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Abstract
This study presents the results of an analysis of user acceptance of PV battery storage systems. A structural equation
model is developed based on Davis’ technology acceptance model (TAM). It is expanded by integrating elements of
Ajzen’s theory of planned behavior (TPB). The main factors influencing the acceptance of PV battery storage systems are
evaluated and analyzed. Empirical findings indicate that survey participants’ acceptance of PV battery storage systems is
mainly influenced by their behavioral beliefs, perceived knowledge about battery storage systems, perceived ease of use,
and perceived usefulness of PV battery storage systems. The results indicate a high degree of acceptance for PV battery
storage systems.

Keywords Solar energy · Battery storage · User acceptance · Technology acceptance model (TAM) · Structural equation
modeling (SEM)

1 Introduction

More than two million PV systems with a nominal capac-
ity of 54GW have been installed in Germany under the
Renewable Energies Act since 2000 (Wirth 2021). While
the costs for electricity generated by rooftop PV systems
have declined drastically over time, the electricity prices
for households were increasing (Kost et al. 2018). As the
remuneration for PV feed-in was adapted to the decreas-
ing system costs, self-consumption became increasingly at-
tractive (Wirth 2021). Prices for lithium-ion batteries have
decreased by more than 50% since 2013 and continue to
decline (Figgener et al. 2018). Consequently, every second
small-scale PV system has been installed with battery stor-
age to increase self-consumption. However, battery storage
systems started being installed in numbers before profitabil-
ity was reached, and the buyers stated that they were aware
of that (Figgener et al. 2018). Moreover, not all households
install battery storage systems after profitability is reached,
proving that there are other factors influencing adoption and
acceptance. Different authors have evaluated the user accep-
tance of PV battery storage systems or asked for possible
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reasons for the installation of PV battery storage systems
(Figgener et al. 2018, 2017; Gährs et al. 2015; Moshövel
et al. 2015). However, to our knowledge, so far, the main
factors influencing individuals’ acceptance of PV battery
systems have not been analyzed with the help of regression-
or structural equation models (SEM). This article intends
to fill this gap in the literature by examining factors that
potentially influence the acceptance of PV battery systems.

This paper is structured as follows: In Sect. 2, the hy-
potheses are presented and the term acceptance is discussed.
Sect. 3 describes the methodology and the empirical data
used to evaluate our structural equation model. Sect. 4
shows exemplary results, including acceptance scores, qual-
ity measures, and the main effects of our SEM. In Sect. 4,
the results and potential limitations of our work are dis-
cussed before conclusions are provided in Sect. 5.

2 Acceptance and hypotheses

2.1 Acceptance

There is no uniform, generally applicable definition of the
term “acceptance” in the scientific literature (Quiring 2006).
However, many authors consider two to three different di-
mensions of acceptance: the attitudinal dimension, the be-
havioral dimension, and sometimes the normative dimen-
sion (Schäfer Keppler 2013). The attitudinal dimension is
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Fig. 1 Structural equation model

part of almost every definition of acceptance. It describes
the attitude of a person or group of people toward a tech-
nology. This attitude-related dimension can also include an
intention or a willingness for a certain behavior, but not
the behavior itself (Lucke 1995). The behavioral dimension
describes the active component of acceptance, which goes
beyond the willingness for a certain behavior and accord-
ingly includes an observable action Schweizer-Ries et al.
2010. However, an observable action is not a necessary pre-
requisite for acceptance, meaning that an action can occur
but does not have to occur (Huijts et al. 2012). The nor-
mative dimension describes the assessment of a technology
based on norms and values. These can be distinguished in
individual and societal values. In literature, the normative
dimension is often embedded in the attitudinal dimension
of acceptance (Schäfer Keppler 2013). PV battery storage
systems are a comparably new technology, which is not
accessible to everyone. Consequently, actual usage is not
sufficiently observable. As in Fazel (Fazel 2014) and Du-
denhöffer (Dudenhöffer 2015), the intention to use is there-
fore considered instead.

2.2 Hypotheses

In understanding technology acceptance, some primary
hypotheses have proven to be a reliable starting point
to analyze human behavior. The technology acceptance
model (TAM) by Davis (Davis 1989) posits that perceived
usefulness (PU) and perceived ease of use (PEOU) are
the main determinants of technology acceptance. Subse-
quently, Venkatesh and Davis (Venkatesh Davis 2000) and
Venkatesh et al. (Venkatesh et al. 2003) turned to expli-
cate further which variables are essential to understanding
PU and PEOU. Our set of hypotheses builds upon these
basic presuppositions and extends TAM and the theory of
planned behavior (TPB) by Ajzen (Ajzen 1991) by tech-
nology-specific hypotheses. Fig. 1 depicts the entire set of
hypotheses that we discuss in the following.

The diffusion literature has shown that personal affinity
to new technologies is an essential variable in technology
adoption processes (Rogers 2003). Therefore, we adopt the
hypothesis that “personal innovativeness” will affect PU.
Another classic premise from TBP (Ajzen 1991) is that
“behavioral beliefs” affect PU and IB.

Recent studies on the acceptance of PV systems have
shown that social interaction plays an important role in
the adoption process (Scheller et al. 2021; Balta-Ozkan
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et al. 2021). Therefore, we adopt the hypothesis that “so-
cial norms” and “image” will positively affect PU. On the
other hand, we posit that “perceived gains” by electricity
production and self-consumption and “perceived subsidies”
will influence an individual’s PU and IB.

Technologically, PV storage systems are similar to elec-
tric cars, where a central component for electricity storage
is the battery. When it comes to technology, our hypotheses
are therefore based on recent surveys of electric mobility
(Fazel 2014; Fett et al. 2018). From these studies, we for-
mulate the hypotheses that the higher the “perceived risk”,
the lower PU and PEOU. Likewise, PV storage systems are
complex products, and therefore we posit that “perceived
knowledge” will increase PU and PEOU. However, recent
studies have also shown that the adopters of PV and elec-
tric vehicle adopters differ geographically, indicating dif-
ferences in the adoption process of both technologies (van
der Kam et al. 2018).

As PV storage systems may be associated with renew-
able energies and environmental issues are frequently men-
tioned in political debates on renewables, we further hy-
pothesize that environmental awareness and social respon-
sibility will positively affect PU. As previous surveys found
various potential benefits of PV storage systems, such as
grid relief or increased awareness of individual electric-
ity usage (Figgener et al. 2018, 2017), we posit that such
“additional benefits” will positively affect PU, PEOU, and
ACC/IB. Likewise, studies pointed out that “perceived in-
dependence” from the common grid may be a factor influ-
encing PU (Figgener et al. 2018; Hoffmann et al. 2018).

3 Methodology and data

3.1 Operationalization

The procedure for measuring and operationalizing the con-
structs follows the procedure described in Fazel (Fazel
2014) and Homburg and Giering (Homburg Giering 1998).
As a first step, existing constructs were collected from
TAM literature. Additionally, studies of user acceptance
using SEM in the area of electric mobility and renewable
energies were screened for suitable construct operational-
izations. This was complemented by extensive research
in the two standard works Marketing Scales Handbook
and Handbook of Marketing Scales, in which numerous
constructs used in the context of structural equation mod-
els are listed with the corresponding items (Fazel 2014;
Bruner 2015; Haws et al. 2014). Suitable constructs were
documented in the longlist, including all items and in-
formation on the specification of the measurement model
(formative/reflective) and their source. From this collection
of potential indicators, those relevant to our subject were

identified. These were checked for their performance in
the empirical studies. After removing the redundant in-
dicators, the selected constructs and items were included
in the shortlist. During the analysis of the SEM results,
a test for discriminance validity (see Sect. 4) would en-
sure that the constructs could be distinguished from one
another. Additionally, we added self-developed constructs
and items based on surveys evaluating user acceptance of
PV battery storage systems or asking adopters for reasons
for their decision to install a PV battery storage system.
The constructs in the shortlist and the associated items were
transferred to the questionnaire to conduct a comprehen-
sive pretest. Different persons checked the questionnaire
for comprehensibility and completeness of the content and
made suggestions for changes.

3.2 Structural equation modeling

The latent variables and their definitions are presented in Ta-
ble 1 in the Appendix. In general, a measurement model for
a latent variable can be specified as formative or reflective.
In the case of reflective measurement models, the indica-
tors are influenced by changes in the latent variable. There-
fore a change in the construct value induces changes in
all indicators (Herrmann et al. 2006). Indicators are highly
correlated and interchangeable (Weiber Mühlhaus 2014).
In contrast to this, for formative measurement models, the
indicators influence the latent variable. Furthermore, the
construct is entirely derived from its indicators. Formative
measurement models only require a relationship between
indicators and construct, not necessarily between the dif-
ferent indicators (Jarvis et al. 2003). A classic example of
a formative construct is the Socio-Economic Status, mea-
sured by education, income, and occupational prestige (Jahn
2007; Urban Mayerl 2014). Choosing the correct measure-
ment model is a difficult decision (Christophersen Grape
2009). Jarvis et al. (2003) provide practical guidelines to
help with the choice.

Following (Homburg Klarmann 2006), we mainly use
reflective constructs to represent the latent variables. How-
ever, for some latent variables, such as the construct “addi-
tional benefits”, it is necessary to consider different aspects
(e.g., a higher awareness of individual energy consumption,
possibly relieving the distribution grid or the possibility to
extend the economic lifespan of a PV system after the ex-
piry of the feed-in tariff), which as a whole form the con-
struct. Hence, these constructs are specified as formative.
More details on the measurement models for all constructs
are given in Table 2 in the Appendix. We chose a par-
tial least squares structural equation model (PLS-SEM), as
is recommended for model extensions and exploratory re-
search (Hair et al. 2011). The validity of this approach is
discussed in Sect. 4.
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Fig. 2 Demographics and EV
experience of the sample

45.2%

19.4%

14.0%

16.1%

5.4%
Age

under 30 yrs

30 – 39 yrs

40 – 49 yrs

50 – 59 yrs

60 yrs & older

24.7%

25.3%
18.0%

19.3%

12.7%

Household income

less than 30,000 €

30,000 – 49,999 €

50,000 – 69,999 €

70,000 – 100,000 €

more than 100,000 €

55.7%

13.1%

18.6%

6.0%
6.6%

Education
university degree

university entrance diploma

apprenticeship

secondary education

other

64.2%
10.2%

13.4%

12.3%

Prosumer status

No-PV

PV (no self-consumption)

PV-System (self-consumption)

PV+Battery

3.3 Survey data

After pretesting, empirical data to validate the SEM was
collected with an online survey between July and September
2019. Survey participants were recruited in various solar en-
ergy or electric mobility-related internet forums. Of the 301
respondents who started the survey, 208 completed it. Due
to short answering times that raise doubts about whether
questions were read thoroughly (faster than half the me-
dian response time), 15 responses were excluded (cf. Leiner
2013). Our sample is not representative of the German pop-
ulation. The share of respondents below 30 years (45.2%)
is higher than in the German population, while the share
of respondents who are 60 years and older (5.4%) is lower.
Furthermore, women are underrepresented, as only 36.7%
of survey participants are female. (Fig. 2).

Yearly household incomes also differ from the distribu-
tion of the German population: 37% of participants state an
income ranging between 50,000 and 100,000 C and 18%
above 100,000 C. Potenzial explanations are twofold: first,
education levels are high, with 55.7% of the respondents
having a university degree. Second, the share of people liv-
ing in multi-person households is also very high (88.3%).
Many respondents have experience with PV systems. More
than one-third of respondents own PV systems. About one-
fourth of the survey participants use self-generated solar
energy, and 12.3% use battery storage systems to increase
their self-consumption. Lots of similarities to other studies
on the acceptance of innovative technologies (namely EV
adoption and wireless charging for EVs) in Germany can
be observed. In these studies, most participants also lived in
multi-person households, were males, had a university de-

gree and above-average incomes (Fett et al. 2018; Frenzel
et al. 2015).

4 Evaluation

4.1 Acceptance

Fig. 3 shows the average scores of the latent variable ac-
ceptance and its indicators. A Likert scale ranging from
1 (“completely disagree”) to 5 (“completely agree”) was
used for all indicators. Values of 4 and higher are regarded
as consent (respectively called positive values), values of
2 and lower as dissent (respectively called negative values).
About two-thirds consider PV battery storage systems to
be “sensible and sustainable” and can imagine using one
(scores of 4 and higher); 63% also state that they would
like to use PV battery storage systems. The average values
for these three indicators are all weakly positive, with val-
ues of 3.8 and 3.7. Almost half of the survey participants
also believe that investing in a battery storage system has
more advantages than disadvantages. Even though 43.2%
state that they can imagine or have already invested in a PV
battery storage system, the average value is only slightly
positive with 3.2. An explanation for these values is that
not everyone can benefit from self-consumption. Tenants
and people living in apartments cannot invest in a PV bat-
tery storage system.

A more detailed analysis shows that more than 60% of
respondents living in their own detached house can imag-
ine or have already invested in a PV battery storage sys-
tem. Consequentially, their average value for this indicator
is higher at 3.7. The resulting construct value for accep-
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Fig. 3 Average values of the construct “acceptance”and its indicators

tance is 3.6. For most respondents, the average value of
acceptance reaches positive values (3.5 and higher). As an
additional question, survey participants were asked if they
consider themselves supporters or adversaries of PV battery
systems or to be neutral towards the technology. Only 2%
of the respondents stated to be adversaries, and a majority
declared to be supporters.

4.2 Quality criteria

All reflective measurement models are tested on reliability
and validity. To assure indicator reliability, the factor load-
ings (≥0.4), the significance levels (t≥1.6), and the item-to-
total correlations (≥0.4) are analyzed (Hulland 1999; Hu-
ber et al. 2007; Zarantonello Pauwels-Delassus 2015). Con-
struct reliability is tested by Cronbach’s alpha (≥0.65), fac-
tor reliability (≥0.6), and average variance extracted (≥0.5)
(DeVellis 2003; Bagozzi Yi 1988; Fornell Larcker 1981).
If all constructs meet the required thresholds for average
variance extracted and the factor reliability, then conver-
gence validity is also given (Backhaus et al. 2016). The
Fornell/Larcker-criterion is met for all constructs, ensuring
discriminance validity (Fornell Larcker 1981). Formative
measurement models do not require correlations between
indicators. Consequently, the statistical quality assessment
used for reflective measurement models cannot be applied
(Backhaus et al. 2016). According to some authors, their
validity and reliability cannot be tested at all (Homburg
Klarmann 2006; Rossiter 2002). Nevertheless, we chose
formative measurements for the three constructs shown in
Table 2 in the Appendix. It would not have been possible
to cover all necessary aspects of the constructs using reflec-
tive measurement models. Meta-analyses support the use of
formative constructs. In the analyzed peer-reviewed articles,
up to 35.2% of measurement models are erroneously spec-
ified as reflective (Jarvis et al. 2003; Fassott 2006; Eberl
2004). As statistical quality assessment is not possible, we

follow the C-OAR-SE approach to assure content validity
(Rossiter 2002). To verify the absence of critical levels of
multicollinearity, additionally, the variance inflation factors
(≤5) are analyzed (Hair et al. 2011).

The R2-value for acceptance is 0.75 and considered sub-
stantial (Chin 1998). The predictive value Q2 for accep-
tance is 0.51, so the model has predictive relevance (For-
nell Bookstein 1982). These are excellent values indicating
a good explanatory value of our model.

4.3 Main effects of PLS-SEM

Perceived gains (0.24), behavioral beliefs (0.40), perceived
usefulness (0.43), perceived ease of use (0.35), and per-
ceived knowledge (0.20) have significant positive total ef-
fects on acceptance of PV battery systems. On the other
hand, perceived risk (–0.08) has a significant negative total
effect on acceptance. However, only perceived gains (0.14),
behavioral beliefs (0.26), perceived usefulness (0.43), and
perceived ease of use (0.23) have significant direct effects
on acceptance. Furthermore, the effects of perceived gains,
behavioral beliefs, and perceived ease of use are ampli-
fied through indirect effects. Factors influencing endoge-
nous constructs that influence acceptance should therefore
be analyzed. All direct effects are listed in Table 3 in the
Appendix, and significant effects are highlighted in Fig. 4.

While perceived knowledge (–0.27) has a strong negative
impact, personal innovativeness (0.41) has a strong positive
effect on additional benefits, which in turn has a significant
positive effect on perceived ease of use (0.23). Perceived
ease of use is also strongly influenced by perceived risk
(–0.25) and perceived knowledge (0.48). Furthermore, per-
ceived knowledge (0.11) and perceived ease of use (0.27)
positively impact perceived usefulness.

In addition to the already mentioned endogenous con-
structs, perceived usefulness is also influenced by two ex-
ogenous constructs. Both perceived gains (0.22) and behav-
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Fig. 4 Structural equation model, significant effects emphasized

ioral beliefs (0.34) have strongly significant positive effects
on perceived usefulness.

5 Discussion and limitations

Our findings show that TAM provides a valuable framework
to study the acceptance of PV battery systems. Perceived
usefulness and perceived ease of use are among the vari-
ables with the highest explanatory values. Surprisingly, and
somewhat in contrast to the literature on PV (Scheller et al.
2021; Balta-Ozkan et al. 2021), we could not detect peer
effects on the decision to adopt PV in our sample. The low
importance of peer effects may be related to the sample dis-
tribution that may be biased towards innovators and early
adopters of technology, whose willingness to adopt gener-
ally depends less on the influence of others (Rogers 2003).
The significant effect of personal innovativeness also under-
lines this observation. While perceived gains are important
to understand the intention to buy, the variables measuring
environmental awareness and social responsibility did not
yield significant effects. Therefore, within our sample, mo-
tivations to buy PV storage systems appear more driven by
self-interest than altruistic motives.

Our study is limited by using formative measurement
models for some constructs (c.f. Sect. 4.2), whose reliability
and validity cannot be assessed through statistical means.
As discussed in Sect. 3.3, our sample is not representative
of the German population. Personal experience with re-

newable energy sources increases acceptance (Agentur für
Erneuerbare Energien e.V. 2016). With increasing numbers
of installed battery storage systems, future studies should
investigate if the personal experience with battery storage
systems also affects the factors influencing their acceptance.
The results presented in Sect. 4.1 show that acceptance for
battery storage systems might differ between homeowners
and tenants. It was not possible to perform a multigroup
analysis comparing the two because the number of respon-
dents of each group was lower than the necessary thresh-
olds.

6 Conclusions and future work

Our research indicates that, in general, there is a high level
of acceptance for battery storage systems. Our results sug-
gest that acceptance for PV battery storage systems is high-
est among homeowners. However, even tenants or people
living in apartments believe that PV battery storage sys-
tems are “sensible and sustainable”, and a majority of them
would like to use one.

Factors that might be important for the adoption of bat-
tery storage systems have been derived from the SEM. On
the one hand, perceived knowledge about battery storage
systems and behavioral beliefs (e.g., the possibility of con-
tributing to energy transition) have a significant positive
effect on acceptance. Perceived risks (e.g., doubts about
lifetime), on the other hand, have a significant negative ef-
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fect on acceptance. Therefore, campaigns informing peo-
ple about battery storage systems and educating people
about the current lifetime of batteries and existing war-
ranties could increase acceptance and adoption. The per-
ceived gains of battery storage systems (which mainly de-
pend on the costs) also play an essential role. However, this
factor improves by itself as battery prices continue declin-
ing.

Our results show that acceptance levels are different be-
tween homeowners and tenants. However, our sample size
was insufficient to perform a multigroup analysis and ana-
lyze how the factors influencing acceptance for battery stor-
age systems differ between the two groups. This could be
addressed in future studies. PV battery storage systems can
be economical particularly for PV users whose guaranteed
feed-in tariffs are running out (Fett et al. 2017); our results
also indicate that continued operation after feed-in tariffs
influences the acceptance for battery storage systems. Fu-
ture work could focus on surveying more PV owners who
do not have battery storage systems yet. Their needs could
then be analyzed in detail. Communication strategies for
promoting PV battery storage systems could be developed
based on the results of SEM and corresponding multigroup
analysis.
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tion, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view
a copy of this licence, visit http://creativecommons.org/licenses/by/4.
0/.
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Appendix

Table 1 Latent variables and their definitions

Latent variable Definition

Personal innovativeness The degree of interest in innovations and willingness to try innovative products (Rogers 2003)

Subjective norms The degree of approval for the use of PV battery systems that a person perceives from his social environment
(Fishbein Ajzen 1975)

Image The degree to which the use of PV battery systems is perceived to enhance one’s status in one’s social system
(Moore Benbasat 1991)

Environmental awareness The degree to which a person’s decisions are influenced by environmental concerns (Roberts 1995)

Behavioral beliefs The degree to which a person believes that the use of PV battery systems will have positive effects (Ajzen 1991)

Perceived ease of use The degree to which a person believes that using PV battery systems would be free of effort (Dudenhöffer 2015;
Davis 1989)

Perceived usefulness The degree to which a person believes that using PV battery systems would be useful (Dudenhöffer 2015; Davis
1989)

Perceived risk The degree to which a person believes that using PV battery systems is safe (Fazel 2014)

Perceived knowledge The degree to which a person believes to have a broad knowledge about PV battery systems (Dudenhöffer 2015)

Perceived independence The degree to which a person believes that an installation will make her independent from the common electric-
ity distribution system

Perceived subsidies The degree to which a person believes that the purchase of a PV battery system is supported financially

Additional benefits The degree to which an individual believes that a PV battery system has benefits encompassing financial gains
and its usefulness

Perceived gains (PG) The degree to which a person believes that a PV battery system will yield financial profits

Social responsibility (SR) The degree to which an individual believes that costs and benefits of PV battery system should be distributed
equally

Intention to buy (IB) The degree to which a person is willing to buy a PV battery system

Table 2 Overview of measurement models

Latent variable Composition # of indicators Source

Environmental awareness
(EA)

Reflective 5 (Bruner 2015; Haws et al. 2014; Roberts 1995; Jansson 2011)

Subjective norms (SN) Reflective 4 (Venkatesh Davis 2000; Venkatesh et al. 2003; Fishbein Ajzen 1975;
Mathieson 1991)

Personal innovativeness (PI) Reflective 6 (Fazel 2014; Parasuraman 2000)

Image (IMG) Reflective 4 (Fazel 2014; Tornatzky Klein 1982)

Perceived independence
(PID)

Reflective 4 (Figgener et al. 2018; Hoffmann et al. 2018)

Perceived risk (PR) Reflective 5 (Figgener et al. 2018; Fazel 2014; Hoffmann et al. 2018; Bauer 1960;
Cheng et al. 2006)

Perceived subsidies (PS) Reflective 3 Self-developed

Perceived knowledge (PK) Reflective 4 (Fazel 2014; Srinivasan Ratchford 1991)

Additional benefits (AB) Formative 4 (Figgener et al. 2018)

Perceived gains (PG) Reflective 5 (Figgener et al. 2018; Fazel 2014; Hoffmann et al. 2018; Moshövel
et al. 2015)

Social responsibility (SR) Formative 3 (Wiesehügel 2013; PV MAGAZINE 2014; Rutschmann 2019)

Behavioral beliefs (BB) Formative 5 (Figgener et al. 2018; Hoffmann et al. 2018; Rentzing 2011)

Perceived usefulness (PU) Reflective 4 (Davis 1989; Venkatesh Davis 2000; Ajzen 1991; Fishbein Ajzen
1975)

Perceived ease of use
(PEOU)

Reflective 4 (Davis 1989; Venkatesh et al. 2003)

Acceptance/Intention to buy
(IB)

Reflective 5 (Davis 1989; Venkatesh Davis 2000)
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Table 3 Results of SEM Analysis

Factor Target Path coefficients t Hypothesis f2

PU IB 0.432 6.207 Yes 0.244

PEOU IB 0.234 5.558 Yes 0.150

PEOU PU 0.265 4.712 Yes 0.123

EA PU –0.006 0.113 No 0.000

SN PU 0.093 1.423 No 0.012

PI PU 0.057 1.090 No 0.008

PI AB 0.413 5.644 Yes 0.189

IMG PU 0.010 0.172 No 0.000

PID PU 0.010 0.174 No 0.000

PS PU 0.053 0.868 No 0.006

PR PU 0.014 0.252 No 0.000

PR PEOU –0.249 3.603 Yes 0.087

PK PU 0.114 1.752 Yes 0.019

PK PEOU 0.483 8.562 Yes 0.348

PK AB –0.266 2.993 Yes (opposite sign) 0.078

AB PU 0.070 0.991 No 0.006

AB PEOU 0.234 3.037 Yes 0.082

AB IB –0.042 0.780 No 0.003

PG PU 0.218 2.278 Yes 0.054

PG IB 0.142 2.497 Yes 0.036

SR PU –0.016 0.311 No 0.001

BB PU 0.335 4.645 Yes 0.124

BB IB 0.260 4.143 Yes 0.095

Acknowledgements This publication was written in the context of the
Research Training Group ENRES, which is funded by the Ministry of
Science, Research and the Arts (MWK) in Baden-Württemberg.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Conflict of interest D. Fett, J. Dehler-Holland and M. Schmutz declare
that they have no competing interests.

References

Agentur für Erneuerbare Energien e.V. (2016) Akzeptanz-Umfrage
2016. https://www.unendlich-viel-energie.de/mediathek/grafiken/
akzeptanz-umfrage-2016. Accessed March 30th 2021

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

Backhaus K, Erichson B, Plinke W, Weiber R (2016) Multivari-
ate Analysemethoden: Eine anwendungsorientierte Einführung,
14th edn. Springer Gabler, Berlin, Heidelberg

Bagozzi RP, Yi Y (1988) On the evaluation of structural equation mod-
els. JAMS 16(1):74–94. https://doi.org/10.1007/BF02723327

Balta-Ozkan N, Yildirim J, Connor PM, Truckell I, Hart P (2021) En-
ergy transition at local level: analyzing the role of peer effects and
socio-economic factors on UK solar photovoltaic deployment.
Energy Policy 148:112004. https://doi.org/10.1016/j.enpol.2020.
112004

Bauer RA (1960) Consumer behavior as risk taking. In: Hancock RS
(ed) Dynamic Marketing for a Changing World, Proceedings of
the 43rd. Conference of the American Marketing Association,
pp 389–398

Bruner GC (2015) Marketing scales handbook: multi-item measures
for consumer insight research. GCBII Productions, Fort Worth

Cheng JM-S, Sheen G-J, Lou G-C (2006) Consumer acceptance of the
internet as a channel of distribution in Taiwan—a channel func-
tion perspective. Technovation 26(7):856–864. https://doi.org/10.
1016/j.technovation.2005.01.001

Chin WW (1998) The partial least squares approach for structural
equation modeling. In: Methodology for business and manage-
ment, modern methods for business research. Lawrence Erlbaum,
Mahwah, pp 295–336

Christophersen T, Grape C (2009) Die Erfassung latenter Konstrukte
mit Hilfe formativer und reflektiver Messmodelle. In: Albers S,
Klapper D, Konradt U, Walter A, Wolf J (eds) Methodik der em-
pirischen Forschung. Gabler, Wiesbaden, pp 103–118

Davis FD (1989) Perceived usefulness, perceived ease of use, and user
acceptance of information technology. MISQ 13(3):319. https://
doi.org/10.2307/249008

DeVellis RF (2003) Scale development: theory and applications,
2nd edn. SAGE, Thousand Oaks (http://www.loc.gov/catdir/
enhancements/fy0657/2002152102-d.html)

Dudenhöffer K (2015) Akzeptanz von Elektroautos in Deutschland
und China: Eine Untersuchung von Nutzungsintentionen im An-
fangsstadium der Innovationsdiffusion. Springer Gabler, Wies-
baden

Eberl M (2004) Formative und reflektive Indikatoren im Forschungs-
prozess: Entscheidungsregeln und die Dominanz des reflek-
tiven Modells. Inst. für Organisation, Seminar für Empirische
Forschung und Quantitative Unternehmensplanung, München

Fassott G (2006) Operationalisierung latenter Variablen in Struktur-
gleichungsmodellen: Eine Standortbestimmung. Schmalenbachs
Z Betriebswirtsch Forsch 58(02):67–88

Fazel L (2014) Akzeptanz von Elektromobilität: Entwicklung und Vali-
dierung eines Modells unter Berücksichtigung der Nutzungsform

K

https://www.unendlich-viel-energie.de/mediathek/grafiken/akzeptanz-umfrage-2016
https://www.unendlich-viel-energie.de/mediathek/grafiken/akzeptanz-umfrage-2016
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1007/BF02723327
https://doi.org/10.1016/j.enpol.2020.112004
https://doi.org/10.1016/j.enpol.2020.112004
https://doi.org/10.1016/j.technovation.2005.01.001
https://doi.org/10.1016/j.technovation.2005.01.001
https://doi.org/10.2307/249008
https://doi.org/10.2307/249008
http://www.loc.gov/catdir/enhancements/fy0657/2002152102-d.html
http://www.loc.gov/catdir/enhancements/fy0657/2002152102-d.html


170 NachhaltigkeitsManagementForum (2021) 29:161–171

des Carsharing. Springer Gabler, Wiesbaden (Zugl.: Chemnitz,
Techn. Univ., Diss., 2013)

Fett D, Ensslen A, Jochem P, Fichtner W (2018) A survey on user
acceptance of wireless electric vehicle charging. WEVJ 9(3):36.
https://doi.org/10.3390/wevj9030036

Fett D, Neu M, Keles D, Fichtner W (2018) Self-consumption poten-
tials of existing PV systems in German households. In: 2018 15th
International Conference on the European Energy Market (EEM)
Lodz, 27–29 June 2018, pp 1–5

Figgener J et al (2017) Wissenschaftliches Mess- und Evaluierungspro-
gramm Solarstromspeicher 2.0: Jahresbericht 2017. http://www.
speichermonitoring.de/fileadmin/user_upload/Speichermonito
ring_Jahresbericht_2017_ISEA_RWTH_Aachen.pdf. Accessed
March 30th 2021

Figgener J, Haberschusz D, Kairies K-P, Wessels O, Tepe B, Sauer DU
(2018) Wissenschaftliches Mess- und Evaluierungsprogramm So-
larstromspeicher 2.0: Jahresbericht 2018. ISEA, Aachen

Fishbein M, Ajzen I (1975) Belief, attitude, intention and behavior:
an introduction to theory and research, 4th edn. Addison-Wesley,
Reading

Fornell C, Bookstein FL (1982) Two structural equation models:
LISREL and PLS applied to consumer exit-voice theory. J Mark
Res 19(4):440–452. https://doi.org/10.2307/3151718

Fornell C, Larcker DF (1981) Evaluating structural equation models
with unobservable variables and measurement error. J Mark Res
18(1):39–50. https://doi.org/10.2307/3151312

Frenzel I, Jarass J, Trommer S, Lenz B (2015) Erstnutzer von
Elektrofahrzeugen in Deutschland: Nutzerprofile, Anschaffung,
Fahrzeugnutzung. Deutsches Zentrum für Luft- und Raumfahrt
e.V., Berlin

Gährs S, Mehler K, Bost M, Hirschl B (2015) Acceptance of ancillary
services and willingness to invest in PV-storage-systems. Energy
Procedia 73:29–36. https://doi.org/10.1016/j.egypro.2015.07.554

Hair JF, Ringle CM, Sarstedt M (2011) PLS-SEM: indeed a silver bul-
let. J Mark Theory Pract 19(2):139–152. https://doi.org/10.2753/
MTP1069-6679190202

Haws KL, Winterich KP, Naylor RW (2014) Seeing the world
through GREEN-tinted glasses: green consumption values and re-
sponses to environmentally friendly products. J Consum Psychol
24(3):336–354. https://doi.org/10.1016/j.jcps.2013.11.002

Herrmann A, Huber F, Kressmann F (2006) Varianz- und kovari-
anzbasierte Strukturgleichungsmodelle - ein Leitfaden zu deren
Spezifikation, Schätzung und Beurteilung. Schmalenbachs Z
Betriebswirtsch Forsch 1:34–66

Hoffmann E, Mohaupt F, Ortmanns M (2018) Akzeptanz von Speicher-
dienstleistungen und weiteren Energiedienstleistungen: Stand
der Forschung aus sozialwissenschaftlicher Perspektive. Projekt
ESQUIRE, Berlin

Homburg C, Giering A (1998) Konzeptualisierung und Operational-
isierung komplexer Konstrukte: Ein Leitfaden für die Marketing-
forschung. In: Hildebrandt L (ed) Die Kausalanalyse: Ein Instru-
ment der empirischen betriebswirtschaftlichen Forschung. Schäf-
fer-Poeschel, Stuttgart, pp 111–146

Homburg C, Klarmann M (2006) Die Kausalanalyse in der em-
pirischen betriebswirtschaftlichen Forschung: Problemfelder und
Anwendungsempfehlungen. Universität Mannheim Institut f.
Marktorientierte Unternehmensführung, Mannheim

Huber F, Herrmann A,Meyer F, Vogel J, Vollhardt K (2007) Kausalmod-
ellierung mit Partial Least Squares: Eine anwendungsorientierte
Einführung. Gabler, Wiesbaden https://doi.org/10.1007/978-3-
8349-9328-1

Huijts NMA, Molin EJE, Steg L (2012) Psychological factors in-
fluencing sustainable energy technology acceptance: a review-
based comprehensive framework. Renew Sustain Energy Rev
16(1):525–531. https://doi.org/10.1016/j.rser.2011.08.018

Hulland J (1999) Use of partial least squares (PLS) in strategic
management research: a review of four recent studies. Strateg

Manag J 20(2):195–204. https://doi.org/10.1002/(SICI)1097-
0266(199902)20:2

Jahn S (2007) Strukturgleichungsmodellierung mit LISREL, AMOS
und SmartPLS: Eine Einführung. Techn. Univ., Fak. für Wirt-
schaftswiss, Chemnitz

Jansson J (2011) Consumer eco-innovation adoption: assessing attitu-
dinal factors and perceived product characteristics. Bus Strat Env
20(3):192–210. https://doi.org/10.1002/bse.690

Jarvis CB, MacKenzie SB, Podsakoff PM (2003) A critical review of
construct indicators and measurement model misspecification in
marketing and consumer research. J Consum Res 30(2):199–218.
https://doi.org/10.1086/376806

van der Kam MJ, Meelen AAH, van Sark WGJHM, Alkemade F
(2018) Diffusion of solar photovoltaic systems and electric ve-
hicles among Dutch consumers: implications for the energy
transition. Energy Res Soc Sci 46(5):68–85. https://doi.org/10.
1016/j.erss.2018.06.003

Kost C, Shammugam S, Jülch V, Nguyen H-T, Schlegl T (2018)
Stromgestehungskosten Erneuerbare Energien. Fraunhofer In-
stitute for Solar Energy Systems ISE, Freiburg (https://www.
ise.fraunhofer.de/content/dam/ise/de/documents/publications/
studies/DE2018_ISE_Studie_Stromgestehungskosten_
Erneuerbare_Energien.pdf)

Leiner DJ (2013) Too fast, too straight, too weird. Post hoc identifi-
cation of meaningless data inInternet surveys. Ludwig-Maximil-
ians-Universität, Munich (http://www.websm.org/uploadi/editor/
1404997690Leiner_2013_Too_Fast_Too_Straight_Too_Weird.
pdf)

Lucke D (1995) Akzeptanz. VS, Wiesbaden
Mathieson K (1991) Predicting user intentions: comparing the tech-

nology acceptance model with the theory of planned behavior. Inf
Syst Res 2(3):173–191. https://doi.org/10.1287/isre.2.3.173

Moore GC, Benbasat I (1991) Development of an instrument to mea-
sure the perceptions of adopting an information technology inno-
vation. Inf Syst Res 2(3):192–222. https://doi.org/10.1287/isre.2.
3.192

Moshövel J et al (2015) Analysis of the maximal possible grid relief
from PV-peak-power impacts by using storage systems for in-
creased self-consumption. Appl Energy 137:567–575. https://doi.
org/10.1016/j.apenergy.2014.07.021

Moshövel J et al (2015) Analyse des wirtschaftlichen, technis-
chen und ökologischen Nutzens von PV-Speichern: Gemein-
samer Ergebnisbericht für das Projekt PV-Nutzen. https://www.
ioew.de/fileadmin/user_upload/BILDER_und_Downloaddateien/
Publikationen/2015/PV-Nutzen_Verbund-Schlussbericht.pdf.
Accessed March 30th 2021

Parasuraman A (2000) Technology readiness index (Tri). J Serv Res
2(4):307–320. https://doi.org/10.1177/109467050024001

PV MAGAZINE, (2014) Photovoltaik-Eigenverbrauch: Umsatzs-
teuer richtig rechnen. https://www.pv-magazine.de/2014/10/29/
photovoltaik-eigenverbrauch-umsatzsteuer-richtig-rechnen/. Ac-
cessed March 30th 2021

Quiring O (2006) Methodische Aspekte der Akzeptanzforschung bei
interaktiven Medientechnologien vol 6. https://doi.org/10.5282/
ubm/epub.1348

Rentzing S (2011) Die schmutzige Seite des sauberen Stroms. https://
www.heise.de/tr/artikel/Die-schmutzige-Seite-des-sauberen-
Stroms-1279759.html (Technology Review). Accessed March
30th 2021

Roberts JA (1995) Profiling levels of socially responsible consumer
behavior: a cluster analytic approach and its implications for mar-
keting. J Mark Theory Pract 3(4):97–117. https://doi.org/10.1080/
10696679.1995.11501709

Rogers EM (2003) Diffusion of innovations, 5th edn. Free Press, New
York

Rossiter JR (2002) The C-OAR-SE procedure for scale development
in marketing. Int J Res Mark 19(4):305–335. https://doi.org/10.
1016/S0167-8116(02)00097-6

K

https://doi.org/10.3390/wevj9030036
http://www.speichermonitoring.de/fileadmin/user_upload/Speichermonitoring_Jahresbericht_2017_ISEA_RWTH_Aachen.pdf
http://www.speichermonitoring.de/fileadmin/user_upload/Speichermonitoring_Jahresbericht_2017_ISEA_RWTH_Aachen.pdf
http://www.speichermonitoring.de/fileadmin/user_upload/Speichermonitoring_Jahresbericht_2017_ISEA_RWTH_Aachen.pdf
https://doi.org/10.2307/3151718
https://doi.org/10.2307/3151312
https://doi.org/10.1016/j.egypro.2015.07.554
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1016/j.jcps.2013.11.002
https://doi.org/10.1007/978-3-8349-9328-1
https://doi.org/10.1007/978-3-8349-9328-1
https://doi.org/10.1016/j.rser.2011.08.018
https://doi.org/10.1002/(SICI)1097-0266(199902)20:2
https://doi.org/10.1002/(SICI)1097-0266(199902)20:2
https://doi.org/10.1002/bse.690
https://doi.org/10.1086/376806
https://doi.org/10.1016/j.erss.2018.06.003
https://doi.org/10.1016/j.erss.2018.06.003
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/DE2018_ISE_Studie_Stromgestehungskosten_Erneuerbare_Energien.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/DE2018_ISE_Studie_Stromgestehungskosten_Erneuerbare_Energien.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/DE2018_ISE_Studie_Stromgestehungskosten_Erneuerbare_Energien.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/DE2018_ISE_Studie_Stromgestehungskosten_Erneuerbare_Energien.pdf
http://www.websm.org/uploadi/editor/1404997690Leiner_2013_Too_Fast_Too_Straight_Too_Weird.pdf
http://www.websm.org/uploadi/editor/1404997690Leiner_2013_Too_Fast_Too_Straight_Too_Weird.pdf
http://www.websm.org/uploadi/editor/1404997690Leiner_2013_Too_Fast_Too_Straight_Too_Weird.pdf
https://doi.org/10.1287/isre.2.3.173
https://doi.org/10.1287/isre.2.3.192
https://doi.org/10.1287/isre.2.3.192
https://doi.org/10.1016/j.apenergy.2014.07.021
https://doi.org/10.1016/j.apenergy.2014.07.021
https://www.ioew.de/fileadmin/user_upload/BILDER_und_Downloaddateien/Publikationen/2015/PV-Nutzen_Verbund-Schlussbericht.pdf
https://www.ioew.de/fileadmin/user_upload/BILDER_und_Downloaddateien/Publikationen/2015/PV-Nutzen_Verbund-Schlussbericht.pdf
https://www.ioew.de/fileadmin/user_upload/BILDER_und_Downloaddateien/Publikationen/2015/PV-Nutzen_Verbund-Schlussbericht.pdf
https://doi.org/10.1177/109467050024001
https://www.pv-magazine.de/2014/10/29/photovoltaik-eigenverbrauch-umsatzsteuer-richtig-rechnen/
https://www.pv-magazine.de/2014/10/29/photovoltaik-eigenverbrauch-umsatzsteuer-richtig-rechnen/
https://doi.org/10.5282/ubm/epub.1348
https://doi.org/10.5282/ubm/epub.1348
https://www.heise.de/tr/artikel/Die-schmutzige-Seite-des-sauberen-Stroms-1279759.html
https://www.heise.de/tr/artikel/Die-schmutzige-Seite-des-sauberen-Stroms-1279759.html
https://www.heise.de/tr/artikel/Die-schmutzige-Seite-des-sauberen-Stroms-1279759.html
https://doi.org/10.1080/10696679.1995.11501709
https://doi.org/10.1080/10696679.1995.11501709
https://doi.org/10.1016/S0167-8116(02)00097-6
https://doi.org/10.1016/S0167-8116(02)00097-6


NachhaltigkeitsManagementForum (2021) 29:161–171 171

Rutschmann I (2019) Mieterstrom: Wie Sie als Mieter von günstigem
Solarstrom profitieren. https://www.finanztip.de/photovoltaik/
mieterstrom/ (Finanztip). Accessed March 30th 2021

Schäfer M, Keppler D (2013) Modelle der technikorientierten Akzep-
tanzforschung. Technische Universität Berlin, Berlin

Scheller F, Doser I, Schulte E, Johanning S, McKenna R, Bruckner T
(2021) Stakeholder dynamics in residential solar energy adoption:
findings from focus group discussions in Germany. Energy Res
Soc Sci 76(5):102065. https://doi.org/10.1016/j.erss.2021.102065

Schweizer-Ries P, Rau I, Zoellner J, Nolting K, Rupp J, Keppler D
(2010) Aktivität und Teilhabe – Akzeptanz Erneuerbarer En-
ergien durch Beteiligung steigern. https://www.tu-berlin.de/
fileadmin/f27/PDFs/Forschung/Abschlussbericht_Aktivitaet_
Teilhabe_format.pdf

Srinivasan N, Ratchford BT (1991) An empirical test of a model of
external search for automobiles. J Consum Res 18(2):233. https://
doi.org/10.1086/209255

Tornatzky LG, Klein KJ (1982) Innovation characteristics and innova-
tion adoption-implementation: a meta-analysis of findings. IEEE
Trans Eng Manag 29(1):28–45. https://doi.org/10.1109/TEM.
1982.6447463

Urban D, Mayerl J (2014) Strukturgleichungsmodellierung: Ein Rat-
geber für die Praxis, 1st edn. Springer VS, Wiesbaden

Venkatesh V, Davis FD (2000) A theoretical extension of the technol-
ogy acceptance model: four longitudinal field studies. Manag Sci
46(2):186–204. https://doi.org/10.1287/mnsc.46.2.186.11926

Venkatesh, Morris, Davis (2003) User acceptance of information tech-
nology: toward a unified view. MISQ 27(3):425. https://doi.org/
10.2307/30036540

Weiber R, Mühlhaus D (2014) Strukturgleichungsmodellierung: Eine
anwendungsorientierte Einführung in die Kausalanalyse mit Hilfe
von AMOS, SmartPLS und SPSS, 2nd edn. Springer Gabler,
Berlin

Wiesehügel K (2013) Die Energiewende und die soziale Frage: Das
Täuschen und Tarnen in der Debatte. https://gegenblende.dgb.de/
artikel/++co++23ac7252-a055-11e2-a150-52540066f352 (De-
battenmagazin, Gegenblende). Accessed March 30th 2021

Wirth H (2021) Recent facts about photovoltaics in Germany. Fraun-
hofer ISE, Freiburg

Zarantonello L, Pauwels-Delassus V (2015) The handbook of brand
management scales. Routledge, London

K

https://www.finanztip.de/photovoltaik/mieterstrom/
https://www.finanztip.de/photovoltaik/mieterstrom/
https://doi.org/10.1016/j.erss.2021.102065
https://www.tu-berlin.de/fileadmin/f27/PDFs/Forschung/Abschlussbericht_Aktivitaet_Teilhabe_format.pdf
https://www.tu-berlin.de/fileadmin/f27/PDFs/Forschung/Abschlussbericht_Aktivitaet_Teilhabe_format.pdf
https://www.tu-berlin.de/fileadmin/f27/PDFs/Forschung/Abschlussbericht_Aktivitaet_Teilhabe_format.pdf
https://doi.org/10.1086/209255
https://doi.org/10.1086/209255
https://doi.org/10.1109/TEM.1982.6447463
https://doi.org/10.1109/TEM.1982.6447463
https://doi.org/10.1287/mnsc.46.2.186.11926
https://doi.org/10.2307/30036540
https://doi.org/10.2307/30036540
https://gegenblende.dgb.de/artikel/++co++23ac7252-a055-11e2-a150-52540066f352
https://gegenblende.dgb.de/artikel/++co++23ac7252-a055-11e2-a150-52540066f352

	A survey on the user acceptance of PV battery storage systems
	Abstract
	Introduction
	Acceptance and hypotheses
	Acceptance
	Hypotheses

	Methodology and data
	Operationalization
	Structural equation modeling
	Survey data

	Evaluation
	Acceptance
	Quality criteria
	Main effects of PLS-SEM

	Discussion and limitations
	Conclusions and future work
	Appendix
	References


