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Abstract

Background Citizens are recognized as key actors in the energy system’s transformation by assuming novel roles
beyond being mere energy consumers. Participation in renewable energy projects increases societal support and ren-
ders the decarbonization of the energy system more inclusive. Increasing numbers of citizen-financed photovoltaic
(CiFi PV) projects exemplify this. Empirical studies on individuals who participate in CiFi PV, their perceived role(s),

and their motivations, however, are scarce. This study addresses this gap through the lens of energy citizenship

by analyzing individual participation.

Methods The study surveyed CiFi PV participants across five projects in Switzerland (N=510). After a comparison

of the participants’characteristics to the general public and a descriptive analysis of the perceived roles to participate,
the study explores the individual motivations of participants. To that end, a motivational attributes scale, includ-

ing finance, environment, local value creation, and symbolism, was adapted from a previous study. A hierarchical mul-
tiple linear regression was used to analyze which motivational attributes predict participants’ willingness to participate
in future CiFi PV projects.

Results While participants were primarily male, more affluent, better educated and politically more left-leaning

than the average Swiss population, participants covered a wide range of sociodemographic characteristics and world-
views. Though CiFi PV is primarily marketed toward tenants, half of the participants were homeowners. Participants
perceived themselves as energy citizens contributing to the energy transition and environmental preservation rather
than as investors or energy producers. The regression analysis shows that motivations are relevant in explaining
willingness to participate in future CiFi PV projects. We found that environmental, financial and local value creation-
related motivational attributes are highly significant predictors, as well as slightly less significant symbolic attributes.

Conclusions These results suggest that CiFi PV projects represent a material form of energy citizenship going
beyond mere consumerism by enabling individuals to contribute to the energy transition. Given their capacity

to engage diverse pubilics, policymakers should endorse projects emphasizing individual participation alongside non-
commercial community-based models. This would require their integration into existing regulatory frameworks.
Future energy citizenship studies should further explore how individuals perceive and conceptualize what it means
to be an energy citizen.
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Background

Today’s global energy system is unsustainable on social,
economic, and environmental levels and in dire need of
major transformation towards a more sustainable state
[1]. Within this transformation process, citizens are
becoming increasingly important [2, 3]. Financially, cit-
izen-led initiatives have been estimated to account for
investments of around 6.2-11.3 billion EUR supporting
renewable energy development in 30 European countries
from 2000 to 2021 [4]. Projects based on citizens’ partici-
pation contribute largely to decentralized energy produc-
tion, challenging traditional and centralized ownership
structures of energy production and its benefits. This has
contributed to academic interest in topics, such as energy
democracy and energy justice [3, 5, 6]. Research has fur-
ther suggested that such citizen-based projects positively
impact the social acceptance of controversial renewable
energy technologies [7-10].

Innovative ways to enable renewable energy projects
have emerged, with citizens taking up new roles in pro-
viding alternatives to environmentally harmful fossil
energy production. Both citizen-financed wind and pho-
tovoltaic projects are examples of that [10-12]. In this
study, we focus on citizen-financed photovoltaic (CiFi
PV) projects. These projects are based on citizens financ-
ing new solar power plants not located on the participat-
ing citizens’ property [12]. In return for their investment,
participants may receive their invested money back with
interest or a certain share of the solar power produced
by that project [12—14]. To offset the cost of coordina-
tion and management of many participants, typical CiFi
PV projects include large (and thus cost-efficient) solar
installations atop municipal or industrial buildings [15],
as well as ground-mounted installations, e.g., in agricul-
tural or mountainous areas.!

In academic literature, participation in CiFi PV pro-
jects and the underlying motivations have been concep-
tualized from two main perspectives: a social one (using
the framing of community energy) and an economic one
(framing them as a means to finance renewables). Both
views employ a strong conceptual framing to the study of
CiFi PV projects, which has led to a fragmented under-
standing of what drives citizen participation [16]. These
studies have shown that financial [16, 17] and environ-
mental [18] considerations are especially important for
decision-making, but they provide contrasting evidence
on the relative importance of either.

! An example of a ground-mounted CiFi PV project is “La Manganizza agri-
voltaic plant’, in Italy: https://renantis.com/media-centre/renantis-launc
hes-third-agrivoltaic-project-in-italy-with-a-lending-crowdfunding-campa
ign/.
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The CiFi PV market encompasses both grassroots- and
market-oriented projects [15, 19]. Grassroots projects
specifically arise from ideology-driven organizations,
such as cooperatives or associations. While members
of these organizations have voting rights and may be
directly involved in financing the installation through
loans and membership fees, they do not participate in
the design or implementation of the specific solar power
plant, nor do they necessarily form a community and
have ownership rights. Market-oriented projects are
not typically citizen-led or community-related but fol-
low a more commercial and market-oriented logic [19].
CiFi PV projects are provided by various actors ranging
from municipalities to traditional energy providers and
private companies with differing levels of participative
governance. Simultaneously, both grassroots- and mar-
ket-oriented CiFi PV projects leverage various financing
strategies, including crowdfunding, equity investments,
lending, etc. [15, 19, 20].

To acknowledge the diversity of CiFi PV projects and
study it as a new form of citizen involvement in the
energy transition, we use energy citizenship as a lens to
embed our research on CiFi PV participation motiva-
tions. In contrast to the concept of community energy,
some authors argue that energy citizenship is not limited
to any level of organization and may, for example, estab-
lish new energy practices at the private level [21, 22].
Even though scholars disagree on what defines energy
citizenship [21], it might be useful for researching CiFi
PV participation because of its broader understanding of
energy projects rooted in citizen participation.

Various forms of energy citizenship have been and con-
tinue to be studied [22-25]. Within that body of the lit-
erature, citizen financing has received little attention up
until now. Citizen-financed projects are worth consid-
ering, because they represent a common type of public
participation in the European energy transition [26, 27].
Moreover, such projects have received attention at the
European policy level. The European Union has defined
two models that enable and promote energy communi-
ties, including projects based on citizen financing [28,
29]. However, this regulation only considers CiFi PV pro-
jects, which are conceptualized as an energy community.
Projects which are not community-based are currently
not regulated and promoted at the European policy level.

Citizen-financed projects have been found to improve
social acceptance of renewable energy projects and thus
bear the potential to expedite the energy transition [10,
12, 30]. Understanding what characterizes CiFi PV par-
ticipants, what motivates them to participate in such
initiatives and how they perceive their involvement may
help us better understand what kinds of energy citizen-
ships are practical and desirable in what setting. We
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approach energy citizenship from a citizen perspective,
exploring how CiFi PV participants perceive their role
and participation and whether they associate it with
energy citizenship.

Citizen-financed PV projects

CiFi PV projects represent a diverse phenomenon,
which has been studied under various terms: “com-
munity energy participation” [8], “community financ-
ing projects” [31], “PV citizen participation initiatives”
[16], “citizen solar power plants” [18], “bottom-up PV
initiatives” [17], “crowdfunded renewable energy pro-
jects” [11] or “financial citizen participation” [20, 32].
The common denominator of these projects is that they
are based on a group of individual citizens that jointly
finance a renewable energy project outside of their own
premises. In the case of CiFi PV projects, involved citi-
zens finance the installation of new PV power plants.
Hence, compared to prosumer models, CiFi PV projects
tend to be larger in scope than a private house rooftop
installation and are frequently installed atop commer-
cial or public infrastructure. Furthermore, they mainly
target tenants without the possibility of establishing a
private PV installation on their premises [2, 15, 28].

Depending, however, on the national regulatory con-
text and structure of the energy sector, CiFi PV models
can vary considerably, e.g., in terms of their legal form
(energy utility, commercial (start-up) company, cooper-
ative, association, municipality, etc.), the role of its par-
ticipants (merely financial investors or members with
a voting stake), and—above all—business and payout
models [20, 29]. These include the following four typi-
cal models [20, 32]:

Reward models give participants a non-monetary
reward over a fixed period. Such models are often
offered by energy utilities that grant their customers
a reduction in their energy bill. This essentially cor-
responds to a long-term electricity contract at a fixed
price. In lending models, participation comes as a loan
with a fixed interest rate over a certain period. Non-
commercial actors, such as cooperatives, associations,
and municipalities, typically offer them. In donation
models, the returns of a project are not given back to
participants but are instead re-invested in additional
projects or designated for other causes. Non-profit
organizations almost exclusively provide such models.
Eventually, equity models provide participants with a
financial stake in the project, meaning that the return
depends on the financial performance of that specific
project (or a more extensive portfolio of projects).
Commercial actors (start-ups, private ventures) usually
provide such equity-based models.
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Heterogeneous motivations with the potential to attract

a large variety of citizens

Depending on the context and the studied population,
studies emphasize various motivational factors influ-
encing project participation. From a community energy
perspective, factors such as social norms, trust, environ-
mental concern [33], community identity [34], and long-
term social concerns [35] were identified as determinants
for the willingness to participate in renewable energy
projects. In contrast, financial factors appeared to be less
prominent. Studies adopting a stronger finance focus
show that protecting the environment [18, 32] and a high
level of active citizenship in associations [32] or financial
motivations drive citizen participation [11, 16, 17]. Stud-
ies based on inferential statistics (logit regression analy-
sis) find contradictory tendencies [16, 18]. While Braito
and colleagues state: “We do not suggest that economic
incentives are dispensable or have negligible motivational
power, but [...] we found that it is not just money that
matters.” [18, p.150] and indicate that too strong financial
incentives might even crowd out or inhibit individuals
and households with stronger non-monetary motivations
to participate in individual or collective PV projects,
Fleiss et al. find that .../ economic drivers are identified
as the major drivers behind adoption” [16, p.925], empha-
sizing the contradiction of their results with a widespread
narrative of CiFi PV projects serving mostly ideology-
driven and pro-environmental citizens.

Koch and Christ [14] conducted a case study on a spe-
cific type of Swiss CiFi PV project provided by an elec-
tric utility. Based on a deductive and inductive qualitative
approach, they identified the tangibility of such projects,
the direct way to contribute to the energy transition, and
the little effort and cost the participation represents as
primary drivers of participation. Environmental moti-
vations were found to be related to an understanding of
the energy transition as an effort towards sustainability,
while financial aspects were mainly associated with the
price of the offer. Moreover, their study revealed interac-
tions “between the aspect of supporting sustainable power
production, of supporting regional energy production, and
— to a smaller extent — the assessment of the financial con-
ditions.” [14, p. 423].

These varying findings highlight the heterogeneity of
motivations underlying citizen participation in CiFi PV
projects and the potential of such projects to attract vari-
ous kinds of citizens.

Citizen-financed PV and material participation

in the energy transition

In the current body of literature on energy citizenship,
some scholars take a more normative view of the concept,
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relating it exclusively to projects with strong advocacy
for energy democracy and/or energy justice [22-25, 36,
37]. In contrast, others argue that energy citizenship can
be material-based and linked to the adoption of objects
and devices without directly impacting governance struc-
tures, such as using an electric car or a private PV instal-
lation [22, 37, 38]. Others contend that energy citizenship
is not about what a citizen "ought to become” but rather
about all kinds of relationships and interactions of citi-
zens with energy and the energy systems [39, 40].

Within energy citizenship literature, photovoltaic pan-
els have been linked to a materially based energy citi-
zenship [22, 37]. Drawing from Science and Technology
Studies, an interdisciplinary field investigating recipro-
cal relationships between science, technology, and soci-
ety [41], and political science theory, Ryghaug et al. [22]
utilize material participation theory to show how, for
example, PV panels become ‘“bjects of participation
and engagement” in matters of concern, such as climate
change, sustainability, and the energy transition. Material
participation represents a “specific mode of engagement”
involving “things, people, issues, settings, technologies,
institutions and so on” [38, p. 2] and is “an object-ori-
ented’ or device-centered’ perspective that focuses on the
role of technologies and material objects for (mundane)
participation in political matters of concern” [22, p. 285].

The premise of understanding technologies, artifacts,
and objects as vessels for participation opens a field of
possibilities for citizens to engage in matters of personal
concern. Today’s centralized energy system provides just
a few options for citizens to truly engage in the political
economy. However, industries are increasingly relocating
responsibility for sustainable consumption and behavior
in the private sphere [37]. Most forms of participation
are based on informational citizenship, which requires
citizens to educate themselves on complex issues, often
with little or no relevance to their everyday lives. Mate-
rial participation, however, is action- and impact-ori-
ented. Therefore, in-depth knowledge about complex
issues, such as climate change, is not a prerequisite for
taking action [38]. This echoes Devine—Wright’s [42] pre-
caution regarding whether the public is willing to take an
enhanced, active role in complex matters requiring the
acquisition of knowledge, learning, and taking respon-
sibility. Material participation thus represents an inter-
esting vessel for the broader population to engage in a
complex and political issue, such as the energy transition.

As CiFi PV project developers often discursively pro-
mote their projects as a means to participate in the
energy transition and to contribute to the expansion of
renewables, these projects get explicitly linked to the
political question of how the future energy system is to
be envisioned, referring to public policies on the energy
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transition at large [15, 43]. As a result, we approach the
study of CiFi PV participation with the premise that it
might represent an opportunity for citizens to engage in
the energy transition materially.

The outlined understanding of CiFi PV as a form of
material participation implies the assumption that citi-
zens participating in such projects aspire to motivations
beyond mere consumerism. Rather, these motivations
relate to the (desired) impact of CiFi PV projects. As
shown by previous studies on CiFi PV participation,
a large variety of motivations exist, hinting at citizen
financing representing more than a simple financial
transaction.

Research questions

Considering the current state of knowledge, this study
aims to approach the phenomenon of CiFi PV, focusing
on the individual participants instead of the community
or community-specific aspects. For that, we embed this
study in the concept of energy citizenship rather than
employing an energy community perspective. We aim
to provide empirical data on the characteristics of indi-
vidual CiFi PV participants and their perceived role(s) in
the energy transition. This forms the basis for exploring
the influence of different motivational factors on the will-
ingness to participate in future CiFi PV projects. Thereby,
we examine whether citizen financing projects represent
a form of continuous engagement within the energy tran-
sition and a material form of energy citizenship. We thus
address the following research questions:

1) What characterizes CiFi PV participants in compari-
son with the general public?

2) How do CiFi PV participants perceive CiFi PV par-
ticipation and their role(s) within such projects?

3) What motivations determine CiFi PV participants’
willingness to participate in future CiFi PV projects?

We conducted a quantitative online survey among par-
ticipants in five CiFi PV projects in Switzerland to gather
empirical evidence. The Swiss CiFi PV market is growing
and has a high degree of project diversity, making it an
ideal case study [14, 15].

Methods

The core of this study forms a survey of a sample
(N=510) of participants in five different CiFi PV projects
in Switzerland, using exploratory questions regarding
perception of participation and role, as well as an adapted
motivational attributes scale developed by Noppers and
colleagues [44, 45]. First, the sample was characterized
and compared to the general population of Switzerland
using data from the Swiss Household Energy Demand
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Table 1 Overview of practice partners and recruited CiFi PV participants for this survey study, including corresponding dummy

coding

Project Population* Response rate Valid N Payout model Linguistic area Area of Dummy-
developer activity coding
Private venture 700 172 (25%) 145 (21%) Equity German Supra-regional 1

Utility 1 120 74 (62%) 57 (48%) Reward German Local 2

Utility 2 495 246 (50%) 189 (38%) Reward French Local 3
Municipality 50 64 (78%) 27 (54%) Loan French Local 4
Cooperative 350 107 (31%) 92 (26%) Loan French Local 5

Total 1715 633 (39%) 510 (30%)

*Note: Estimate based on information from project developers with varying degrees of accuracy

Survey (SHEDS) [46]. Second, we applied a descriptive
analysis of the exploratory items regarding participants’
engagement and role perception. Third, we employed a
two-step multiple linear regression to understand which
motivations predict participants’ willingness to partici-
pate in future CiFi PV projects. As previous studies using
logistic regression analysis [16, 18] have led to diverging
conclusions regarding the importance of environmental
or financial motivations, we opt for a different methodo-
logical approach to further understand to what extent
motivations are explanatory for willingness to participate
in such projects. The two-step multiple regression anal-
ysis allows us to provide a more detailed picture of the
explanatory strength of our construct of interest (moti-
vations) compared to control variables [47]. The follow-
ing subchapters give an overview of the empirical context
(Empirical context: Citizen-financed PV in Switzerland),
sample and survey structure (Sampling and survey struc-
ture), and the employed measures (see Measurement
model and subchapters).

Empirical context: Citizen-financed PV in Switzerland

Apart from a sizeable number of energy cooperatives,
which have a long tradition in Switzerland [31, 48, 49],
Swiss residents have access to a growing number of
almost 50 different CiFi PV offers [15]. The diversity of
CiFi PV projects has various reasons. One factor is the
absence of a regulatory framework to define and sup-
port community energy models in Switzerland, in con-
trast to the European Union, where such frameworks are
established [28, 29]. In addition, there are pronounced
regional variations in subsidies and feed-in tariffs for
solar power [50, 51]. Another contributing factor is
the current lack of possibilities for Swiss households to
choose their energy providers, resulting in several hun-
dred local utilities across the country [52]. These utili-
ties, motivated by exploring new business opportunities
or responding to political pressure, have been key drivers
behind the growth of CiFi PV offers in recent years [15].

Consequently, many CiFi PV projects are constrained to
a specific subset of the population, typically the custom-
ers of a particular municipal utility [14, 15].

While some of this context may differ from the situa-
tion in other countries, Switzerland provides a suitable
case to study CiFi PV. On the one hand, there is consider-
able market potential due to the large share of residents
living in rented apartments (almost 60%, according to
the European Commission 2023 [53]) and their affluence
compared to neighboring countries. On the other hand,
the divide between grassroots and market-based actors
may be less pronounced than in other countries, owing
to the country’s direct democracy that grants citizens the
power to veto energy policies and projects. The fact that
municipalities own most electricity utilities adds to the
democratic control of the energy system. Consequently,
CiFi PV in Switzerland can be conceptualized as one phe-
nomenon, even though individual projects may differ in
payout models or project developers.

Sampling and survey structure

We recruited participants via five project developers
to obtain a large sample of Swiss residents who already
invested in CiFi PV. These reflect the diversity of the
Swiss CiFi PV market in terms of payout models, type of
provider, and location (see Table 1). A link to an online
survey was sent to everyone who has invested in one of
their projects through internal mailing by these five pro-
viders. The data collected did not include any additional
information (e.g., personal information, customer num-
ber, etc.) and was not provided by the participants.

The survey was conducted between November 2021
and January 2022 in the respective language of the
project developers. After one week, reminders were
sent out. Furthermore, participation was incentivized
through a lottery offering prices with a total value of
1000 Swiss Francs (about 1000 EUR) to five randomly
drawn winners. After removing fraudulent, duplicate,
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or incomplete surveys from 633 replies, N=510 valid
responses remained.

The survey consisted of three parts. First, respond-
ents were asked for information concerning their
investment(s) in CiFi PV projects (number and volume
of investment(s), date(s) of investment(s), and overall
satisfaction with their investment(s)). Second, the sur-
vey focused on CiFi PV in general, without reference to
any particular projects. Respondents were asked about
their willingness to participate in future CiFi PV pro-
jects and to indicate motivational attributes, as well as
their perception of their role when investing in such
projects. Third, respondents were asked sociodemo-
graphic questions such as income, housing situation,
gender, age, education, and political orientation, as well
as questions regarding principles of life and level of
civic engagement.

To answer our first research question regarding the
characteristics of CiFi PV participants in comparison
with the general public, the questions used in the last
part were informed by the Swiss Household Energy
Demand Survey, an annual survey aiming to describe a
household’s energy-related behaviors and changes [46].
This allowed for comparing the samples’ characteristics
with the general Swiss population, using SHEDS data
from 2018 and 2021. All questions were mandatory. Par-
ticipants were given the option ‘no answer’ for sensitive
questions such as political orientation or income.

Our second research question focuses on the percep-
tion of participation and the role of actual CiFi PV par-
ticipants. We created two multiple-response questions
asking respondents how they perceive their participation
in CiFi PV and which role they attribute to themselves
and analyzed the results descriptively. As no adequate
measurement instrument exists in the literature, ques-
tions and responses were formulated on an explora-
tory basis inspired by results from previous qualitative
research on Swiss CiFi PV [14, 15] and the concept of
energy citizenship [20]. Respondents could, for example,
select different roles they associate with in their CiFi PV
participation, such as energy citizen, environmentalist,
and/or investor.

Measurement model

To address our third research question concerning what
motivations may influence participants’ willingness to
participate in future CiFi PV projects, we first adapted an
existing scale on motivational attributes [44, 45] and con-
ducted a principal component analysis. We then built a
two-step multiple regression model testing the introduc-
tion of our motivational attribute components and con-
trol variables.
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Principal component analysis for measuring motivational
attributes of citizen-financed PV projects

We adapted the Noppers and colleagues [44, 45] scale
to measure instrumental, symbolic, and environmental
motivations for adopting sustainable innovations, such
as smart energy systems and electric vehicles. We chose
this scale as it measures (desired) impact through the
participation in or the adoption of a specific sustainable
innovation. This aligns with our conceptualization of
CiFi PV projects as a potential form of material partici-
pation. We modified and adapted the scale to CiFi PV
projects and used a 5-point Likert scale ranging from
‘1—Completely disagree to 5—Completely agree’ (see
Table 2 for the adapted scale).

Environmental and symbolic attributes were adapted
to the CiFi PV context. Part of what Noppers and col-
leagues measure with instrumental attributes is related
to financial motivations. Previous studies on CiFi PV
participation identified monetary gain through attrac-
tive interest rates and control over the money flow, pro-
viding investment security as drivers for participation
[11, 16]. As previous research has provided contrasting
evidence on whether CiFi PV participation is mainly
determined by financial or environmental motivations,
we decided to operationalize instrumental attributes
by financial aspects. Hence, we further refer to these
items as financial attributes. With that modification,
we aimed at a clear distinction between environmental-
and finance-related motivational attributes.

We added a motivational category called ‘local value
creation’ With this category, we aimed to grasp motiva-
tions identified in previous research that did not fit into
the existing scale categories. Particularly for the Swiss
context, Koch and Christ’s [14] qualitative study identi-
fied the tangibility and transparency of local CiFi pro-
jects (including local actors) and that they provide local
electricity as the main drivers for participation. They
summarized these aspects as a separate motivational
category that they named “regional factor” and showed
that interactions between financial, environmental, and
regional motivational factors exist. A set of interviews
from a research project on Swiss CiFi PV projects sup-
ports these findings [15]. Hence, we created the cate-
gory ’local value creation’ to capture (desired) tangible
impact within the scope of CiFi PV participants’ local
realities. The specific added items were: ‘Support for
local actors’; ‘Contribution to the sustainable develop-
ment of the region’; ‘Financing of implementation of a
tangible project’; and ‘Having an impact together with
others’ It is to be noted that the term ’local’ does not
relate to a specific physical area but rather to a space of
personal importance to every participating citizen.
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Table 2 Component loadings based on a principal component analysis of the motivational attributes scale (loadings below 0.3

suppressed)
Item M/SD Communalities Component loadings
Environment Finance Localvalue Symbolism
creation
Protecting the environment 40/094  0.80 0.86
Fighting climate change 41/095 089 092
Reducing CO? emissions 42/084 078 0.85
Controlling where my money flows 34/133 057 0.64 0.34
Making a financial gain 25/116 079 0.87
Investing my money safely 29/123 076 0.85
Financing the implementation of a tangible project 46/075 062 0.76
Having an impact together with others 43/086 062 0.76
Supporting local actors 43/090 071 0.83
Contributing to the sustainable development of my region  4.4/0.85  0.53 0.38 0.60
Differentiating myself from others 26/129 074 0.84
Showing who I am 23/130 078 0.86
Saying something positive about myself 28/136 074 0.84

Note: N=510; extraction method: principal component; varimax rotation; 4 components extracted, explained variance = 72%; Kaiser-Meyer Olkin =0.80; Bartlett test

of sphericity: p<0.001, Cronbach’s a=0.82

Control variables (1V):
- Civic engagement

Step |

- Education

- Gender

- Income

- Living situation

- Political orientation

- Project developer type

— ¥ Willingness to participate in

Step Il
- Environmental

- Local value creation
- Financial

- Symbolic

Control variables + Motivational components (/V)

——p{ future CiFi PV projects (DV)

Fig. 1 Conceptual model for the two-step multiple linear regression model (own illustration)

Table 2 shows the validation of the adaptation and
extension of Nopper’s motivational attributes scale to
CiFi PV using a principal component analysis (PCA). The
analysis yields a four-dimensional solution correspond-
ing to the theoretically established dimensions of finance,
environment, local value creation, and symbolism. The
Kaiser Meyer Olkin value of 0.80 indicates a good fit of
our data for PCA, and the significant result of the Bartlett
test of sphericity (»p <0.01) points to correlations between
the variables [54, 55]. Two items show cross-loadings

with loadings below 0.4, which can be considered negligi-
ble [55]. For further analysis, we used each component’s
loadings (coefficients).

Two-step multiple linear regression model

Figure 1 depicts the conceptual model for the two-step
multiple linear regression model. To measure whether
CiFi PV participants are potentially willing to engage
in such projects on a long-term and repeated basis,
we measured their willingness to participate in future
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projects [56]. We asked participants to rate their will-
ingness to participate on a scale from ‘1 — Very low’ to
‘5 — Very high! Participants were highly willing to partici-
pate in future CiFi PV projects, with 70% of respondents
choosing high and very high as their answers (M =4.03,
SD=1.086). This variable was used as the dependent var-
iable (DV) in our regression model.

Independent variables (IV) consisted of control varia-
bles, entered at stage I, and the motivational components
derived from the PCA analysis, entered at stage II. This
hierarchical procedure provides a more detailed picture
of the variables explaining willingness to re-participate. It
allows us to estimate the additional explanatory power of
a construct of interest compared to control variables [47].
Checking for theoretical assumptions of multiple linear
regression analysis, we found no indication of heterosce-
dasticity or multi-collinearity nor serious violations of
the assumption of normal distribution.

For step I, we included standard sociodemographic
characteristics, such as gender, age, income, education,
as well as civic engagement, housing situation, politi-
cal orientation, and project developer. Previous research
[31] has identified educated, affluent, older men as CiFi
PV projects’ target groups. We added the level of civic
engagement and housing situation (tenant, owner, mem-
ber of a housing cooperative) as control variables because
of recent studies showing that CiFi PV participants are
highly civically engaged in associations or clubs [32],
and CiFi PV projects frequently target tenants [2, 15, 28].
As a proxy for the linguistic region, we tested for differ-
ences between the five project developers who gave us
access to their members/clients. For that, we dummy-
coded project developers from 1 to 5 and used the pro-
ject developer with the largest number of participants as
a reference category (see Table 1 at the beginning of the
method section) [55].

For step II, we introduced our motivational attribute
coefficients as yielded in the four-dimensional PCA con-
ducted beforehand. We thus used the four components of
environmental, financial, local value creation, and sym-
bolic motivational attributes and measured their influ-
ence on participants’ willingness to participate in future
CiFi PV projects. To assess whether the varying group
sizes of the sample impact the regression model, we con-
ducted Chi-square and ANOVA tests across our inde-
pendent regression variables by project developer type.
The analysis shows that none of the motivational attrib-
ute categories varies significantly across the five groups.
Of the control variables, civic engagement, education
and tenancy showed significant results, but no pattern
with regards to any specific group biasing the regression
results could be identified.
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Results

Sample characterization in comparison with the Swiss
general public

Our first research question regards the characteristics
of CiFi PV participants compared to the general public.
Table 3 provides an overview of the characteristics of our
sample and the Swiss population based on data retrieved
from SHEDS 2018 and 2021. The sample consists primar-
ily of male participants (75%). There are slightly more
homeowners (50.6%) than tenants (43.5%). Respondents
exhibit an extraordinarily high level of education, with
almost 80% having obtained a degree of higher education
(technical college, university, PhD), compared to 63% in
SHEDS. Consistent with the high educational level, over
half of the sample have a monthly household income
above 9,000 CHF? (37% in SHEDS), while just 7.6% earn
less than 4,500 CHF? (13.5% in SHEDS).

Our sample is politically slightly more left-leaning than
the SHEDS sample. However, participants’ political ori-
entations span the entire political spectrum. They also
display higher levels of civic engagement, with around
60% being active members of clubs or associations com-
pared to 46% in SHEDS. They are mainly engaged in
environmental, political, and neighborhood associations.
Concerning principles of life, the sample is fairly similar
to the Swiss population, except that the sample appears
to be slightly more guided by biospheric life principles
and less by hedonic values.

Participants see themselves as environmentally
responsible energy citizens

Our second research question focuses on how CiFi PV
participants understand their engagement and role
within such projects. Table 4 provides an overview of
how respondents perceive their participation. 86% of the
respondents indicated that they see their participation as
a contribution to the energy transition, and 82% see it as
an environmental commitment. Other options, concep-
tualizing CiFi PV participation as a financial investment,
a donation for a pioneer project, or a political commit-
ment, were selected by about one-third, and only a clear
minority considered their participation support of small-
and medium-sized enterprises (SME)/startups or a per-
sonal learning opportunity.

Table 5 shows participants’ perceptions of their indi-
vidual roles. 58% of the respondents identified as energy
citizens, 48% as environmentalists, and around a third as
energy producers, investors, or clients.

% Approximately 9100 Euros in 2023.
3 Approximately 4550 Euros in 2023.
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Table 3 Characteristics of CiFi PV participants and the Swiss population (nominal and interval variables)
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Variable

Coding

Distribution

CiFi PV participants Swiss population

Active membership in a club or association
(N=510)"?

Type of engagement of the civically engaged
respondents (N=365)'

Gender (N=510)

Education (N=570)

Income (monthly) (N=570)

Homeownership (N=570)

Political orientation (N=510)

Age (N=506)

Principles of life
Altruistic (A)
Egoistic (E)
Biospheric (B)
Hedonic (H)
(N=510)

1=No meetups or very rarely (low)
2= <1 monthly meet-up (medium)
3=>1 weekly meet-up (high)
1=Sports club

2=0ther

3 =Environmental organization

4 =Political organization
5=Neighborhood association
6=Music club

7=Union

8=>Service club

9=Student organization
10="Parents’association or youth club
0=female

1=male

1=Compulsory school (low)

2 =Vocational training, high school (medium)
3=Technical college, university, PhDs (high)
1= <4500 CHF (low)

2=4500-8999 CHF (medium)
3=>9000 CHF (high)

No answer

1=0wner

2=Tenant

3=Member of cooperative

1=Left

~N O AW

8=Right
No answer
Continuous scale with an open text field

Likert scale from ‘1 Not important at all—5 Very

important’

39.8%
333%
26.9%
27.8%
20.4%
15.7%
11.7%
9.8%
7.3%
3.1%
2.3%
0.9%
0.9%
23.3%
76.7%
0.8%
18.2%
79.2%
7.6%
33.7%
50.2%
8.4%
50.6%
43.5%
5.7%
9.6%
20.2%
20.8%
19.0%
17.5%
9.2%
2.0%
0.6%
1.2%
Mdn=54

A:M=4.1,5D=061
E:M=25,SD=0.71

B:M=44,SD=057
H:M=35,5D=0.78

53.7%
22.0%
243%
32.8%
25.6%
5.1%
7.3%
5.7%
10.2%
43%
3.1%
3.5%
2.4%
51.0%
49.0%
2.7%
34.1%
63.1%
13.5%
35.6%
36.7%
14.2%
36.4%
60.6%
3.0%
5.1%
11.6%
20.2%
23.0%
19.5%
13.0%
5.4%
2.2%
Mdn=43*

A:M=40,5D=0.94
E:M=26,5D=1.04
B:M=40,5D=0.88
H:M=3.9,5D=091

! The data provided are based on results from SHEDS 2018 with N=5011, as the item was not included in the SHEDS questionnaire of 2021; 246% of the respondents
from the SHEDS survey 2021 gave no answer to this question. The percentages presented in the paper were thus calculated with an N=2706; 3145 CiFi PV participants
indicated being no member of any club or association. “Data retrieved from the Swiss Federal Statistical Office on the median age of the Swiss population in 2021 [57]

Motivational attributes influence willingness to participate

in future projects

To answer our third research question regarding moti-
vations determining willingness to participate in future

CiFi PV projects, we conducted a two-step multi-

ple linear regression. Both models are significant (see

Table 6). As revealed by the hierarchical introduction
of the control variables and the construct of interest,
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Table 4 Multiple-response answers (in %) on the perception of
the personal CiFi PV participation—"How do you perceive your

"

participation? My participationis...” (N=510)

Perception of individual CiFi PV project N %
participation

Contribution to the energy transition 438 85.9%
Environmental commitment 419 82.2%
Donation for a pioneer project 196 38.4%
Financial investment 193 37.8%
Political commitment 143 28.0%
Support for SME/startups 57 11.2%
Personal education 15 2.9%
Other 14 2.7%

Table 5 Multiple-response answers (in %) on the perception of
the individual role in the CiFi PV project—"Within the scope of
my participation, | see myself as...”(N=510)

Perception of individual role in CiFi PV N %
project

Energy citizen 294 57.6%
Environmentalist 243 47.6%
Energy producer 179 35.1%
Investor 162 31.8%
Client 145 28.4%
Other 18 3.5%

motivational attributes increase the overall explained
variance from 8.7% (adjusted R*=0.087) of model 1 to
19.8% (adjusted R*=0.198 of model 2. We thus observe
an increase in explanatory power between the two
models of 11.1%. Due to the high complexity of mod-
eling human behavior, a model with R? values between
0.1 and 0.5 is considered “good” in social science, at
the condition that most or all the explanatory variables
are significant [58]. The obtained results thus indicate
that motivations influence citizens’ willingness to par-
ticipate in CiFi PV beyond control variables. However,
motivations alone do not appear to provide a compre-
hensive explanation.

Of all four significant motivational attributes, local
value creation attributes (B=0.227, p<0.001), fol-
lowed by financial attributes (B=0.210, p<0.001), and
environmental attributes (B=0.172, p<0.001) are the
strongest predictors. Symbolic attributes are less signifi-
cant (B=0.117, p=0.015). This indicates that attributes
related to the tangibility and local impact of CiFi PV pro-
jects especially motivate a higher willingness to partici-
pate in future projects. We find that local value creation
factors are an additional explanatory factor to financial
and environmental attributes.
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Amongst the control variables, we find a negative, sig-
nificant relationship between project developer 1 and
willingness to re-participate (B=— 0.564, p <0.001), indi-
cating that participants related to this specific project
developer are less willing to participate in future CiFi PV
projects in comparison with the participants from other
project developers. Between income and willingness to
re-participate, we find a positive, significant relation-
ship (B=0.171, p=0.031), meaning that the higher the
participant’s income, the more willing the person is to
re-participate. Being a member of a housing cooperative
has a negative, significant relationship with willingness to
re-participate (B=- 0.643, p=0.005), indicating that ten-
ants and homeowners are more willing to participate in
future projects. Interestingly, no significant relationship
could be observed for both tenants and homeowners as
reference categories. Therefore, the willingness to (re-)
participate does not seem to depend on whether a partic-
ipant is a tenant or a homeowner. Political orientation is
negatively and significantly related, indicating that adop-
ters who lean left politically are more inclined to partici-
pate in future CiFi PV projects (B=— 0.066, p=0.031).
Concerning civic engagement, age, education, offer ori-
entation, and gender, we do not find any significant rela-
tionships with the dependent variable.

Discussion

We first discuss the characteristics of our sample and its
implications for the expansion of CiFi PV projects. Sec-
ond, we focus on motivations underlying CiFi PV partici-
pation. Finally, we discuss the perception of participants’
roles and engagement and the implications of our find-
ings concerning material participation and energy citi-
zenship. We end by outlining the limitations of this study
and possible avenues for further research in the field.

Citizen-financed PV projects: potentially attractive

for large parts of the population

This study focuses on citizens who have converted their
interest in CiFi PV projects into action. While our sample
differs from the average population, it does not appear
to form a coherent and narrow group regarding their
sociodemographic characteristics and worldviews. Con-
trary to the widespread narrative that CiFi PV projects
are mainly aimed at tenants [2, 15, 28], this study shows
that homeowners make up a similar share of CiFi PV
participants. Compared to the Swiss average population,
homeowners are, in fact, slightly overrepresented in our
sample. One explanation may be that homeowners tend
to be more affluent than tenants. Moreover, there are sev-
eral reasons why homeowners may be unable to realize
a project on their own roof, e.g., because of an unsuit-
able roof (small solar potential, insufficient load-bearing
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Table 6 Influence of different variables on the willingness to participate in future CiFi PV projects (results of a hierarchical multiple

linear regression)

Step | Step |l
Variables B SE B p values B SE B p values
Constant 4114 0519 <0.007%** 4115 0.488 <0.001***
Age -0.010 0.004 —-0.133 0.011* —0.007 0.004 —0.100 0.054
Civic Engagement® 0.044 0.060 0.033 0467 0.029 0.056 0.022 0.604
Education® 0.113 0.124 0.044 0.366 0.059 0.117 0.023 0615
Male® 0.081 0.122 0.031 0.508 0.103 0.117 0.040 0379
Income® 0.163 0.084 0.098 0.053 0.171 0.079 0.102 0.031*
Tenant 0117 0.116 0.055 0314 0.046 0.109 0.022 0.673
Housing cooperative - 0638 0.243 -0.123 0.009** —0.643 0.229 -0.124 0.005**
Political orientation -0.079 0.032 -0.117 0.015* —0.066 0.031 —0.098 0.031*
Project developer1d —0.521 0.127 —-0.220 <0.0071%** —-0.564 0.122 -0.238 <0.007%**
Project deve\opeer -0278 0.167 —0.084 0.097 -0.150 0.160 —0.045 0.347
Project deve\oper4d -0.144 0217 -0.032 0.508 -0.196 0210 —0.043 0.352
Project developers® 0.048 0.148 0.017 0.749 —0.007 0.140 —0.003 0.957
Environmental attributes 0.172 0.047 0.159 <0.0071%**
Financial attributes 0.210 0.051 0.195 <0.007%**
Local value creation attributes 0.227 0.045 0.216 <0.0071%**
Symbolic attributes 0.117 0.048 0.109 0.015%
Model statistics Model 1 Model 2
R? 0.177%** 0.226%%*
Adjusted R? 0.087*** 0.198***
R’ change 0.075 0.113
Fchange (df1, df2) 4.6 (12,440) 16.13 (4, 436)

N=453 N=453

Note: B=unstandardized regression coefficient, SE=standard error; B = standardized regression coefficient; *p <0.05; **p < 0.01; ***p <0.001; ? Coding: 1 =Never,
2=Sometimes, 3=Frequently; ® Coding: 1 =Low, 2=Medium, 3=High; ¢ Coding: 0=female, 1 =male; * Dummy Coding: 0= Other project developers, 1 =Project
developer 1,2,4 or 5 (Reference category: Project developer 3); The political orientation scale is a continuous variable with higher values corresponding to stronger
right-wing orientation (1 =left; 8 =right); Dependent variable: Willingness to participate in future CiFi PV projects

capacity, planned renovation) or complicated ownership
situations (condominium with many owners that need to
agree). This indicates the potential of CiFi PV projects to
attract homeowners as an additional target group to ten-
ants, thereby increasing the projects’ reach to the public.
However, certain differences between our sample and
the Swiss average population require some attention.
Swiss CiFi PV participants are primarily male, well-edu-
cated, and affluent. This confirms findings from previ-
ous studies focusing on Switzerland and Germany [31,
32, 35]. This gender bias may be due to several reasons,
including traditional gender roles at the household level
and women generally earning and saving less [59], as well
as having less affinity to (renewable energy) technologies,
such as smart meters [60], electric vehicles [61] or e-bikes
[62]. Further research is needed to discover if and how
gender might affect citizen-funding projects and whether
gender-related biases could represent a barrier and make
citizen-funded projects less accessible to women than to
men. The difference in affluence between participants

and the general population suggests that even though
participating in a CiFi PV project may represent a smaller
barrier than, for example, a private PV installation, it
nonetheless requires a stable financial situation [14, 31].
As previous research shows [31], Swiss citizens tend
to see cost as much less of a barrier to participating in
renewable energy crowdfunding, while Austrian citizens
see this as the top barrier. Still, this study shows that a
higher income positively influences willingness to partic-
ipate in future projects. This suggests that an individual’s
financial means may play a role in the decision to partici-
pate in CiFi PV projects.

Not just money and environment: local value creation
through citizen-financed PV project participation

Drawing on Noppers et al’s [44, 45] conceptual model
on motivations to adopt sustainable innovations, we
developed and tested an extended motivational attrib-
utes scale for CiFi PV. This study confirms that there is
indeed a wide range of motivations underlying CiFi PV
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participation. They include financial, environmental,
local value creation, and—to a lesser extent—symbolic
motivations. We find that local value creation is put for-
ward as a motivational driver that is distinct from finan-
cial and environmental aspects. This provides a possible
explanation of why previous studies have come to differ-
ent findings on the role of environmental [18] or financial
motivations [16, 17] as drivers of participation and would
have to be further tested with samples of the general pop-
ulation instead of CiFi PV participants. Moreover, our
results show that of the five project developers, the one
providing equity-based and nationwide projects signifi-
cantly influences willingness to participate in future pro-
jects. While it appears that linguistic region has no effect,
this may indicate that certain project characteristics, such
as, e.g., payout model and geographical range of activity,
require further investigation in relation to willingness to
participate.

Our findings suggest that local value creation might
be an understudied motivation compared to its potential
explanatory relevance, as financial and environmental
factors do not appear to fully capture the range of under-
lying motivations. Such local value creation motivations
are mostly based on the tangibility of CiFi PV projects.
Photovoltaics is a well-known and widely used technol-
ogy, making a CiFi PV project and its impact practical
and understandable. Simultaneously, PV panels render
renewable electricity visible, altering the local reality
of energy generation [22, 63]. As Koch and Christ [14]
found in their study of a specific Swiss CiFi PV project,
the ‘local’ aspects of CiFi PV projects embody the idea of
reducing the complexity of a matter like the energy tran-
sition and rendering it actionable rather than a specific
physical space.

Citizen-financed PV projects as an opportunity for material
energy citizenship

Our findings further show that CiFi PV participants iden-
tify as energy citizens and environmentalists rather than
investors. Being an energy citizen and environmentalist
appears to be specifically associated with contributing to
the energy transition and making an environmental com-
mitment. This study thus provides evidence that CiFi PV
participants associate their participation with two public
and political issues: the energy transition and the protec-
tion of the environment.

This conforms to the notion of energy citizenship as a
citizen-energy-system interaction [39, 40]. Furthermore,
it appears to be consistent with the concept of material
participation, defined as an engagement with a public
and political problem through an object or a device [22,
37, 38]. Having conceptualized material participation as
a form of energy citizenship, Ryghaug et al. have argued
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that material energy citizenship has a strong potential
to contribute to energy transitions and strengthen citi-
zens’ identification as energy citizens [22]. The findings
of this study suggest that CiFi PV projects represent an
opportunity for citizens to act as materially engaged
energy citizens, thereby providing evidence that is in line
with the reasoning of Ryghaug and colleagues. However,
economically less-privileged citizens might be unable to
access citizen-funded energy projects and, therefore, be
excluded from this form of participation [21, 22, 25].

Limitations and further research

While the study at hand provides a unique insight into
the motivations and characteristics of participants in dif-
ferent CiFi PV projects, it does have several limitations
that need to be considered when interpreting the findings
and which may provide opportunities for future research.

First, despite the inclusion of participants in five differ-
ent CiFi PV projects and a solid overall response rate, the
sample size is not large enough for a detailed comparison
between different groups of CiFi PV participants. In the
Swiss context, for example, comparing the motivations
of participants of CiFi PV projects offered by utilities and
other actors might yield insights into how policies can
design and support such offers to reach specific target
groups. Similarly, conducting the study across different
countries would allow for a better understanding of the
motivations of CiFi PV participants in different national
contexts (energy discourses, energy sector structure,
affluence, etc.).

Second, due to the cross-sectional design, there was
an unequal time (from a few weeks up to several years)
between study participants’ decision to participate in a
CiFi PV project and them filling out the survey. This can
introduce bias, such as unequal salience of participation
experience. One way to mitigate this would be to collect
data continuously by surveying participants shortly after
signing up for a specific project.

Third, the survey focused on questions regarding CiFi
PV in general. However, participants’ experience with
specific projects may have influenced their answers. This
bias is inherent to the study of actual CiFi PV participants
but, in turn, allows for more realistic data than what can
be obtained with, e.g., an online experiment.

Fourth, data collection may have been subject to several
biases. For one, there may have been self-selection bias,
especially in the case of project developer groups with a
low response rate. Next, participants’ motivations were
measured rather directly, which carries the risk of getting
answers that suffer from social desirability bias (e.g., par-
ticipants who were motivated by financial considerations
may want to emphasize non-financial ones). To address
this, indirect questioning methods might be tested, e.g.,
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by asking participants to predict motivations for an aver-
age Swiss citizen rather than themselves [64]. Lastly, the
survey did not provide participants with definitions of
possible roles (such as ‘energy citizen’). Hence, we cannot
control for differences in understanding of these (rather
abstract) concepts. The rationale for this was to explore
how these terms, which have quite a distinctive meaning
in academic discourse, resonate with citizens. Additional
qualitative interview studies may provide a better under-
standing of individuals’ underlying understanding of such
terms.

Fifth, this study developed and tested an extended
motivational attributes scale measuring motivations
underlying CiFi PV participation. Future studies should
pay particular attention to the meanings attached to local
dimensions. While the scale presented in this paper is
a valuable tool to measure a wide range of motivations,
it can be further improved. For example, the item ‘Con-
tributing to the sustainable development of my region’
loaded both on the components ‘local value creation’
and ‘environmental’ attributes. However, it loaded more
strongly on the first one. By excluding the word ‘sustain-
able; it is plausible to think that the item measures the
aspect of local value creation more accurately and has
less of a link to environmental considerations.

Finally, the hierarchical linear regression approach suits
the purpose of understanding to what extent a theoreti-
cal construct may increase the explanatory power of a
model in comparison with control variables. With our
two-step procedure, we were able to show that moti-
vations increase the explanatory power of our model
significantly. However, we find that predicting participa-
tion willingness is a complex matter and would require
the inclusion of further theoretical constructs regarding
human behavior. To extend and deepen the analysis, a
complex theoretical model would be necessary, requiring
more advanced models such as, e.g., structural equation
or multilevel modeling.

Conclusion
This study contributes to the debate around motiva-
tions underlying CiFi PV participation, informing project
developers about potential marketing strategies and tar-
get groups, and provides a first conceptualization of CiFi
PV participation as a form of material energy citizenship.
We found local value creation motivations, referring to
a mental image of a space considered relevant and action-
able by an individual citizen, to be an important partici-
pation driver. CiFi PV participants identified mainly as
energy citizens and environmentalists who contribute
to the energy transition and commit to the environ-
ment. Despite CiFi PV participants appearing to be male,
highly educated, and affluent, this study shows that the
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expansion potential of these projects is potentially high
because actual CiFi PV participants do not form a nar-
row subgroup of the Swiss population. CiFi PV projects
attract not just tenants but also homeowners, indicat-
ing that such projects may be more inclusive than often
assumed. With a high willingness to continue engaging in
CiFi PV projects, participants remain a target group with
the potential to disseminate such projects further.

The fact that actual CiFi PV participants understand
their participation as a contribution to the energy tran-
sition and are motivated by related environmental and
local value creating aspects, suggests that these projects
represent an opportunity for citizens to engage materi-
ally and meaningfully with the energy system. In addition
to existing regulatory frameworks about energy com-
munity initiatives, commercial CiFi PV projects should
be integrated and promoted to seize this opportunity.
Furthermore, attractive feed-in tariffs, simplified sell-off
procedures, and integration of CiFi PV investments in
tax deduction schemes, similar to existing regulations
concerning private PV installations, may enhance their
attractivity to the general public.

For practice, these results indicate that a marketing
strategy focusing on the tangibility and the local aspects
of such projects may foster CiFi PV participation. In
addition, providing projects with different minimum
investment amounts may help to include lower-income
households. It is also important to know that tenants and
homeowners display a similar interest in CiFi PV. Project
developers may want to consider this in their design and
marketing decisions.

If energy citizenship is to be more than an abstract aca-
demic concept but something actionable, it is essential to
understand what citizens perceive as realist, accessible,
and impactful forms of participation [40, 65]. Otherwise,
citizens are more likely to identify as “ilted energy citi-
zens” [37], responsible for enacting solutions to planetary
destruction but without actual possibilities to engage
with this responsibility meaningfully [65]. Community
energy initiatives, for example, might not necessitate
individual economic purchase power but rather require
human capital resources, such as time and cognitive skills
[13, 66]. This can also lead to the exclusion of certain citi-
zens to participate in such initiatives. Providing clarity on
these aspects could offer valuable insights for policymak-
ers to determine whether energy citizenship can be put
into action to engage a broader population in public ini-
tiatives like transforming the energy system.

Abbreviations

CiFiPV  Citizen-financed photovoltaics
DV Dependent variable

% Independent variable(s)

PCA Principal component analysis
PV Photovoltaics
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SHEDS
SME

Swiss Household Energy Demand Survey
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