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Abstract 

Background  Photovoltaic (PV) systems are nowadays a central pillar in the expansion of renewable energy in Ger-
many. Nevertheless, further significant growth in renewable energy will be needed in the future to meet the national 
emission reduction targets set by the German government. Homeowners play a crucial role in the expansion of PV 
capacity. In a discrete choice experiment, we empirically examine the impact of a large number of dimensions 
on homeowners’ PV adoption, including attributes that have received less attention in the literature so far, such 
as the included (smart energy) services, government subsidies, and forms of financing.

Results  Our results show that increasing levels of smart energy services for PV systems increase respondents’ valu-
ation of smart energy services, while increasing the access rights of the contractual partner has a negative impact 
on the valuation. The latter negative effect is mitigated by an element of co-determination. Furthermore, our results 
point to the importance of government subsidies as a measure to increase PV adoption. Participants preferred 
one-time (or continuous) payments over continuous (or one-time) payments when government grants amounted 
to 40% (or 10%) of the investment cost; they were indifferent between both forms when subsidies amounted to 20% 
of the investment cost. Homeowners clearly preferred loan financing to self-financing only at an effective interest rate 
of 1.03%, as opposed to 3.53%. This result indicates a limited effectiveness of this subsidy measure, which is designed 
to overcome the problem of high investment costs from a conceptual point of view. Our results also show that home-
owners are not so heterogeneous when it comes to the importance they attach to certain attributes related to PV 
adoption. Decisions were made independent of socio-demographic characteristics, but are related in some cases 
to the homeowners’ value orientations and risk inclination.

Conclusions  Homeowners are more likely to adopt smart energy services when they are involved in the typically 
automated processes through decision prompts. Financial factors are of pivotal role. There is a need to tailor financing 
strategies, as preferences for subsidy schemes vary with the level of financing. In addition, low-interest loans are inef-
fective in reducing the high upfront costs of PV deployment. Smart energy services have great potential, but there are 
also some caveats.
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Background
Germany will need an annual PV expansion of about 23 
GW (by 2030) or 20 GW (by 2040), plus an additional 15 
GW per year for replacement installations in the medium 
term (cf. [1, 2]), to meet the targets of the Renewable 
Energy Sources Act (Erneuerbare-Energien-Gesetz, [3]) 
and, ultimately, Germany’s national emission reduction 
goals. Homeowners living in owner-occupied detached, 
semi-detached, or terraced houses (in the focus of this 
study) offer a large untapped expansion potential for PV. 
Of the 11.6 million households living in owner-occupied 
detached, semi-detached, or terraced houses in 2018 
[4], only 1.4 million (i.e., 12.1%) generated income from 
feeding electricity into the grid in 2020 [5], even though 
investments in residential PV systems can yield attrac-
tive financial returns [6–9]. The importance of this group 
of actors for the expansion of PV capacity in Germany 
is also reflected in the ambitions of the previous coali-
tion government to use all suitable roof surfaces for solar 
energy ([10], p. 57).

A number of studies conducted in different countries 
have identified motives and barriers in the PV adoption 
process (e.g., [11–25]). One important bottom line is that 
financial barriers in the form of high capital costs hinder 
the various non-financial factors favoring PV adoption 
(such as considerations of self-sufficiency, environmental 
concerns, a person’s desire to express their environmen-
tal awareness, or a person’s general interest in technol-
ogy for symbolic reasons). According to Balcombe et al. 
[15], despite the provision of feed-in tariffs, capital costs 
are the most significant barrier. In fact, empirical studies 
of households that are equipped with PV systems under-
score the importance of financial aspects by showing that 
financial aspects have played a very central role in the 
adoption of PV systems (cf. for example, [26–28]). Other 
empirical studies have reported that some of their exam-
ined households rejected microgeneration installations 
because of financial considerations after starting the 
adoption process (e.g., [12, 14]). Last but not least, our 
own preparatory research conducted as part of an online 
survey of 300 homeowners (241 of them without PV sys-
tems and 59 with PV systems) in Germany in 2019 ([29], 
p. 55–57) supports the conclusion that high upfront costs 
are a bottleneck in the diffusion of PV systems in Ger-
many. When asked in an open question what disadvan-
tages (multiple disadvantages could be mentioned) the 
241 homeowners without a PV system saw in purchasing 
a PV system for their household, 42% of the responses to 
the open question referred to “high acquisition or initial 
costs”. Compared to the second most frequently men-
tioned category, “effort involved in installing the system” 
(8%), this is a clear indication of a fundamental problem 
in the diffusion of photovoltaics systems in Germany. 

In this respect, subsidy payments are seen as an effec-
tive measure to increase the uptake of microgeneration 
energy technologies [3, 13, 30], even if they are contro-
versial from an economic point of view (e.g., [31]).

In the case of Germany and its ambitious expansion 
targets, subsidies are likely to continue to play an impor-
tant role in PV adoption in the future. According to Rog-
ers [32], financial aspects and resource scarcity are at the 
forefront of the adoption decisions of the late majority 
and laggards in a diffusion process. Although PV module 
prices have fallen significantly over the past four decades, 
the average selling price of a PV system with a rated out-
put of 10–100 kWp has remained relatively unchanged 
since 2012 (cf. [1]).

The German subsidy landscape is sufficiently differ-
entiated with respect to PV installations. The German 
Renewable Energy Sources Act provides for feed-in tariffs. 
Feed-in tariffs minimize investor risk by requiring elec-
tricity supply companies to purchase and pay for electric-
ity generated from renewable energy sources at a fixed 
price and by shortening payback periods. In addition, 
state-owned banks (e.g., KfW) and regional banks (e.g., 
NRW.Bank) offer homeowners advantageous low-cost 
solar loans for the installation of PV systems, providing 
an alternative to high lump-sum payments at relatively 
low borrowing costs. Thus, low-cost solar loans concep-
tually contribute to resolving the conflict identified by 
Jager [17] between high upfront costs at the time of pur-
chase and delayed revenues and/or cost savings from the 
operation of the PV system [Art. 4 para. 3 3].

Given the portfolio of different existing subsidy meas-
ures in Germany, the low PV diffusion among households 
in owner-occupied single-family, two-family, or terraced 
single-family homes is surprising. Therefore, our first 
research objective is to examine how homeowners value 
different subsidy measure alternatives that could be used 
by the German government to support a PV expansion 
to a 215 GW installed capacity in 2030 [Art. 4 para. 3 
3] [3]. To our knowledge, little is known about home-
owners’ preferences for different subsidy schemes. Pub-
lished studies on PV adoption have elicited homeowners’ 
(stated) preferences for individual subsidy measures, e.g., 
feed-in tariffs of varying size [16, 33], investment grants 
of varying size and timing [33] or for various more gen-
eral purchase premiums [3, 34], leaving out the theoreti-
cally important alternative of low-interest loans.

At the same time, the planned massive expansion of 
renewables carries the risk of increasing intermittency. 
Empirical evidence suggests that prosumers do not nec-
essarily adjust their electricity consumption significantly 
to the production level of their PV system (cf. e.g., [13, 35, 
36]). The digitalization of electricity grids enables auto-
mated demand-side flexibility options that can counteract 
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fluctuating electricity production, which is why it is con-
sidered necessary for a successful energy transition in 
Germany (e.g., [29]). The digitalization of electricity grids 
involves the combination of classical energy technologies 
(for generation, storage, and consumption) with informa-
tion and communication technologies (ICT), so-called 
smart energy products. Smart energy products, in turn, 
form the basis for the development of new smart energy 
services [29, 37], such as data-based remote maintenance 
of PV systems or grid-friendly remote control of PV sys-
tems coupled with battery energy storage systems (here-
after referred to as BES), e.g., to reduce peak demand.

However, the widespread adoption of grid-friendly 
smart energy services associated with PV installations 
is likely to be hampered by the need for homeowners 
to invest additional funds in battery energy storage. In 
addition, research in the smart meter context has shown 
that privacy concerns prevent households from adopting 
smart meters [38–42]; an issue that should also be rel-
evant in the PV context, as smart energy services imply 
that consumer data are transferred to the PV provider 
as a contractual partner. Another barrier to overcome is 
that some services are designed to automate processes 
and take place outside of the homeowner’s control. This 
loss of control is another serious barrier to the adoption 
of smart energy services, as studies have shown (e.g., 
[38–40]). In short, smart energy services send at least 
three signals that can be perceived in opposite ways from 
the homeowner’s perspective. Homeowners are attracted 
to smart energy services because of the level of service 
they offer, but privacy concerns and opaque automated 
processes, especially if they are beyond the homeowner’s 
control, cause them to avoid smart energy services.

In the present study, we contribute to previous research 
that has found that homeowners require significant 
financial compensation to accept remote monitoring and 
control or sharing of usage and personal data by a service 
provider [41], especially when the data are shared with 
third parties [43]. Our research contributes to the exist-
ing literature by examining the extent to which the fea-
tures of co-determination can overcome the challenges 
posed by automated processes, as well as the question 
of whether or not ’maximizing self-sufficiency’ is a more 
appealing goal than ’maximizing revenue from electricity 
sale’.

In the upcoming "Methods" section, we will describe 
the survey and the discrete choice experiment (hereaf-
ter referred to as DCE). In addition to the attributes that 
directly address our main research questions (i.e., gov-
ernment subsidies, financing forms, and included (smart 
energy) services), we aligned the selection of attributes 
with the results of our preliminary study from 2019 ([29], 
pp. 55–57) and included additional attributes (such as 

investment costs, expected annual nominal return, degree 
of self-sufficiency, and CO2 savings) in order to arrive at 
a more realistic purchase decision from the perspective 
of homeowners. In doing so, we provide subjects with a 
standardized frame of reference (the choice set with its 
particular alternatives of attribute-level combinations) 
for decision-making (cf. also [44]), which reduces the risk 
of uncertainty among laypersons regarding the benefits 
of PV systems (cf. [19]). In the following two sections, we 
first present and then discuss the results of our study. In 
the final section, we will draw some conclusions.

Methods
Data
We defined the target population for our online survey as 
homeowners who live in an owner-occupied property in 
Germany. Owners of apartments in apartment buildings 
were excluded because of the need to make a collective 
decision on PV installations. We commissioned a com-
mercial survey institute to draw a quota sample of (n =) 
700 target persons from an online access panel in August 
2020 (quota: household size). Of these, (n1 =) 250 persons 
were supposed to live in a household with PV installation 
and (n2 =) 450 persons were supposed to live in a house-
hold without PV installation. We retrieved the quota 
scheme from b4p 2019 [45].

At the beginning of our survey, we used several screen-
ing questions to exclude respondents from the survey 
who reported that their household members lived in 
a) an apartment; b) a rented house; or c) a residential 
property that they did not own (at least in part), or d) a 
property where they were not involved in energy-related 
decisions.

In addition, we included attention check items in the 
questionnaire to screen and exclude respondents who 
responded carelessly (cf. [46]). In this study, we focus 
on the gross sample of 450 (= n2) homeowners who 
reported living in a detached, semi-detached, or terraced 
house that is (at least partially) owned by the respond-
ent and not equipped with a PV system (average age 55 
years (SD = 12.32), 52% male, and 42% have a univer-
sity entrance qualification). Within this subsample, we 
restrict our analyses to these 382 (= n2a) household mem-
bers (on average 55 years old (SD = 12.01), 52% male, and 
41% with a high school diploma) who reported that they 
had not decided against the purchase of a PV system 
before the survey (cf. Table 1). Thus, our analysis is based 
on respondents who could reasonably be faced with a 
decision to adopt PV for their home.

Survey
The subject of the survey was electricity, mobility, and 
heat in the household sector. The survey consisted of a 



Page 4 of 23Shamon et al. Energy, Sustainability and Society           (2025) 15:48 

standardized questionnaire and of two separate DCEs, 
i.e., one that was designed for (n1 =) 250 households 
without PV installation and another one designed for 
(n2 =) 450 households with PV installation.1 The median 
time taken to complete the survey was 23 min for the 
(n2 =) 450 participants.

Discrete choice experiment
In the present DCE, we exposed study participants to 
12 choice sets after an introductory page (cf. Table 4 in 
the Appendix). Each choice set consisted of three unla-
beled alternatives and a no-choice option (see Fig. 1). We 
described the unlabeled alternatives by nine attributes 
(see Fig. 1), while the attribute levels varied between two 
and seven (see Table  2). The combination of attribute 
levels across the three unlabeled alternatives and par-
ticipants varied according to a randomized design with 
minimal overlap (shortcut method), which ensured a 
balanced representation of attribute levels and increased 
precision in the estimation of the main effects [47].

The no-choice option can be thought of as representing 
the status quo choice, such as "I would continue to use my 
current long-distance service provider" [47]. Its inclusion 
is necessary to align a DCE with utility maximization and 
demand theory ([48], p. 440) and allows for a more realis-
tic choice situation in the hypothetical setting of a DCE (cf. 
e.g., [49]). Previous methodological research has concluded 
that forced choices (i.e., not offering a no-choice option) 
can produce biased or incomplete results that lead to incor-
rect conclusions (e.g., [50, 51]). Accordingly, the inclusion 
of a no-choice option is considered an important measure 
to mitigate the hypothetical bias in DCEs (cf. [52], Part II).

Attributes and  hypotheses  We selected the attributes 
according to our research objectives and other attributes 
that we considered relevant in order to mimic a realistic 
purchasing decision (cf. Section Background). In addition 

to the technical system (i.e., PV vs. PV-BES), which forms 
the basis of our investigation, we used both financial and 
non-financial aspects to describe the particular technical 
system presented as an alternative. Specifically, we used 
four financial attributes (investment cost, yearly nomi-
nal return,2 government subsidies, and form of financing), 
which allow us to examine the relationship between the 
different gradations of each of the financial attributes and 
homeowners’ purchase intentions. Given the assumption 
of diminishing positive marginal utility of money in the 
theory of economic preferences (e.g., [53]), we expect that 
homeowners generally have stronger preferences for lower 
investment costs, higher government subsidies as well as 
higher yearly nominal returns (e.g., [14, 17, 30, 54]). Regard-
ing the form of financing, two alternative expectations are 
plausible. Considering only the cost of credit, it is reason-
able to expect that homeowners have a stronger preference 
for self-financing than for credit financing. However, since 
homeowners may also be under budget constraints (espe-
cially as a result of buying a house) or have the intention to 
invest their budget in alternative (possibly more profitable) 
investments, it is also reasonable to expect that they will 
prefer credit financing at low interest rates to self-financing 
or credit financing at high interest rates.

In addition, we used two attributes that include both 
financial and non-financial aspects: self-sufficiency 
potential and included (smart energy) services.3 The self-
sufficiency potential primarily captures aspirations for 
autarky, whether due to a desire to become independent 

Table 1  Distribution of household sizes according to quota plan (in %)

a Data taken from b4p 2019 [45] show the distribution of household sizes in Germany for people aged 25 and over, who own either a detached single-family house or 
a semi-detached house. This resulted in 6,850 cases, representing an estimated German population of 16.02 million

Household size Quota plana Gross sample 
(n = 700)

With PV (n1 = 250) Without PV (n2 = 450) Analytical 
sample 
(n2a = 382)

1 person 12 12 7 15 14

2 persons 44 46 38 51 49

3 persons 19 18 20 17 18

4 persons and more 25 24 34 18 19

1  Both DCEs have a different thematic focus. Each respondent answered 
only one DCE (depending on whether he or she lived in a household with or 
without a PV installation) and the standardized survey. Due to word limita-
tions, the DCE for homeowners with PV installation is not presented in this 
manuscript.

2  Although, from an economic point of view, financial performance indi-
cators should reflect all cash flows, we have deliberately refrained from 
including any subsidy payments in the description of the attribute "annual 
nominal return". The aim of discrete choice experiments is to quantify the 
effect of each attribute on respondents’ decisions in isolation. Linking the 
two attributes by stating that the reported annual nominal rate of return 
includes subsidy payments that would contradict this goal. Our nominal 
rate of return can therefore be understood as a kind of partial rate of return.
3  In the DCE, we referred to this attribute as "included services" instead of 
"smart energy services included". We feared that the latter term was not yet 
widely used in the population, so that different interpretations by respond-
ents could not be ruled out. However, the chosen level clearly expresses that 
we are investigating smart energy services.
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Technical system PV system PV system with 
ba�ery storage 

PV system 

I would not 
purchase any of 

these 
offers 

Supplier Supra-regional 
energy supply 

company 

Online merchant Online merchant 

Investment costs (includes 
purchase and installa�on costs) 

€15,000 €15,000 €20,000 € 

Expected yearly nominal return  
(*As a result of the sale of self-
produced electricity and reduced 
consump�on costs for electricity of 
an energy provider) 
over 20 years (considering age-
related power loss) 

2% 2% 6% 

Government subsidies  
(*If government subsidies is 
offered, it will be paid to you 
immediately a�er installa�on of 
the PV system.) 

One-�me 
investment grant 

of 10% 
(corresponds to 

€1,500) 

Con�nuous 
investment grant 

of €220 for 20 
years 

No investment 
grant 

Form of financing  
(*All figures refer to investment 
costs, independent of poten�al 
investment grants received a�er 
installa�on.) 
 

Self-financing Credit financing 
Annual 

percentage rate: 
3,53% 

Credit period: 
10 years 

Residual debt 
a�er 10 years: €0 

Self-financing 

Self-sufficiency poten�al 
(*Expected share of annual 
household electricity consump�on 
covered by self-produced 
electricity (also called self-
sufficiency rate).) 

20% 40% 40% 

Included free services by the 
provider 

Graphic 
visualiza�on of 
the amount of 

electricity 
generated by the 

PV system and the 
current electricity 
consump�on (in 

increments of one 
minute). 

Remote 
supervision of PV 

system and 
ba�ery storage 

for maintenance 
and repair 
purposes. 

Graphic 
visualiza�on of 
the amount of 

electricity 
generated by the 

PV system and the 
current electricity 
consump�on (in 

increments of one 
minute). 

Yearly CO2 savings in the German 
energy produc�on 
(*Yearly CO2 emissions per capita 
were 7,900 kg in Germany in 
2019.) 

Savings of 5,000 
kg 

Savings of 490 kg Savings of 490 kg 

 o o o o 

Notes: * This text appeared when par�cipants clicked on the respec�ve informa�on bu�on [i], a so-called mouseover, located 
at the respec�ve a�ribute on the decision screens. 

Please compare the following offers carefully and check the offer that you would purchase for your home. If you would 
not purchase any of the offers for your home, please check the op�on on the right. 

Fig. 1  Example of a choice task
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of energy providers, to protect against power outages, 
and/or rising electricity prices in the future (e.g., [14, 15, 
18, 30, 55]).4 Hence, we expect homeowners to prefer 
higher levels of self-sufficiency, regardless of the specific 
reason. The included (smart energy) services represent a 
multifaceted attribute that is expected to affect home-
owners’ preferences in various ways, with potentially 
conflicting outcomes.

First, smart energy services can vary in the level of the 
service degree (i.e., the content and scope) and thus offer 
different levels of convenience to homeowners. From this 
perspective, we expect that homeowners have stronger 
preferences for included (smart energy) services with high 
(compared to low) service levels, as they offer more value 
for the same investment cost. At the same time, the pro-
vision of higher service levels, especially in the context 
of smart energy services, may require homeowners to 
grant more extensive access rights to their smart energy 
products (in this study, PV and PV-BES) to contractual 
partners (e.g., PV providers) or third parties (e.g., smart 
service providers or grid operators). Since individuals 
have a basic need for orientation and control [56, 57], the 
less a smart energy service allows homeowners to con-
trol the processes (e.g., with an element of co-determina-
tion), the more one can expect the granting of extensive 
access rights to undermine homeowners’ preferences for 
included (smart energy) services.

Finally, we included two non-financial attributes, 
namely supplier and CO2 savings. With respect to sup-
plier, we aim to examine the impact of respondents’ trust 
in different types of suppliers that offer PV systems. We 
expect that homeowners prefer to purchase PV or PV-
BES from offline rather than online suppliers, as physical 
stores are considered “touchpoints for building credibil-
ity and trustworthiness and developing durable relation-
ships with consumers” ([58], p. 555). Even though not all 
PV(-BES) providers have physical stores, as in the retail 
segment, where PV(-BES) could be presented (e.g., in 
showrooms), offline providers allow homeowners to visit 
the provider in person (several times, if necessary), to 
convince themselves of the provider’s credibility on site, 
and to build up a relationship of trust based on personal 
interaction. With this in mind, we expect homeowners to 

prefer offline providers to online providers. Furthermore, 
PV(-BES) can be considered a long-term investment, at 
least when it comes to economic viability considerations 
of PV(-BES) systems. For the sake of simplicity, a period 
of 20  years is usually assumed, based on the payment 
period of the feed-in tariff in Germany, which is being 
paid over 20  years and also the remaining year ([59], p. 
307). In this respect, we expect the continuity of a busi-
ness to be an important factor for homeowners when 
deciding whether to purchase a system.

The perception that ownership succession is not always 
resolved can result in owner-operated businesses disap-
pearing from the market over time. Similarly, owner-
managed businesses are not as financially robust as 
large corporations and may struggle to survive eco-
nomic downturns. From this point of view, we assume 
that homeowners prefer larger companies as suppliers. 
On the other hand, supra-regional utilities in Germany 
may struggle with an image that they have not neces-
sarily been pioneers of a sustainable energy transition, 
but they have instead clung to conventional generation 
technologies for far too long. Against this backdrop, it is 
reasonable to expect that homeowners will prefer public 
utilities and local, owner-operated companies over supra-
regional utilities. Last but not least, given the high level 
of environmental awareness in Germany, which has even 
increased in recent years (cf. e.g., [60, 61]), we expect 
CO2 savings to be an important attribute of PV and PV-
BES, with homeowners preferring higher to lower CO2 
savings.

Levels  We applied a conditional display design for the 
attributes investment costs, government subsidies, self-
sufficiency potential, and included services based on the 
attribute technical system (cf. Table 2). The range of levels 
of these four attributes differed between PV systems and 
PV-BES according to plausibility considerations, while 
we intended to cover a wide range of investment cost lev-
els covering PV and BES systems in a wide range of sizes 
up to 20 kWp. 20 kWp systems were not widespread at 
the time of the study but may become more relevant in 
the future. As a matter of fact, the German government 
extended the limit for exemption of EEG-levy on self-con-
sumed electricity for systems of 10 kWp up to 30 kWp in 
2021 ([62], p. 3163). In addition, BES enables homeown-
ers to achieve higher levels of self-sufficiency than PV sys-
tems do and provides companies with the opportunity to 
offer homeowners other smart energy services. Accord-
ingly, the self-sufficiency rates and CO2 saving levels also 
reflect the wide variation in system sizes that is implicitly 
assumed. For the attributes of government subsidies and 
form of financing, we have specified conditional levels 
based on the level of investment costs in the given alter-

4  In the context of the current German regulations, the self-sufficiency 
potential attribute indirectly addresses financial issues from an economic 
point of view. The higher the level of self-sufficiency, the more profitable a 
PV system is. However, for respondents who have not yet considered a PV 
system for their household, or who have not yet acquired detailed knowl-
edge of the regulatory background, this mediating effect is very likely not 
to be pronounced. 246 respondents (i.e., 64% of the analytical sample) indi-
cated in the questionnaire that they had never considered buying, rent-
ing, or leasing a PV system for their household, so we assume that most 
respondents did not associate higher economic viability with this attribute.



Page 7 of 23Shamon et al. Energy, Sustainability and Society           (2025) 15:48 	

Table 2  Attributes and levels in the DCE

+ Attribute was a labeled included service rather than an included smart energy service for reasons described in FN3
a Attribute levels only used in combination with attribute 1.1 PV system
b Attribute levels only used in combination with attribute 1.2 PV system and battery storage

 < < X >  > : conditional amount depending on the investment cost presented in the alternative

Attribute Level

1. Technical system 1. PV system
2. PV system and battery storage

2. Supplier 1. Local owner-managed company
2. Online merchant
3. Supra-regional energy supply company
4. Public utility

3. Investment costs (includes purchase and installation costs) 1. €10,000a

2. €15,000
3. €20,000
4. €25,000
5. €30,000
6. €35,000b

4. Expected yearly nominal return over 20 years (considering age-related 
power loss) (As a result of the sale of self-produced electricity and reduced 
consumption costs for electricity of an energy provider)

1. 0%
2. 2%
3. 4%
4. 6%
5. 8%
6. 10%

5. Government subsidies (If government subsidies is offered, it will be paid 
to you immediately after installation of the PV system.)

1. No investment grant
2. One-time payment, 10% (€ <  < X > >)b

3. One-time payment, 20% (€ <  < X > >)
4. One-time payment, 40% (€ <  < X > >)a

5. Yearly payment of (€ <  < X >  > * 0.74%c) over 20 yearsb

6. Yearly payment of (€ <  < X >  > * 1.47%c) over 20 years
7. Yearly payment of (€ <  < X >  > * 2.95%c) over 20 yearsa

6. Form of financing of total purchase and installation costs (All figures refer 
to investment costs, independent of potential investment grants received 
after installation.)

1. Self-financing
2. Credit financing
Annual percentage rate: 1,03%
Monthly rate: € <  < X >  > 
Credit period: 10 years
Residual debt after 10 years: €0
3. Credit financing
Annual percentage rate: 3,53%
Monthly rate: € <  < X >  > 
Credit period: 10 years
Residual debt after 10 years: €0

7. Self-sufficiency potential of the system (Expected share of annual household 
electricity consumption covered by self-produced electricity (also called self-
sufficiency rate).)

1. 20%a

2. 40%
3. 60%
4. 80%b

8. Included free services by the provider+ 1. Graphic visualization of the amount of electricity generated by the PV system 
and the current electricity consumption (in increments of one minute).a

2. Remote supervision of PV system for maintenance and repair purposes. Nec-
essary maintenance and repair works are executed upon consultation.a

3. Remote supervision of PV system for maintenance and repair purposes. Nec-
essary maintenance and repair work are executed without your assistance.a

4. Graphic visualization of the amount of electricity generated by the PV system, 
the charge status of the battery storage, and the current electricity consumption 
(in increments of one minute).b

5. Remote supervision of PV system and battery storage for maintenance 
and repair purposes.b

6. Remote control of PV system and battery storage to maximize the self-suffi-
ciency rate.b

7. Remote control of PV system and battery storage to maximize revenues 
from electricity sales.b

9. Yearly CO2 savings in the German energy production (Yearly CO2 emissions 
per capita were 7,900 kg in Germany in 2019.)

1. Savings of 490 kg
2. Savings of 5,000 kg
3. Savings of 10,000 kg



Page 8 of 23Shamon et al. Energy, Sustainability and Society           (2025) 15:48 

native. For example, if the cost of a particular alternative 
investment is shown as €20,000, a one-time investment 
grant of 20% is shown as €4,000 and a loan at 1.03% APR 
is shown as €175 per month. The effective annual percent-
age rate of level 2 (i.e., 1.03%) was based on the nominal 
annual percentage rate (i.e., 1.02%) of the 10-year loans 
offered by the KfW Program 270 to solvent homeowners 
in February 2020.5

For the government subsidies, we have included a 
fixed annual payment over 20 years as an alternative to 
the one-time investment grant. Using a nominal dis-
count rate of 4.04%,6 the sum of these discounted annual 
payments is just below the value of the correspond-
ing one-time grant.7 This allows us to compare whether 
respondents prefer a one-time grant or a continuous 
annual payment of the same discounted nominal amount 
and to assess whether the respondents implicitly discount 
the future cash flows at a rate above our benchmark (i.e., 
4.04%).

We designed the different smart energy services levels 
for PV and PV-BES after screening existing smart energy 
services. The smart energy services used in this study 
vary in terms of the service level degree (i.e., graphi-
cal visualization, remote supervision, remote control), 
the implicit level of automated processes and third-
party access rights (i.e., none in the case of graphic visu-
alization, moderate in the case of remote supervision, 
extended access rights in the case of remote control) as 
well as the measures intended to compensate for any 
negative effects of automated processes and extended 
access rights (i.e., executed upon consultation, maximize 
the self-sufficiency rate, maximize revenues from electric-
ity sales).

The lowest level of CO₂ savings was chosen as the “zero 
reference” in order to be able to compare the effects of 
relatively extreme CO₂ savings with a situation of mar-
ginal savings. The German Environment Agency pub-
lished a net avoidance factor per kWh of energy provided 
by photovoltaic systems for 2018 as 627 g CO2 eq/kWh 

([64], p.33). Accordingly, the lowest level in CO2savings 
corresponds to a feed-in of 798 kWh, the middle level to 
a feed-in of 8,143 kWh, and the highest level to a feed-in 
of 16,287 kWh into the grid in 2018. Applied to the size 
of the PV system, this corresponds to a feed-in rate of 
20% for a 4 kWp system with an average production of 
4,000 kWh, or an 80% feed-in rate for a 10 (or 20) kWp 
system with an average electricity production of 10,000 
(or 20,000) kWh per year in Germany in 2018.

Standardized questionnaire
The questionnaire included survey items measuring 
respondents’ value orientations and risk inclination, 
as well as survey items measuring respondents’ socio-
demographic characteristics (i.e., gender, age, educa-
tion, residence in East or West Germany) and disposable 
household income (cf. Table 6 in the Appendix).

Value orientation  Values function as “guiding principles 
in the life of a person or group” ([65], p. 664) and are used 
by individuals as criteria “to select and justify actions and 
to evaluate people (including the self ) and events” ([66], 
p. 1). In this study, we measured the importance that 
respondents attached to three different values (i.e., uni-
versalism-nature, self-direction-action, security-personal) 
by using a refined version of the revised Portrait Val-
ues Questionnaire [67].8 The value universalism-nature 
reflects how important a person considers the protec-
tion of the environment to be, while self-direction-action 
includes the importance a person attaches to autonomy 
of action, and security-personal captures the strength of 
an individual’s longing for personal security. We expect 
that these personal values are related to the importance a 
respondent attaches to certain attributes in the DCE.

We measured each of the three values using three sur-
vey items describing the motivation of a fictitious third 
person. We asked our respondents how similar they 
thought the person in the description was to them and 
provided a fully verbalized six-point scale with response 
options ranging from not like me at all, not like me, little 
like me, somewhat like me, like me, very much like me 
for their responses. Not providing an exit option allowed 
us to average respondents’ responses to the three items 
for each value in the analysis.

c For the DCE, we calculated specific absolute cost levels for each investment cost to be presented to respondents. Due to space limitations, this table presents 
percentages that allow for the recalculation of close approximations for the amounts presented to DCE participants. Table 5 in the Appendix provides the actual 
amounts used in this study

Table 2  (continued)

8  In total, the PVQ-R comprised 19 values with 57 items. In this study, we 
focus on the values mentioned in the main text above.

5  Detailed information about the KfW’s 270 Program can be found on the 
KfW website [64].
6  4.04% resulting from the interaction of the inflation rate and the real dis-
count rate, which are both set at 2%.
7  A yearly payment of €147 is equivalent to €2,941 in nominal terms over 
twenty years. Discounting the annual payments at a rate of 4.04% yields a 
net present value of €1,991 which is just below the corresponding one-time 
grant of €2,000.
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Risk inclination  Risk inclination reflects a person’s ten-
dency to take risks with regard to actions or new techno-
logical developments. We measured risk inclination using 
an item battery on innovation readiness, based on Lin’s 
work [68]. Our item battery contained four survey items, 
each measuring a slightly different aspect of respondents’ 
willingness to innovate with respect to new technological 
developments. In one of the items, we asked respondents 
to indicate the extent to which the statement "I am willing 
to take risks." applies to them using an endpoint verbal-
ized seven-point scale ranging from "strongly disagree" 
to "strongly agree". This survey item is used to measure 
homeowners’ risk inclination.

Socio‑demographics  The following socio-demographic 
characteristics which were requested in the questionnaire 
are used for the analyses (cf. "Methods of analysis" sec-
tion): gender (male/female), region of residence (East/
West Germany), age, educational attainment (ISCED 
score grouped into three categories: low: 1, 2, 3/medium: 
4, 5, 6/high: 7, 8) ([69], p. 5), and monthly disposable 
household income (grouped into three categories: less 
than €3,000/€3,000-€4,999/ €5,000 or more).

Methods of analysis
DCEs enable estimations in terms of utility or willingness 
to pay. The latter is attractive because it informs political 
and economic decision-makers about the monetary value 
that people attach to public or private goods or services. 
Thus, it can be used for pricing. In the case of private 
goods such as PV systems that are provided by compa-
nies, we consider it critical that scientific analysis has a 
potential impact on pricing. Therefore, in this study, we 
prefer the estimation in terms of utility.

We applied a hierarchical bias estimation procedure 
implemented in the Sawtooth software according to 
Orme [72] to analyze respondents’ decisions in the 12 
choice sets. Hierarchical bias estimation calculates a 
mean-centered utility value, called part-worth utility, 
for each level of an attribute at the respondent level [70]. 
Part-worth utilities sum up to zero due to the underlying 
effect coding of the levels of one attribute.

Averaging the (respondent-specific) part-worth utilities 
of a particular attribute level across all respondents ena-
bles us to compare different levels of an attribute in terms 
of the average utility they generate across all respondents 
(e.g., the utility of level 1 of a particular attribute is higher 
than the utility of level 4 of that attribute). In the follow-
ing, we will analyze the average part-worth utilities of a 
particular attribute level across all respondents, referring 
to them as level part-worth. Level part-worths are inter-
vallically scaled, which means that we can compare the 
increase or decrease in part-worths between two levels 

of different attributes, but we cannot directly compare 
the absolute part-worth of one level of one attribute (A) 
to the absolute part-worth of one level of another attrib-
ute (B) (e.g., level 2 of attribute A with a presumed part-
worth of 10 is equally preferred to level 2 of attribute B 
with a presumed part-worth of 10), nor can we relate 
the absolute values of the part-worths of two levels of an 
attribute to each other (e.g., level 2 with a presumed part-
worth of 30 yields three times the utility of level 1 with a 
presumed part-worth of 10) [71].

In addition, we will analyze the relative importance—
also called attribute importance—of each of the exam-
ined nine attributes, which are calculated for each 
respondent. Looking at the attribute importance allows 
us to rank and compare the examined attributes accord-
ing to the importance they played in the decision-making 
process across all participants for a particular DCE.

We will compare level part-worths (cf. "Level part-
worths" section) and averaged attribute importance9 (cf. 
"Mean attribute importance" section) using statistical sig-
nificance tests, which in non-probabilistic samples serve 
as a pragmatic criterion for distinguishing important 
from unimportant effects or differences [72]. In doing 
so, we will use a variant of the Sidak correction test pro-
posed by [73]—with p′ = 1− (1− p)

√
m , where m is the 

number of pairwise comparisons conducted between the 
levels of each attribute [74, 75]—to account for the multi-
ple pairwise comparisons of level part-worths and attrib-
ute importance in the significance level of our t-tests for 
comparing means [74–76].

In addition, we will examine the relationships between 
various respondent characteristics measured in the 
online questionnaire (cf. "Standardized questionnaire" 
section) and each of the nine attributes using ordinary 
least squares (OLS) regression models in an explora-
tive manner (cf. "Determinants of attribute importance" 
section). This is because the average attribute impor-
tance ratios conceal possible individual differences in 
the importance respondents attach to an attribute when 
making decisions.

Results
Level part‑worths
Figure 2 shows the level part-worths for each level of the 
nine attributes along with the standard deviations. In 
Table 7 of the Appendix, panels a to i show the results of 
the pairwise t-tests for the level part-worths of different 

9  The mean attribute importance of each of the nine attributes is obtained 
by averaging each of the nine attribute importance ratios across all respond-
ents.
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levels of a given attribute (cf. "Methods of analysis" 
section).

As can be seen in Fig. 2, the level part-worth of PV-BES 
is higher than the level part-worth of PV alone. However, 
this difference is not significant (p′ = .060) as shown in 
Table  7 (panel a). Regarding supplier, we find that the 
level part-worth is highest for a public utility, followed by 
a local owner-managed company, and a supra-regional 
energy supply company, while an online merchant is 
the least preferred option among our respondents (cf. 
Figure 2). As can be seen in Table 7 (panel b), the differ-
ence in level part-worth is insignificant between a pub-
lic utility and a local owner-managed company, while all 
other differences in level part-worths are significant (p ′
<0.001).

In addition, we observe that level part-worths decrease 
monotonically with increasing investment costs, while 
level part-worths increase monotonically with increasing 
yearly nominal rates of return. The differences in the level 
part-worth of all pairwise comparisons of investment 
cost levels and yearly nominal return levels, respectively, 
are significant (p′ < .001 ), except for the difference in the 
level part-worth between a nominal rate of return of four 
and six percent (p′ = .172).

Regarding government subsidies, we find that the level 
part-worth is larger when grants are paid than when no 
grant is paid. We also find that the level part-worth ratio 
increases monotonically with increasing monetary grant 
value in each of the two broader grant classes (one-time 
grants and continuous grants). As can be seen in Table 7 
(panel e) in the Appendix, results regarding the question 
whether respondents prefer one-time grants to continu-
ous grants are mixed. The level part-worths of one-time 
payments are larger than the level part-worths of con-
tinuous yearly payments if grants amount to the cor-
responding 40% (p′ < .001) of the investment costs, but 
they are significantly smaller if grants amount to only 
10% (p′ < .001) . The level part-worths of one-time pay-
ments are statistically indifferent to the level part-worths 
of continuous yearly payments if it amounts to 20% 
(p′ = .196).

With respect to the form of financing, each of the two 
credit financing options has a larger level part-worth 
than the self-financing option, with the highest level part-
worth at an interest rate of 1.03% (cf. Figure 2). As can be 
seen in Table 7 (panel f ) in the Appendix, the level part-
worth of the low-interest loan (1.03%) is significantly 
larger than both the level part-worth of the high-interest 
loan (3.53%) and the level part-worth of self-financing 
(p′ < .001) . At the same time, the difference between the 
high-interest loan and the self-financing option is insig-
nificant (p′ = .181).

Furthermore, Fig.  2 shows that the level part-worth 
increases monotonically and intuitively as a consequence 
of the increasing self-sufficiency potential and as a conse-
quence of the increasing CO2 savings per year. The paired 
t-tests (Table 7, panels g and i) between the levels of the 
self-sufficiency potential and the levels of CO2 savings are 
all significant ( p′ < .001).

In terms of the included services for PV systems, the 
level part-worth of level 3 (supervision and automatic 
maintenance service) is significantly smaller than the level 
part-worth of level 2 (maintenance after consultation) 
(p′ < .001) . The level part-worth of level 3 (supervision 
and automatic maintenance service) is also significantly 
smaller than the level part-worth of level 1 (mere visu-
alization) (p′ < .001) , while the level part-worth of level 
2 (maintenance after consultation) is statistically indiffer-
ent to the level part-worth of level 1 (mere visualization) 
( p′ = .758 ). For PV-BES, the level part-worth of level 4 
(mere visualization) is significantly higher than that of 
level 5 (remote supervision) (p′ = .002) and than that 
of level 6 (remote control for the purpose of maximiz-
ing the self-sufficiency rate) (p′ < .001) . However, level 
4 (mere visualization) yields a significantly smaller level 
part-worth than level 7 (p′ < .001). At the same time, the 
level part-worths of level 5 (remote supervision) and level 
6 (remote control for the purpose of maximizing the self-
sufficiency rate) are statistically insignificant (p′ = .120) , 
while the level part-worth of level 7 (remote control to 
maximize revenues from energy sales) is significantly 
larger than both the level part-worth of level 5 (remote 
supervision) and the level part-worth of level 6 (remote 
control for the purpose of maximizing the self-sufficiency 
rate) (p′ < .001).

Mean attribute importance
Figure  3 shows the attribute importance of the nine 
attributes that were examined in this study, which add up 
to 100 percent. The most important attribute is invest-
ment costs with 23.8 percent, the least important is form 
of financing with 5.4 percent. Except for three of the 36 
pairwise mean comparisons of attribute importance, all 
other pairwise comparisons yield significant differences 
( p′ < 0.05).10 In general, financial aspects are on aver-
age relatively more important than non-financial aspects 
in the decision process to purchase a PV system (with or 
without battery storage). In particular, the four financial 
aspects (investment costs, government subsidies, yearly 
nominal return, and form of financing) sum up to 51.9 

10  The three insignificant differences in attribute importance refer to the 
following pairwise comparisons: self-sufficiency potential vs. supplier type 
( p = 0.98 ), self-sufficiency potential vs. CO2 savings ( p = 0.177 ), supplier 
type vs. CO2 savings ( p = 0.479).
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percent, while the three non-financial attributes (sup-
plier, CO2 savings, and technical systems) amount to 24.1 
percent. The two mixed attributes (self-sufficiency poten-
tial and included services) add up to 23.8 percent.

Determinants of attribute importance
Table 3 presents the results of nine OLS regression mod-
els. In each model, the individual attribute importance 
of the respective attribute constitutes the dependent 
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Fig. 2  Level part-worths. Level part-worth (x-axis) and standard deviations (whiskers) by attribute and level. Analysis based on data of 382 
participants
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variable.11 Overall, the average importance attached to 
the nine attributes is largely independent of socio-demo-
graphic characteristics. Exceptions are that survey par-
ticipants ascribe less importance to the self-sufficiency 
potential of a PV system (p < 0.05). In addition, respond-
ents currently living in eastern Germany attach more 
importance to the self-sufficiency potential of a PV system 
than respondents living in western Germany (p < 0.05). 
On the other hand, the amount of CO2 savings is con-
sidered less important to respondents in eastern than to 
those in western Germany (p < 0.01).

In addition, older respondents attach on average signif-
icantly less importance to the attribute of yearly nominal 
return (p < 0.05) and self-sufficiency potential (p < 0.05). 
Moreover, a high compared to a low level of education 
is negatively related to the role of government subsidies 
(p = 0.036, cf. notes of Table 3).

The values self-direction-action and security-personal 
have no effect on the importance attached to any of the 
nine attributes.12 However, a higher score on the univer-
salism-nature value is associated with less importance 
attached to investment costs (p < 0.05) and more impor-
tance attached to the types of included services (p < 0.05) 
and to the amount of CO2 savings (p < 0.05).13 Further-
more, a higher risk taking is negatively associated with 
the importance attached to investment costs (p < 0.001). 
At the same time, we find that homeowners who take 

risks attach more importance to (expected) yearly nomi-
nal returns and financing options.

Discussion
In line with the literature (e.g., [14, 15]), financial aspects, 
especially the initial investment costs, are the most 
important dimension with respect to the adoption of 
PV and PV-BES systems. Non-monetary aspects such 
as CO2 savings, technological, and even pure self-suffi-
ciency aspirations seem to play a minor role when these 
are detached from financial motivations by means of the 
DCE setting. However, comparing the importance of dif-
ferent attributes should always be done with some cau-
tion because the resulting attribute importance may also 
be influenced by design aspects of a DCE. These include 
not only large discrepancies in the number of levels cho-
sen for different attributes but also in the range between 
the smallest and the largest levels. In this study, the num-
ber of attribute levels varied considerably, from two to 
seven, whereas attributes with a higher number of levels 
tend to be given more importance in the decision-making 
process in DCEs.

This may at least partly explain, for example, why CO2 
savings and forms of financing (each with its three levels) 
as well as the technical system (with its two levels) yielded 
smaller attribute importance scores than the other attrib-
utes in this study that varied from four to seven levels (cf. 
"Mean attribute importance" section). Overall, however, 
these design considerations do not affect the analyses on 
the determinants of attribute importance (cf. "Determi-
nants of attribute importance" section), as each of these 
attribute-specific analyses is meaningful in its own right.

Interestingly, smart energy services are the second most 
important factor in the purchase decision. Our results 
indicate two opposing effects on respondents’ valuation 
of smart energy services. On the one hand, improving 
the quality of smart energy services has a positive effect 
on respondents’ valuation of services; on the other hand, 
granting access rights to the contractual partner has a 
negative effect on valuation. These counteracting effects 
were both observed among the smart energy services 
that we designed specifically for stand-alone PV installa-
tions (i.e., levels 1–3 of attribute 8) and among the spe-
cific smart energy services that we presented for PV-BES 

Fig. 3  Mean importance of attributes in the decision process. 
Analysis based on data of 382 participants. Attributes ordered 
according to their average relative importance

11  Figure 4 in the Appendix shows the distributions of the individual attrib-
ute importance for each of the nine attributes.
12  Although one might hypothesize that a stronger orientation toward the 
value of self-direction-action would increase the importance respondents 
attach to the attribute of the self-sufficiency potential, since this attrib-
ute involves personal energy autonomy, we do not find this relationship in 
our study. Similarly, higher financial burdens could reduce the feeling of 
personal security, while increased energy autonomy could positively influ-
ence personal security. In our data, however, we do not find a relationship 

between the value security-personal and the importance attached to finan-
cial attributes or the self-sufficiency potential.

Footnote 12 (continued)

13  In Table 8 in the Appendix, we also report estimates of the same model 
but without the self-direction-action and security-personal values. In this 
model, universalism-nature is positively related to the importance attached 
to whether it is a PV system with or without battery storage, but no longer 
to the types of included services.
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(i.e., levels 4–7 of attribute 8). Our findings corroborate 
the existing literature [41, 43]. Comparing levels 7 and 
6 shows that homeowners value smart energy services 
more when granting access rights to a contractual part-
ner is linked to monetary compensation derived from 
maximizing electricity sales revenue. Homeowners value 
maximizing the self-sufficiency rate (level 6) similarly 
to the remote supervision of the PV system and battery 
storage for maintenance and repair purposes (level 5). 
We interpret this finding in the sense that homeowners 
primarily associate autonomy with maximizing self-suffi-
ciency rather than financial compensation.

At the same time, our findings complement those of 
Richter and Pollitt [42] and von Loessl [44]. Comparing 

levels 2 and 3 shows that the negative effects of granting 
access rights to the contractual partner can be mitigated 
if the business model addresses homeowners’ fears about 
losing control. For example, it could provide them with 
an element of co-determination by asking for their con-
sent before performing a service, rather than performing 
the service automatically.

As expected, we find that with respect to the design of 
government subsidies, participants prefer higher grants 
to lower grants for both one-time and ongoing grants. 
We also observe a moderating effect on preferences for 
one-time and continuous grants. As long as the govern-
ment grants an amount to 40% of the investment costs, 
homeowners prefer one-time grants paid immediately 

Table 3  Determinants of attribute importance: OLS regression results

OLS estimates. N = 349. Robust standard errors in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001 (tested with a two-tailed test); 33 respondents had to be disregarded 
of the analysis due to item-nonresponse in the income variable.
a Reference category: female
b Reference category: West Germany
c Reference category: medium (5, 6)
d Reference category: €3,000–€4,999. F-test results for differences between ISCED category “low (1, 2, 3)” and “high (7, 8)”: technical system: 
F(1,337) = 2.64, p = .105 , supplier: F(1,337) = 0.17, p = .677 , investment costs: F(1,337) = 1.19, p = .277 , yearly nominal return: F(1,337) = 0.00, p = .981 , 
government subsidies: F(1,337) = 4.41, p = .036 , form of financing: F(1,337) = 0.61, p = .434 , self-sufficiency potential: F(1,337) = 3.80, p = .052 , included 
services: F(1,337) = 0.02, p = .875 , CO2 savings: F(1,337) = 0.10, p = .747 . F-test results for differences between Income category “less than €3,000” and “more 
than €5,000”: technical system: F(1,337) = 0.28, p = .595 , supplier: F(1,337) = 0.91, p = .342 investment costs: F(1,337) = 0.33, p = .567 , yearly nominal 
return: F(1,337) = 0.34, p = .562 , government subsidies: F(1,337) = 0.05, p = .831 , form of financing: F(1,337) = 0.72, p = .395 , self-sufficiency potential: 
F(1,337) = 0.00, p = .994 , included services: F(1,337) = 0.17, p = .680 , CO2 savings: F(1,337) = 0.48, p = .490

Technical 
system

Supplier Investment 
costs

Yearly 
nominal 
return

Government 
subsidies

Form of 
financing

Self-
sufficiency 
potential

Included 
services

CO2savings

Malea 0.051  
(0.475)

−0.239 
(0.594)

0.789  
(1.285)

1.183  
(0.642)

−0.331  
(0.454)

0.249  
(0.431)

−1.358* 
(0.531)

−0.482 
(0.369)

0.138  
(0.754)

East-Germanyb 0.205  
(0.489)

−0.561 
(0.607)

1.447  
(1.562)

−0.759 
(0.752)

0.160  
(0.582)

0.019  
(0.513)

1.600* 
(0.639)

0.108  
(0.463)

−2.219** 
(0.702)

Age 0.001 
 (0.019)

0.031  
(0.020)

0.056  
(0.049)

−0.057* 
(0.024)

0.033  
(0.019)

0.003  
(0.019)

−0.048* 
(0.020)

0.009  
(0.014)

−0.028  
(0.029)

ISCED low (1, 
2, 3)c

−0.953 
(0.684)

−0.107 
(1.052)

−4.642 
(2.683)

0.712  
(1.386)

1.342  
(0.943)

0.990  
(0.880)

1.803  
(1.059)

0.547  
(1.008)

0.309 
(1.011)

ISCED high 
(7,8)c

0.331  
(0.532)

0.366  
(0.619)

−1.573 
(1.294)

0.678  
(0.789)

−0.698  
(0.473)

0.262  
(0.467)

−0.427 
(0.598)

0.379  
(0.391)

0.681  
(0.751)

Income 
less than 3,000 
€d

0.522  
(0.529)

0.781  
(0.610)

−0.054 
(1.387)

0.061  
(0.642)

0.070  
(0.538)

−0.703 
(0.441)

−0.738 
(0.546)

0.055  
(0.380)

0.005  
(0.709)

Income 5,000 € 
or mored

0.137  
(0.654)

−0.052 
(0.830)

−1.050 
(1.665)

0.694  
(1.054)

0.215  
(0.595)

−0.164 
(0.604)

−0.745 
(0.775)

0.254  
(0.467)

0.710  
(1.022)

Self-direction-
action

−0.056 
(0.342)

0.162  
(0.408)

0.975  
(0.941)

−0.147 
(0.488)

0.284  
(0.357)

−0.186 
(0.301)

−0.246 
(0.389)

−0.530 
(0.281)

−0.257  
(0.486)

Security-
personal

0.087  
(0.299)

−0.023 
(0.344)

−0.862 
(1.011)

0.314  
(0.449)

−0.127  
(0.339)

0.475  
(0.278)

−0.199 
(0.384)

0.118  
(0.261)

0.217  
(0.479)

Universalism-
nature

0.394  
(0.232)

0.062  
(0.249)

−1.462* 
(0.647)

0.122  
(0.346)

−0.202  
(0.222)

−0.061 
(0.198)

0.017 
 (0.230)

0.387* 
(0.179)

0.744*  
(0.319)

Risk inclination 0.204  
(0.156)

0.155  
(0.206)

−2.073*** 
(0.375)

0.469* 
(0.206)

0.054  
(0.155)

0.326** 
(0.122)

0.110  
(0.168)

0.341** 
(0.111)

0.415  
(0.256)

Constant 3.334  
(2.211)

5.842* 
(2.404)

33.720*** 
(5.808)

10.076*** 
(3.031)

10.479*** 
(2.078)

3.143  
(2.202)

14.793*** 
(2.565)

13.037*** 
(1.683)

5.576  
(3.460)

R2 0.025 0.018 0.127 0.067 0.031 0.042 0.066 0.060 0.068



Page 14 of 23Shamon et al. Energy, Sustainability and Society           (2025) 15:48 

after installation to continuous payments over 20  years. 
However, if subsidies amount to 20% of the investment 
costs, survey participants are indifferent between one-
time and continuous payments.

When the government subsidy was 10% of the invest-
ment cost, the surveyed homeowners preferred a con-
tinuous payment over 20  years to a one-time payment. 
In this context, it is important to note that we assumed 
a nominal discount rate of 4.04%, so that the sum of the 
discounted annual payments is just below the value of the 
corresponding one-time grant (cf. FN [7]). This allows us 
to make a direct comparison between the grants.

Our results also show that low-interest loans present 
an attractive measure from homeowners’ point of view. 
Study participants preferred taking up a low-interest 
loan (set at 1.03% APR with a 10-year term in this study) 
over financing the technology via a high-interest loan 
(set at 3.53% APR with a 10-year term) or self-financ-
ing; whereas, they were indifferent between taking up 
the high-interest loan and financing the technology out 
of their own funds. This means that low-interest loans 
have limited effectiveness. The interest rate must be low 
enough to make the subsidy attractive to homeowners. 
The interest rate of 1.03% used in our study for the low-
interest loan was based on the KfW bank loan for sol-
vent homeowners valid in February 2020. The effective 
interest rate for the KfW bank loan (No. 270) is currently 
(March 2025) 3.76%, which is higher than the hypotheti-
cal interest rate of 3.53% we used for Level 3 at the time 
of the survey. It is therefore questionable to what extent 
the current KfW interest rate will accelerate adoption. To 
make matters worse, this form of financing is given the 
lowest priority for decision-making in this study. Even 
though the comparability of the importance of the attrib-
utes may be somewhat affected by the different number 
of levels for the nine characteristics, this last position is 
still meaningful. These results do not paint a particularly 
optimistic picture of the German financing landscape, 
where subsidized loans are used to overcome the chal-
lenge of high upfront costs of PV deployment. Despite 
all these findings regarding homeowners’ preferences for 
government subsidy programs, it should be noted that, 
from the perspective of economic liberalism, subsidies, 
and more generally support programs, raise several issues 
and market distortions. From the perspective of climate 
advocates, market distortions in favor of renewable tech-
nologies may be desirable, as they aim to reduce the price 
of PV systems for homeowners, and thus increase the 
demand. On the other hand, support schemes (e.g., feed-
in tariffs) neither directly subsidize the desirable public 
good (i.e., CO2 emission reduction) nor penalize the neg-
ative externality (CO2). Conversely, the various support 
schemes and their interaction with electricity prices do 

not have a neutral impact on end-user profitability and 
optimal system sizing. In this context, low-interest loans 
may encourage the adoption of BES [8]. A combination 
of low feed-in tariffs and high retail tariffs may incen-
tivize the adoption of smaller, less cost-effective PV sys-
tems due to economies of scale [77]. Investment grants, 
on the other hand, tend to favor the installation of larger 
PV systems [77]. Finally, as the discount rate assumed 
by households may be a critical factor in the investment 
decision to adopt PV and BES, according to Aniello et al. 
[8], it could be considered by policymakers to optimize 
the level and timing of subsidy payments. In addition, 
subsidy schemes may raise concerns about distributional 
equity (e.g., between homeowners and renters), while 
in the case of somewhat inelastic supply, the gains from 
subsidies may be (partly) captured by suppliers, who may 
raise their prices accordingly. With regard to low-inter-
est loans, there are problems at the implementation level 
in practice in Germany. Commercial banks may reject 
applications for low-interest loans from homeowners 
willing to install solar panels without further explanation. 
To develop solutions for a successful energy transition 
in the future, social science research should focus on the 
problems and underlying mechanisms at their implemen-
tation level.

Another finding of this study is that, in a statistical 
sense, participants valued PV installations and PV-BES 
equally. This is an interesting result because battery 
energy storage may have fallen out of favor among some 
homeowners in Germany in recent years due to concerns 
about their environmental impact during production 
and disposal. In other words, our findings do not suggest 
widespread rejection of BES among homeowners. Finally, 
our findings suggest that homeowners prefer public utili-
ties as well as local, owner-managed companies to supra-
regional energy supply companies and online merchants. 
This is interesting insofar as homeowners might view 
supra-regional energy supply companies as custodians 
of conventional energy generation technologies. The 
reduced preference for online merchants may be due to 
a lack of personal interaction, which is better suited to 
building trust between individuals (cf. e.g., [58, 78, 79]). 
To overcome the drawbacks of a lack of personal interac-
tion and to build trust, online merchants can try to intro-
duce institutional safeguards such as feedback systems 
and escrow services [80].

In this study, we also addressed heterogeneity issues by 
examining how respondents’ socio-demographic char-
acteristics, values, and risk propensity affect the impor-
tance homeowners attach to different attributes. The 
level of importance attached to most attributes is largely 
independent of socio-demographic characteristics. How-
ever, there are notable exceptions. Respondents currently 
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living in eastern Germany attach more importance to 
the self-sufficiency potential of a PV system. This could 
be due to the fact that in the East of Germany, trust in 
government institutions or companies to ensure a sta-
ble electricity supply is lower as a result of the experi-
ence with a particularly vulnerable energy system in the 
former GDR [81]. On the other hand, CO2 savings were 
considered less important by respondents in eastern Ger-
many than in western Germany. This could be explained 
by the delayed public discourse on environmental protec-
tion in the states of the former GDR. In East Germany, 
environmental protection did not enter the broad public 
discourse until after reunification in 1989, while in West 
Germany it began as early as the late 1960s [82]. This 
is also consistent with Meyer et  al. [83], who find that 
respondents in eastern Germany have significantly less 
positive environmental attitudes, willingness, and behav-
ior than respondents in western Germany.14 Companies 
operating in eastern Germany are well advised to pro-
mote PV installations with battery storage while empha-
sizing the increased self-sufficiency potential of such 
installations.

Our findings on the association between universalism-
nature and the amount of CO2 savings are consistent 
with the literature on the relationship between general 
environmental values and pro-environmental behaviors 
(e.g., [84, 85]), as CO2 savings reflect the positive environ-
mental effects of a PV(-BES) system. The more important 
the nature-oriented value orientation is for homeowners, 
the less their investment decisions regarding PV systems 
are influenced by simple economic calculations, and the 
more they are influenced by deep-rooted environmen-
talism, as reflected in the potential to reduce CO2 emis-
sions. Our findings also suggest that homeowners who 
are willing to take risks attach greater importance to 
smart energy services, possibly because they are gener-
ally more open to innovations and less concerned about 
data security issues and third-party access rights. This 
may cause them to value the included services more and 
therefore attach a greater importance to this attribute.

Finally, we find that homeowners who are willing to 
take risks attach greater importance to (expected) yearly 
nominal returns and forms of financing. One possible 
explanation for this pattern is that risk-inclined individu-
als are less concerned about the level of initial investment 

costs but rather eager to earn returns. In this case, credit 
financing serves as a means to an end, i.e., to achieve the 
returns. Conversely, a lack of risk inclination in the field 
of new technologies increases homeowners’ desire to 
examine the financial risks associated with purchasing a 
PV system more closely.15 They care, however, less about 
the expected returns, since these returns contain an ele-
ment of uncertainty.

Investment costs, in turn, are fixed and—in the view of 
a risk-averse homeowner—thus need to be kept as low as 
possible to minimize the financial loss in case the newly 
installed technology performs worse than expected. In 
order to motivate the less risk-inclined part of the popu-
lation, too, it is crucial to decrease investment costs. This 
can be achieved, e.g., by funding research projects to 
reduce the costs of PV installations in the medium term 
or by providing immediate government subsidies (while at 
the same time communicating that this is a direct reduc-
tion of the investment costs). The risk-tolerant part of the 
population will undoubtedly benefit from the facilitation 
of smart energy services. This should, on the one hand, 
be strongly promoted—to reach the risk-tolerant home-
owners, and, on the other hand, kept strictly optional—in 
order not to lose the risk-averse homeowners.

Another strategy to address risk-aversion is considering 
alternative business models. Rental and lease of systems 
are already concrete alternative business models which 
allow homeowners to circumvent investment costs and 
reduce operating risks, yet they require households to 
commit to a long contract as well as long-term payments. 
A further alternative business model could consist of 
utility-owned PV installations, by which owners of build-
ings allow utility (or other) companies to install, operate, 
and own PV systems on their rooftops in exchange for 
cheap electricity and/or a monthly lease payment. Busi-
ness models of utility-owned rooftop PV installations 
are already emerging in other countries [87] and might 
entail additional co-benefits in terms of grid operation 
efficiency and grid integration of distributed generation 
[88]. With respect to the German case, a new regulation16 
favoring such alternative business models could elimi-
nate all investment costs and operational risks for house-
holds, while guaranteeing them a stream of incoming 
payments, thereby increasing the appeal of rooftop PV 
to a larger share of the homeowner population (e.g., low-
income, risk-averse, elderly). Given its characteristics, 

14  For this study, Meyer F et  al. [84] analyzed data on environmental atti-
tudes, willingness, and behaviors of the International Social Survey Pro-
gramme (ISSP) of the waves 1993, 2000, and 2010. East German residents 
have a significantly less environmentally friendly attitude, willingness, and 
behavior in each year, except for their behavior in 1993 and their attitude in 
2000. Preisendörfer [83], on the other hand, found behaviors and attitudes 
of respondents in East Germany to be more positive for some and more 
negative for other items.

15  Additionally, risk inclinations may also be related across different 
domains of life, in this case risk inclinations towards new technologies and 
towards financial risks. T. Dohmen et  al. [87] show that pairwise correla-
tions of risk inclinations in the domains career, sports and leisure, car driv-
ing, health, and financial matters are all around 0.5 and highly significant.
16  This kind of business model exists in Germany too, but it is usu-
ally offered only in the case of large rooftop surfaces (e.g., above 800 m2), 
whereas it is not economically viable for the supplier to rent small rooftops 
of detached houses.
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utility-owned rooftop PV installations could be easily 
extended to apartment buildings (incl. renter-occupied 
ones). The involved utility companies or other (smart) 
energy organizations (e.g., aggregators, renewable energy 
communities, etc.) might include small investors, thereby 
allowing broader citizen participation in the energy tran-
sition. Finally, it is clear that having companies special-
ized in owning and managing PV installations might 
significantly reduce transaction costs, as well as installa-
tion costs due to economies of scale, professional exper-
tise, and a higher degree of market power in comparison 
with single households. Therefore, adopting this business 
model might even improve the overall cost-efficiency of 
the energy transition.

In summary, the heterogeneity analyses show that only 
a few specific socio-demographic characteristics influ-
ence how homeowners approach an investment deci-
sion to purchase a PV system. Future DCE-based studies 
should further examine homeowner heterogeneity in 
order to identify motivating and hindering character-
istics among homeowners. It would also be interesting 
to examine the robustness of two findings in this study. 
Firstly, men compared to women were found to attach 
less importance to the self-sufficiency potential of a PV 
system even though controlling in the analysis for par-
ticipants’ orientation to the value Self-direction-action. 

This finding points to the possibility that other factors 
than one’s orientation to the value Self-direction-action 
drive the difference between men and women in attach-
ing importance to the self-sufficiency potential. Secondly, 
researchers might investigate more deeply why a high 
compared to a low education level is negatively related 
to the role of government subsidies even though we con-
trolled for participants’ household income and orienta-
tion to the value nature.

Regarding the aspects that could be addressed in future 
studies, the limitations of DCEs in general and in this 
study should be kept in mind. DCEs allow eliciting stated 
(in contrast to observed) purchasing decisions of target 
persons. The extent to which the findings obtained in 
DCEs can be generalized to the real purchasing behav-
ior of the target persons is generally associated with 
uncertainties. The closer the DCE is designed to real-
ity, the higher the probability that the results can also be 
transferred to real purchasing decisions. In this study, 
we attached great importance to presenting participants 
with a realistic purchase decision. We did this by offer-
ing respondents a non-option, by presenting homeown-
ers with key parameters for an investment decision, 
i.e., investment costs, potential savings, and expected 
return, and by trying to cover the respective attrib-
ute level ranges as realistically as possible in a nuanced 

Table 4  Information provided to respondents as Introduction to Discrete Choice Experiment (placed on a separate questionnaire 
before the first choice set)

Thank you for your answers so far
We would now like to ask you to imagine that you alone can decide whether to invest in a photovoltaic system with or without battery storage 
for your household
In the following, we will present various offers for photovoltaic systems with and without battery storage several times in a row. The offers may differ 
in the following points:
- the provider of the system,
- the investment costs (including purchase and installation costs of the system)
- the expected annual nominal return on investment over 20 years (taking into account age-related performance losses)
- any state investment subsidies that will be paid to you after installation of the system,
- the form of financing,
- the self-supply potential of the system,
- the free service included from the provider and
- the savings in annual CO2 emissions in German electricity production resulting from your purchase
Please compare the offers thoroughly and select the offer that you would purchase for your own home

Table 5  Yearly payments over 20 years presented to participants of the DCE as a function of system specific investment costs and 
investment grants

Attribute 3: Investment costs (in €)

PV PV-BES

10,000 15,000 20,000 25,000 30,000 15,000 20,000 25,000 30,000 35,000

Attribute 5: Government subsidies Level 5 – – – – – €110 €147 €184 €221 €258

Level 6 €147 €221 €295 €369 €443 €221 €295 €369 €443 €590

Level 7 €295 €443 €590 €738 €886 – – – – –
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manner. This came at the cost of the simplicity of the 
DCE design in this study. The presented DCE is complex 
since there is a high discrepancy in the number of attrib-
ute levels across the attributes and there are a few condi-
tional display restrictions that were supposed to prevent 
illogical and/or implausible restrictions from being pre-
sented. A high discrepancy in the number of attribute 
levels will lead to the so-called number-of-level effect as 

respondents will attach a higher level of importance to 
attributes with “many” levels than to attributes with “few” 
levels (cf. [89]). A potential number-of-level effect in this 
study would be of greater importance for the comparison 
of mean attribute scores (cf. "Mean attribute importance" 
section) than for the analyses regarding the determinants 
of attribute importance (cf. "Determinants of attribute 
importance" section) that were carried out separately 

Table 6  Questions used for heterogeneity analysis

The expressions % him_her% and %his/her% reflect so-called fillers in online surveys that were used to replace the respective filler for male (female) respondents with 
him and his (her and her), respectively

Gender

 What is your gender?
 Answer options:
 Female, Male, Non-binary

Region

 Which region is your house located in?
 Answer options:
 Baden-Württemberg, Bayern, Berlin, Brandenburg, Bremen, Hamburg, Hessen, Mecklenburg-Vorpommern, Niedersachsen, Nordrhein-Westfalen, 
Rheinland-Pfalz

 Saarland, Sachsen-Anhalt, Sachsen, Schleswig–Holstein, Thüringen

Age

 How old are you?
 Answer option:
 I am  years old

Household income

 If you add up the combined net income of your household from all members of the household and from all sources, how high is the monthly 
income of your household after tax?

 → Please consider all available types of income for the household, for example monthly salary, income from self-employment, occupational pen-
sion, state pension, rental income, and universal credit (after deduction of taxes and social security contributions) as well as other benefit payments 
(e.g., working tax credits, child benefits, disability living allowance, pension credit)

 Answer option:
   Euros (an amount rounded to 500 or 1,000 Euros is sufficient)

Values

 Here we briefly describe some people. Please read each description and think about how much each person is or is not like you. Please mark 
how much the person in the description is like you

 It is important to % him_her%, …

Self-direction-action

 1. to make %his/her% own decisions about %his/her% life
 2. to plan %his/her% activities independently
 3. to be free to choose what %he/she% does by himself

Security-personal

 1. it is very important to him to avoid disease and protect his health
 2. to be personally safe and secure
 3. to avoid all dangers

Universalism-nature

 1. to care for nature
 2. to take part in activities to defend nature
 3. to protect the natural environment from destruction or pollution

 Answer options for each of the nine items:
not like me at all, not like me, little like me, somewhat like me, like me, very much like me

Risk inclination

 In general, what is your stance on new technological developments? Please indicate in how far the following statement applies to you: I am willing 
to take risks

 Answer option:
 7-point scale with “does not apply at all” to “completely applicable”
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Table 7  Panel a to i: Paired t-test results: Level part-worths

Difference in means Standard error diff t-value p-value p-value Sidak

a. Technical system

 PV–PVB −0.089 0.047 −1.88 0.060 0.060

b. Supplier

 Local comp–Online merch 1.440 0.078 18.38  < 0.001  < 0.001

 Local comp–En supply comp 0.635 0.054 11.84  < 0.001  < 0.001

 Publ utility–Online merch 1.450 0.076 19.14  < 0.001  < 0.001

 Publ utility–En supply comp 0.646 0.058 11.1  < 0.001  < 0.001

 Local comp–Publ utility −0.011 0.062 −0.17 0.862a 1.000

 Online merch–En supply comp −0.805 0.053 −15.18  < 0.001a  < 0.001

c. Investment costs

 10.000 €–15.000 € 0.666 0.073 9.11  < 0.001  < 0.001

 15.000 €–20.000 € 0.913 0.061 14.85  < 0.001  < 0.001

 20.000 €–25.000 € 1.076 0.055 19.59  < 0.001  < 0.001

 25.000 €–30.000 € 1.608 0.054 29.81  < 0.001  < 0.001

 30.000 €–35.000 € 0.915 0.051 17.89  < 0.001  < 0.001

d. Yearly nominal return

 0–2% −0.200 0.041 −4.91  < 0.001  < 0.001

 2–4% −0.698 0.048 −14.63  < 0.001  < 0.001

 4–6% −0.106 0.059 −1.79 0.037 0.172

 6–8% −0.333 0.047 −7.15  < 0.001  < 0.001

 8–10% −0.229 0.048 −4.81  < 0.001  < 0.001

e. Government subsidies

 No grant—One-time 10% −0.673 0.051 −13.11  < 0.001  < 0.001

 One-time 10%–One-time 20% −0.824 0.043 −19.20  < 0.001  < 0.001

 One-time 20%–One-time 40% −0.790 0.053 −14.84  < 0.001  < 0.001

 No grant—Contin. 0.74% −0.952 0.045 −21.33  < 0.001  < 0.001

 Contin. 0.74%–Contin. 1.47% −0.41 0.046 −8.95  < 0.001  < 0.001

 Contin. 1.47%–Contin. 2.95% −0.609 0.044 −13.98  < 0.001  < 0.001

 One-time 10%–Contin. 0.74% −0.279 0.039 −7.25  < 0.001  < 0.001

 One-time 20%–Contin. 1.47% 0.134 0.059 2.27 0.012 0.196

 One-time 40%–Contin. 2.95% 0.316 0.053 5.92  < 0.001  < 0.001

f. Form of financing

 Self–Credit 1.03% −0.399 0.072 −5.6  < 0.001a  < 0.001

 Self–Credit 3.53% −0.118 0.064 −1.85 0.065a 0.181

 Credit 1.03%–Credit 3.53% 0.280 0.034 8.15  < 0.001a  < 0.001

g. Self-sufficiency potential

 20–40% −0.626 0.052 −11.35  < 0.001  < 0.001

 40–60% −0.545 0.042 −12.75  < 0.001  < 0.001

 60–80% −0.572 0.048 −12.02  < 0.001  < 0.001

h. Included services

 PV standalone

  Visual PV–Superv PV 0.046 0.043 1.06 0.146a 0.758

  Visual PV–Superv PV (Auto) 0.257 0.053 4.87  < 0.001a  < 0.001

  Superv PV–Superv PV (Auto) 0.211 0.044 4.81  < 0.001a  < 0.001

 PV and battery storage

  Visual PVB–Superv PVB 0.156 0.041 3.81  < 0.001a 0.002

  Visual PVB 4–Control Suff 6 0.257 0.054 5.01  < 0.001a  < 0.001

  Visual PVB 4–Control Rev 7 −0.588 0.054 −10.86  < 0.001a  < 0.001

  Superv PVB–Control Suff 0.101 0.046 2.2 0.014a 0.120
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for each of the attributes and do not imply a comparison 
across attributes. At the same time, it should be noted 
that attribute importance scores are also affected by the 
chosen range of attribute levels, which in turn also affects 
the size of regression coefficients (cf. [90]). In light of 
this, it is generally preferable to avoid over-generalizing 
the results of DCEs. Instead, they should be limited to 
the specific conditions of a DCE. The design complexity 

with respect to the conditional display restrictions may 
be an issue relevant to the efficiency of the estimation. 
Future studies should therefore reexamine (elements of ) 
this study in the context of a less complex design.

Differences in means and standard errors, t-values and p-values of paired t-tests. Additionally, we report the p-values corrected by a variant of the Sidak correction for 
dependent tests proposed by Tukey, Ciminera, and Heyse (1985) p′ = 1− (1− p)

√
m , where m is the number of pairwise comparisons conducted between the levels 

of each attribute (Lüpsen 2020, Blakesley et al. 2009). Degrees of freedom for each t-test: 381
a P-values of two-sided t-tests. All other p-values of one-sided tests

Table 7  (continued)

Difference in means Standard error diff t-value p-value p-value Sidak

  Superv PVB–Control Rev −0.744 0.048 −15.55  < 0.001a  < 0.001

  Control Suff–Control Rev −0.846 0.042 −20.31  < 0.001a  < 0.001

i. CO2 savings

 490–5.000 kg −1.109 0.060 −18.35  < 0.001  < 0.001

 5.000–10.000 kg −0.437 0.066 −6.62  < 0.001  < 0.001

Table 8  Determinants of attribute importance: OLS regression results (excluding Self-direction-action and Security-personal)

OLS estimates. N = 349. Robust standard errors in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001. 33 respondents had to be disregarded of the analysis due to item-
nonresponse in the income variable
a Reference category: female
b Reference category: West Germany
c Reference category: medium (5, 6)
d Reference category: 3,000 €–4,999 €

Investment 
costs

Included 
services

Government 
subsidies

Yearly 
nominal 
return

Self-
sufficiency 
potential

Supplier CO2 savings Technical 
system

Form of 
financing

Malea 0.850  
(1.217)

−0.514 
(0.355)

−0.232  
(0.441)

1.206* 
(0.601)

−1.113* 
(0.501)

−0.314 
(0.546)

−0.006 
(0.703)

−0.041 
(0.442)

0.165  
(0.401)

East-Ger-
manyb

1.594  
(1.482)

0.223  
(0.442)

0.269  
(0.551)

−0.703 
(0.705)

1.524* 
(0.608)

−0.626 
(0.571)

−2.247*** 
(0.656)

0.116  
(0.465)

−0.151  
(0.473)

Age 0.056  
(0.048)

0.003  
(0.014)

0.026  
(0.018)

−0.051* 
(0.024)

−0.039 
(0.020)

0.031  
(0.019)

−0.025 
(0.027)

−0.007 
(0.018)

0.005  
(0.019)

ISCED low (1, 
2, 3)c

4.366  
(2.437)

−0.695 
(0.910)

−1.239  
(0.953)

−0.207 
(1.248)

−1.736 
(0.978)

−0.277 
(0.980)

−0.502 
(1.026)

1.121  
(0.664)

−0.832  
(0.795)

ISCED high 
(7,8)c

3.132  
(2.561)

−0.470 
(0.962)

−1.903  
(0.977)

0.424  
(1.353)

−2.186* 
(1.060)

0.040  
(1.065)

0.259  
(1.158)

1.406  
(0.762)

−0.702  
(0.844)

Income Less 
than 3,000 €d

0.273  
(1.315)

0.004  
(0.377)

−0.237  
(0.517)

−0.134 
(0.603)

0.873  
(0.526)

−0.853 
(0.575)

−0.266 
(0.676)

−0.401 
(0.507)

0.741  
(0.426)

Income 
5,000 € 
or mored

−0.723 
(1.686)

0.315  
(0.484)

−0.109  
(0.665)

0.554  
(1.057)

0.242  
(0.793)

−0.988 
(0.851)

0.645  
(1.002)

−0.428 
(0.701)

0.492  
(0.612)

Universalism-
nature

−1.410* 
(0.553)

0.256  
(0.153)

−0.124  
(0.191)

0.161  
(0.299)

−0.114 
(0.197)

0.113  
(0.214)

0.670* 
(0.291)

0.385* 
(0.180)

0.062  
(0.175)

Risk inclina-
tion

−2.065*** 
(0.358)

0.341*** 
(0.103)

0.082  
(0.142)

0.483* 
(0.195)

0.116  
(0.157)

0.127  
(0.187)

0.387  
(0.235)

0.180  
(0.144)

0.348**  
(0.115)

Constant 29.752*** 
(4.896)

12.427*** 
(1.513)

12.532*** 
(1.885)

10.616*** 
(2.497)

13.410*** 
(1.927)

7.590*** 
(1.815)

6.265* 
(2.542)

3.381* 
(1.598)

4.029*  
(1.777)

R2 0.124 0.047 0.024 0.067 0.054 0.021 0.065 0.024 0.041
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Conclusions
Overall, the study highlights the central role of financial 
factors, the need for tailored funding strategies, and the 
potential of alternative business models to overcome 
investment barriers. Non-monetary aspects such as CO₂ 
savings or self-sufficiency are irrelevant unless they are 
linked to financial benefits. This is especially true for 
households with a low environmental awareness. In addi-
tion, in East Germany, self-sufficiency is more highly val-
ued, whereas CO₂ savings are less so.

With regard to state subsidies, the preference for one or 
the other form of subsidy (continuous vs. one-time grant) 
depends on the amount of the subsidy. In addition to the 
preferences of homeowners, the administrative burden 
and the associated administrative costs are likely to play 
a significant role for the state when choosing the form of 
subsidy. Low-interest loans are only attractive if the sub-
sidized interest rates are low enough. This measure will 
not effectively address the problem of high capital costs. 
At this point, alternative business models (leasing or util-
ity-owned PV) are the solutions to investment barriers 
under certain circumstances.

Smart energy services have great potential, but there 
are some reservations. While a higher level of service is 
appreciated, a loss of control (e.g., through data access 
for contractors) is viewed negatively. In addition to mon-
etary compensation, homeowners should be involved 
in the usually automated processes by means of deci-
sion queries. This will increase their acceptance of smart 
energy services.

Appendix
See Fig. 4 and Tables 4, 5, 6, 7, 8.
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