested 0.004 0.982
Owners vs. Rejecters −0.028 0.853
Interested vs. Rejecters (− 0.032) (0.815)

SE → ATT Owners vs. Interested 0.013 0.911
Owners vs. Rejecters 0.123 0.304
Interested vs. Rejecters (0.110) (0.348)

SI → ATT Owners vs. Interested − 0.176 0.048
Owners vs. Rejecters − 0.276 0.003
Interested vs. Rejecters (− 0.100) (0.292)

PEB → BI Owners vs. Interested − 0.199 0.146
Owners vs. Rejecters 0.083 0.337
Interested vs. Rejecters 0.282 0.011

PV → BI Owners vs. Interested − 0.191 0.231
Owners vs. Rejecters −0.097 0.436
Interested vs. Rejecters 0.095 0.428

ATT → BI Owners vs. Interested 0.314 0.066
Owners vs. Rejecters 0.103 0.432
Interested vs. Rejecters (− 0.211) (0.070)

Table 11  Assessment of pairwise 
comparison using NPT
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a similar conclusion. Molnár and Szép (2025) argue that 
plug-in solar devices do not require professional installa-
tion and are ready to use immediately after connection. The 
perceived effort required to use them is therefore compara-
tively low. In contrast to conventional, large-scale photo-
voltaic systems, plug-in solar devices are characterized not 
only by their small footprint but also by their ease of instal-
lation and use (Gögelein et al. 2024). These low-threshold 
requirements could mean that effort expectancy is less of an 
influencing factor.

The study revealed that all three groups held the percep-
tion that plug-in solar devices were a form of green technol-
ogy. The ecological expectations of the use of the technology 
are based on environmentally friendly energy generation, 
characterized by low pollutant emissions and efficient use 
of resources (Chen et al. 2006; Korcaj et al. 2015). The fact 
that the perceived environmental benefits have a positive 
effect on the formation of attitudes towards plug-in solar 
devices is consistent with studies on conventional photovol-
taic systems, according to which the environmental motive 
is essential for the adoption of the technology (Korcaj et al. 
2015; Palm and Tengvard 2011; Corbett et al. 2022). In the 
context of sustainable technologies, our findings fit in with 
the research that, in addition to technical product character-
istics, sustainability-related product characteristics are also 
decisive for the choice of technology.

With regard to social influence, both the interested and 
rejecter groups showed a significant positive relationship 
with attitude. Unlike owners, interested and rejecters do 
not (yet) own a plug-in solar device, which means that they 
have no personal experience with the technology and may 
therefore attach great importance to the opinions of those 
around them in order to reduce their uncertainties (Tschern-
ing and Mathiassen 2010). The pairwise group comparison 
between owners and rejecters supports this assumption and 
shows that rejecters place a significantly higher value on 
the social influence factor compared to owners. An alter-
native explanation for the relevance of social influence in 
the attitude formation of interested and rejecters could lie in 
the sustainability focus of the technology, which means that 
aspects such as social desirability and the public visibility of 
sustainable action must be taken into account (Hamari and 
Koivisto 2015). Accordingly, a positive attitude could result 
not only from the functional benefits of the technology, but 
also from presenting oneself as particularly environmentally 
friendly in order to gain social recognition or demonstrate 
(‘green’) affiliation (Graziano and Gillingham 2015; Rode 
and Müller 2019).

In consideration of the relationship between attitude and 
intention, we were able to determine a significant result for 
all three groups. In the area of adoption of photovoltaic sys-
tems, our results on plug-in solar devices are in line with 

the findings of Sun et al. (2020), Kesari et al. (2021), and 
Fatoki (2022). Considering the effect size, however, our 
results demonstrated a differentiated picture. For owners 
(f2 = 0.241) and rejecters (f2 = 0.220), we were able to deter-
mine a moderate effect size. Contrary to expectations, there 
was only a small effect for interested (f2 = 0.059). Based on 
this, we assume a weakened form of the attitude-intention 
gap for this group. Given that the interested group is gen-
erally interested in purchasing a plug-in solar device and 
is considering installation at least in the short to medium 
term, a stronger link between positive attitude and intention 
would theoretically be expected. However, as with Peattie 
(2010), Claudy et al. (2013), and Echegaray and Hansstein 
(2017), attitude does not appear to be the driving factor for 
the intention to use green technology. Rather, contextual 
factors come to the fore.

We have integrated the construct of pro-environmental 
behavior into our study, as it has been identified in various 
studies on sustainable technologies as a relevant predictor 
of usage intention (Vorobeva et al. 2022; Adeel et al. 2024; 
Laureti and Benedetti 2018). In our study, however, only the 
interested group demonstrated a significant positive correla-
tion between pro-environmental behavior and the intention 
to use. Despite the relatively small effect size, its relevance 
became particularly salient at the pairwise group compari-
son: In contrast to the rejecters, the interested group attrib-
uted a significantly stronger influence to pro-environmental 
behavior on their intention to use plug-in solar devices. In 
combination with the results on sustainability expectancy, 
this indicates that the group not only acknowledges the 
sustainability-related advantages of these devices but also 
views them as a means of actively engaging in environmen-
tal protection (Verplanken 2018; Hinds and Sparks 2008).

In the context of the cognitive tradeoff between associ-
ated costs and perceived benefits, a significant correlation 
between price value and the intention to use plug-in solar 
devices could not be determined among the group of own-
ers. Significant effects were found for the interested and 
rejecters, but the effect size for the rejecter group was small 
(f2 = 0.037), meaning only statistical significance, but not 
practical relevance. Whereas the findings for the interested 
group indicated an awareness of the price-performance ratio 
of plug-in solar devices. In view of their general environ-
mentally-oriented attitude, it is concluded that sustainable 
criteria such as long-term energy savings and environmen-
tally friendly energy consumption play a central role in 
their cost-benefit analysis alongside functional criteria. Our 
result is thus in line with previous studies on price value 
and solar modules, which also emphasize the importance 
of sustainability-related benefit considerations (Lau et al. 
2020; Bekti et al. 2022).
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6.1.1  Practical implications

The findings of our study have several practical implications 
for promoting plug-in solar devices. It has been demonstrated 
that sustainability characteristics, in particular sustainability 
expectations and within the interested group, pro-environ-
mental behavior, have been identified as decisive factors in 
the adoption process. Consequently, advertising strategies 
should prioritize the promotion of environmental benefits. 
Transparent communication that credibly conveys the indi-
vidual contribution to sustainability and climate protection 
without resorting to greenwashing can increase the likeli-
hood of plug-in solar devices being used. Concrete measures 
could include sustainability certifications, ecological seals of 
approval, or publicly visible indicators of CO2 savings that 
explicitly highlight the ecological added value of plug-in 
solar devices and strengthen the environmentally oriented 
intention to use them.

In order to address the group of rejecters who refrain from 
adoption due to technological concerns or cost-related con-
siderations, targeted information and communication mea-
sures focusing on functionality and reliability can help to 
close remaining knowledge gaps and reduce uncertainties. In 
this context, easily accessible and far-reaching channels such 
as social media and influencer marketing could be particu-
larly effective in addressing previously hesitant target groups. 
Studies show that social media and influencer marketing are 
already proving promising in various areas such as clothing, 
nutrition, and health (Gomes et al. 2022; Byrne et al. 2017). 
Given the high social relevance of the topic, the sustainability 
aspect of solar technology could represent high potential for 
advertising communication (Vilkaite-Vaitone 2024).

In accordance with the findings, which indicate that the 
rejecter group attaches great importance to social influence, 
the establishment of interactive and easily accessible plat-
forms that facilitate exchange between existing and potential 
users could build trust and break down barriers to acceptance. 
Previous research shows that the source of information, the 
timing of its delivery, and the manner of its presentation have 
a significant impact on the effectiveness of communication 
about sustainability-related technologies (Goodarzi et al. 
2021).

7  Conclusion

The aim of our study was to investigate the factors influencing 
the adoption of plug-in solar devices. In light of the hetero-
geneity of experience with plug-in solar devices, we differ-
entiated between three groups: the owners, the interested, 
and the rejecters. We conducted a PLS-MGA to derive varied 
insights into the adoption process of plug-in solar devices. 

While the results for the owners largely align with the overall 
findings, which indicate that technical aspects such as per-
formance expectancy and effort expectancy tend to be less 
influential compared to sustainability-related factors, a more 
differentiated analysis reveals additional insights. In terms of 
pro-environmental behavior, the interested group appears to 
perceive the adoption of plug-in solar devices as an opportu-
nity to further extend their sustainable lifestyle. In contrast, 
rejecters seem to be more strongly influenced by technologi-
cal concerns and social opinions than the other two groups.

The group-specific results, therefore, underline that the 
technology adoption process for sustainable technologies is 
not homogeneous but shaped by distinct expectations. Pro-
moting sustainable technologies consequently requires strate-
gies that both activate sustainability-oriented motivations and 
reduce technology-related skepticism. Considering these two 
dimensions may contribute to broader societal acceptance 
and support the transition toward more sustainable energy 
systems.

8  Limitations and suggestions for future 
research

The present study has focused on the German market, yet it 
is crucial to consider the general sustainability attitudes of 
the German population with regard to limitations. The con-
cept of sustainability has emerged as a prominent subject in 
both political discourse and societal discourse, underscoring 
the heightened sensitivity and relevance of this issue (Veng-
haus et al. 2022). In nations where sustainability issues do 
not carry comparable weight, the emphasis could instead be 
placed on other factors, for example, the technical or the 
economic requirements of technology.

In consideration of the financial aspect, price value has 
been included in the study. However, subsequent research 
could focus on consumers’ willingness to pay for plug-in 
solar devices. A segmentation of willingness to pay accord-
ing to different user groups could assist in the initiation of 
targeted political support measures.

Furthermore, the present study concentrated on the 
determinants of attitude formation and the predictive com-
ponents of usage intention, while other factors such as polit-
ical influence or subsidies were disregarded. Subsequent 
research could build upon this investigation by exploring 
the impact of external factors, such as political measures, on 
the intention to use.

Appendix
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Data set Construct Item Loadings CA CR AVE
Owners ATT ATT1 0.888 0.797 0.817 0.712
N = 111 ATT2 0.771

ATT3 0.867
BI BI1 0.757 0.808 0.806 0.637

BI2 0.830
BI3 0.729
BI4 0.868

EE EE1 0.869 0.866 0.907 0.785
EE2 0.887
EE3 0.902

PE PE1 0.877 0.735 0.766 0.652
PE2 0.739
PE3 0.801

PEB PEB1 0.891 0.878 0.900 0.729
PEB2 0.801
PEB3 0.887
PEB4 0.833

PV PV1 0.887 0.910 0.919 0.847
PV2 0.942
PV3 0.932

SE SE1 0.865 0.870 0.873 0.793
SE2 0.902
SE3 0.905

SI1 SI1 0.823 0.791 0.796 0.705
SI2 0.880
SI3 0.814

Interested ATT ATT1 0.795 0.721 0.736 0.640
N = 110 ATT2 0.766

ATT3 0.837
BI BI1 0.842 0.812 0.828 0.631

BI2 0.762
BI3 0.720
BI4 0.845

EE EE1 0.748 0.813 0.882 0.718
EE2 0.878
EE3 0.907

PE PE1 0.848 0.699 0.735 0.592
PE2 0.668
PE3 0.781

PEB PEB1 0.767 0.824 0.836 0.653
PEB2 0.822
PEB3 0.825
PEB4 0.816

PV PV1 0.809 0.807 0.824 0.720
PV2 0.892
PV3 0.843

SE SE1 0.792 0.740 0.744 0.656
SE2 0.809
SE3 0.828

SI SI1 0.885 0.737 0.740 0.662
SI2 0.848
SI3 0.695

Rejecters ATT ATT1 0.916 0.897 0.898 0.829
N = 139 ATT2 0.892

ATT3 0.923

Table 12  Assessment of reliability and convergent validity
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Table 13  Assessment of Discriminant Validity using HTMT
Data set Construct ATT BI EE PE PEB PV SE SI
Owners ATT
N = 111 BI 0.834

EE 0.612 0.620
PE 0.829 0.725 0.755
PEB 0.577 0.492 0.283 0.353
PV 0.819 0.596 0.553 0.737 0.324
SE 0.802 0.631 0.382 0.653 0.621 0.594
SI 0.499 0.342 0.323 0.484 0.371 0.327 0.433

Interested ATT
N = 110 BI 0.602

EE 0.291 0.693
PE 0.465 0.564 0.485
PEB 0.719 0.491 0.109 0.212
PV 0.330 0.426 0.512 0.653 0.179
SE 0.676 0.416 0.177 0.236 0.665 0.131
SI 0.559 0.400 0.456 0.275 0.282 0.515 0.256

Rejecters ATT
N = 139 BI 0.628

EE 0.119 0.406
PE 0.587 0.399 0.271
PEB 0.448 0.271 0.099 0.198
PV 0.507 0.458 0.172 0.611 0.141
SE 0.641 0.415 0.117 0.487 0.573 0.489
SI 0.611 0.445 0.146 0.373 0.272 0.444 0.366

Data set Construct Item Loadings CA CR AVE
BI BI1 0.857 0.830 0.869 0.671

BI2 0.600
BI3 0.886
BI4 0.899

EE EE1 0.815 0.786 0.803 0.698
EE2 0.865
EE3 0.825

PE PE1 0.871 0.719 0.843 0.618
PE2 0.686
PE3 0.791

PEB PEB1 0.847 0.756 0.784 0.571
PEB2 0.721
PEB3 0.656
PEB4 0.786

PV PV1 0.815 0.771 0.773 0.687
PV2 0.859
PV3 0.811

SE SE1 0.746 0.756 0.772 0.672
SE2 0.852
SE3 0.856

SI SI1 0.844 0.782 0.816 0.685
SI2 0.822
SI3 0.815

Table 12  (continued) 
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