Sustainability Science (2024) 19:715-737 /ﬁgS/ v I G E S

httpSZ/ / doi.org/ 10.1007/511625-023-01453-7 Integrated Research System for Sustainabiliy Science Env‘\?oswmmeen;g\' g‘rg?gé\es
SPECIAL FEATURE: ORIGINAL ARTICLE q
Check for
Individuals within the Larger System to Support the Energy Transition updates

Empowering citizens for the energy transition: facilitating role change
through real-world experiments

Helena Trenks'® - Paula Maria Bégel®

Received: 25 April 2023 / Accepted: 14 December 2023 / Published online: 10 March 2024
© The Author(s) 2023

Abstract

Empowering citizens to take on new, more active roles is a central element in a successful energy transition. Yet, models that
allow direct involvement and prosumer practices on the part of individuals are still not widely implemented. Real-world labs
offer a supportive environment for citizens to experiment with new roles, allowing them to test transition processes within
a protected niche. This study investigates the development of an empowering role change in the context of the real-world
experiment “Your Balcony Network—Energy Creates Community”. The experiment serves as a case study to offer a better
understanding of how real-world labs can support citizens toward an empowering role change that actively and positively
affects the energy transition. In a mixed-method, longitudinal study, we first identify indicators of citizens’ role change in
the energy transition and analyze their development in the course of the experiment’s first year. Second, we studied the
role-changing process, identifying key mechanisms of change and contextual factors that accompanied and supported the
role-changing process. Building on the “Embedded Agency Perspective” as our analytical framework, we applied a process
perspective, empirically investigating how participants’ roles changed through taking part in the experiment. Our findings
support the conclusion that real-world experiments can foster empowering role change among citizens, especially emphasiz-
ing the importance of real-world labs as places for experimentation, learning by experience, and networking. The study thus
also contributes to the discourse about the impact of real-world labs.

Keywords Energy transition - Citizens - Empowering role change - Real-world lab - Transition experiments - Agency in
action

Introduction

Society is currently facing many challenges that require sus-
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focus more on new, more active roles of citizens and how
they can be supported to engage more in the energy transi-
tion. Drawing on studies about energy citizenship (Hamann
et al. 2023; Bogel et al. 2021) we want to analyze indi-
vidual role change in energy transitions in this study. This
role change is defined as a process in which (1) citizens
are encouraged to reflect on their role in energy transitions
and are (2) empowered to adopt a conscious attitude toward
their own energy consumption and production. This includes
(3) producing (partly) their own energy, (4) acquiring new
capabilities that are needed for engagement, and (5) taking
further actions to support energy transitions locally and on
a broader level. We will refer to this as empowering role
change.

So far, some pioneering projects have already seen citi-
zens taking up more active roles in energy transitions, e.g.,
as prosumers rather than consumers (Bogel et al. 2021)
However, models that allow direct involvement and con-
sumer ownership by individuals are still not widely imple-
mented across Europe (Lowitzsch 2019), whereas notable
exceptions of particular community energy concepts can
be found (for an overview see Hewitt et al. 2019; van der
Schoor and Scholtens 2019; Bauwens et al. 2022). There
is debate among scholars about how to change the status
quo and foster the engagement of citizens in energy transi-
tion (Colasante et al. 2022; Ryghaug et al. 2018). In addi-
tion to changes in policies (Burke and Stephens 2017), this
will require an improved understanding of actors and their
agency in energy transition processes (Fischer and Newig
2016; Bogel and Upham 2018) to better understand what
leads people to change their roles and become engaged.

Concerning the question of how citizens can be encour-
aged to take up more active roles in the transition pro-
cess, transformative research approaches play a role in
actively implementing projects that facilitate role change,
e.g., through transition management and transition labs
(Loorbach 2010; Nevens et al. 2013). One promising new
approach from the field of transformative research are real-
world labs (Schneidewind 2014; Parodi et al. 2017; Wanner
et al. 2018). Real-world labs provide an environment where
civil society actors can try out new roles within a protected
niche. The labs’ supportive infrastructure enables individual
actors to try out new (more sustainable) ideas, behavioral
patterns, or ways of living in an experimental setting (Parodi
et al. 2023b; Bergmann et al. 2021; Wanner et al. 2018).
Typically, this is done in real-world experiments (Beecroft
et al. 2018) defined as spatial and temporal interventions
in real-life contexts (Wirth and Levin-Keitel 2020). In our
study, we want to explore how the context of a real-world
experiment supports empowering role change in the energy
transition.

The majority of concepts in transition studies so far
depict role change rather abstractly (DeHaan and Rotmans

@ Springer

2018). For instance, the multi-level perspective (MLP) dis-
tinguishes between niche, regime, and landscape actors
(Geels 2002, 2011), allowing us to analyze long-term pat-
terns but not to examine the actors’ roles in detail. As a
result, some scholars have started to investigate individual
actors’ roles more closely (DeHaan and Rotmans 2018;
Wittmayer et al. 2017; Hauck et al. 2020). While this
research highlights the importance of individual actors,
especially citizens, in the transition process, it does not
provide insights into how they became actively involved.
In our study, we are interested in better understanding the
process, meaning concrete actions and underlying factors,
encouraging individuals to change their roles and contrib-
ute proactively and positively to the energy transition. For
this purpose, we adopt a process perspective, namely we
empirically investigate how “change is made in action”
(Roeck and van Poeck 2023, 5).

To study the process of ‘role change in action’ in a
real-world lab we apply the “Embedded Agency Perspec-
tive” (EAP) (Augenstein et al. 2022a; Bogel et al. 2022) to
an energy-related real-world experiment. This framework
integrates the understanding of socio-psychological and
spatial structures and allows us to explore how role change
takes place in a socio-spatial context. Through this fram-
ing, our study addresses two other research gaps. First,
it offers the opportunity to study the socio-psychological
processes of the transition process in more depth, which is
still scarce in transition research (Bogel and Upham 2018).
Second, the EAP also addresses another research field that
remains understudied in transition research, namely the
influence of the spatial context on actors and their roles
(Fischer and Newig 2016; Coenen et al. 2012).

The real-world experiment “Your Balcony Network—
Energy Creates Community” serves as a case study for
our analysis. This experiment was intended to encourage
citizens to participate more proactively in the energy tran-
sition by using photovoltaic balcony modules (Albiez et al.
2022). Balcony modules are small photovoltaic systems
designed for private households that can be installed on
balconies or in other outdoor locations around people’s
homes. The experiment focused on groups that are under-
represented in the current transition process (Radtke and
Drewing 2020; Tjgrring 2016), namely women, tenants,
and co-owners of apartment buildings. An initial analysis
of the study with a focus on studying inclusive engagement
indicated that participants underwent an empowering shift
in their role perception through taking part in the “Your
Balcony Network™ experiment (Bogel et al. 2023, p. 10).
Building on these preliminary findings, this study analyzes
whether an empowering role change has actually taken
place and especially what mechanisms facilitated this
change. The research questions addressed in our study are:



Sustainability Science (2024) 19:715-737

717

RQ1: Did the real-world experiment lead to an empow-
ering role change among the involved citizens?

RQ2: Which processes and mechanisms are involved
in supporting an empowering role-changing process?

This paper is structured as follows: the next section
(“Real-world labs as an environment for competence devel-
opment and empowering role change”) takes a closer look
at the real-world lab approach to further clarify the setting
of our study. The section “Conceptual framework™ intro-
duces the conceptual framework that forms the basis for
our analysis: after looking at the concept of role change,
we outline our approach to investigate this change using an
action-oriented research approach. We introduce the Embed-
ded Agency Perspective (EAP) as our guiding analytical
framework and its application within the case study. This
is followed in Sect. “Material and methods” by a descrip-
tion of our case study and the data used for the analysis.
In Sect. “Results”, we then present the results, whether the
real-world experiment facilitated empowering role change
and which processes and mechanisms were involved. We
conclude by discussing our findings in Sect. “Discussion”
and “Conclusion”.

Real-world labs as an environment
for competence development
and empowering role change

As a new research approach intended to support sustainabil-
ity transitions, real-world labs have attracted a lot of atten-
tion recently. Particularly from the sustainability science
community in Germany (Kampfmann et al. 2022; Huning
etal. 2021; Bergmann et al. 2021) but they are also becom-
ing more prominent in the international discourse (McCrory
et al. 2020). This transformative research approach builds
on the traditions of transdisciplinary research, sustain-
ability research, and transformative research (Beecroft and
Parodi 2016) and belongs to a family of experimental lab
approaches that try to foster sustainable societal transfor-
mation processes at the interface of science and society
(McCrory et al. 2020; Schépke et al. 2018b). While the
“real-world lab” is part of the German discourse about sup-
port for the “great transformation,” (Schneidewind 2014;
WBGU 2011) other forms of sustainability-related labs like
(Urban) Living Labs (Liedtke et al. 2015) or Urban Transi-
tion Labs (Nevens et al. 2013) have a similar mission to

! In their literature review, McCrory et al. (2020) explored 53 sus-
tainability-related labs attributable to 7 different research communi-
ties. Within the field of sustainability transitions, they found (Urban)
Living Labs, Real-World Labs, and Urban Transition Labs; in other
research areas, they explored Evolutionary Learning Labs, Change
Laboratories, and Transformation Labs (T-Labs).

manage sustainability transitions'. We understand real-world
labs as one example of a sustainability-related lab and con-
sider our questions and findings relevant to similar research
approaches.

As real-world labs are still a young and emerging
approach there is an ongoing discussion about key compo-
nents and an overall definition (Parodi et al. 2017, 2023b;
Wanner et al. 2018; Schipke et al. 2018b), but some com-
mon ground can be set. Very generally speaking they “com-
prise aspects of lab design, experiments, and interventions”
(Kampfmann et al. 2022, p. 2). More precise, a real-world
lab can be understood as a research infrastructure in which
scientific and societal actors invent and conduct real-world
experiments in real-life contexts (Parodi et al. 2023b; Grof3
2015) to initiate and support transformation processes and
gain knowledge (system knowledge, target knowledge, and
transformation knowledge, WBGU 2016) to support a more
sustainable development of society (Schneidewind et al.
2018). These real-world experiments are the characteristic
form in which the transdisciplinary work in real-world labs
takes place (Beecroft et al. 2018). They approach and test
possible solutions for societal problems (Arnold and Piontek
2018) and serve as a bridging activity for bringing knowl-
edge about needed change into action (Réuchle et al. 2021).

Concerning our focus topic of role change, real-world
labs “aim to contribute to local action for sustainable devel-
opment and the empowerment of change agents” (Wanner
et al. 2018, p. 94). This empowerment of civil society actors
is an essential element of these labs’ activities (Meyer-Soylu
et al. 2016). Following the premise that “to achieve trans-
formation, various societal actors have to learn new per-
spectives, skills, competencies, practices and develop new
concepts of their own role,” (Singer-Brodowski et al. 2018,
p- 28) these supportive spaces may offer stimulating envi-
ronments for processes of role change, as they provide an
‘infrastructure’ (Singer-Brodowski et al. 2018), in which
old roles can be reflected upon and processes of change are
encouraged. Real-world labs and their experiments therefore
aim to provide places for learning through experience, test-
ing, and reflection (Parodi et al. 2017; Schépke et al. 2018a).

Given real-world labs are starting to become an important
part of the transdisciplinary research agenda, the debate in
the field has recently turned to whether they can live up to
expectations and support the more sustainable development
of society (Schneidewind et al. 2018), and how their impact
can be measured (Kok et al. 2023; Augenstein et al. 2022a;
Kampfmann et al. 2022; Schifer et al. 2021). The concept
of empowering role change could introduce a new perspec-
tive to this discussion. While empowering citizens to take
up more active roles in the transition process is implicitly
part of the labs’ aims (Wanner et al. 2018; Meyer-Soylu
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et al. 2016) it has not yet been empirically investigated in
depth??®. Addressing this research gap, our study introduces
the concept of empowering role change as an approach to
empirically assess the impact of real-world experiments on
the involved citizens.

Conceptual framework
Role change in transition

So far, the literature on sustainability transition lacks clear
definitions of actor roles in the transition processes (Hauck
et al. 2020; Avelino and Wittmayer 2016; Wittmayer et al.
2017). This does not mean that actors do not appear in dif-
ferent roles in transition literature, but that they have been
defined mostly on a more abstract level, e.g., niche vs.
regime actors, or described collectively, e.g., depending on
their institutional status (state, private sector, and civil soci-
ety actors) or the level of governance (local, regional, or
national) at which they operate (Fischer and Newig 2016).
Citizens’ actions and motivations thus remain bound to their
institutional or social roles, leaving transition literature with
a static understanding of such roles (Pesch 2015) that pro-
vides little room to analyze individuals’ contributions. To
arrive at a better understanding of citizens’ individual contri-
butions to transition processes, DeHaan and Rotmans (2018)
developed a typology of four roles individuals can adopt: (i)
frontrunners (also mentioned in Loorbach 2007), (ii) con-
nectors, (iii) topplers, and (iv) supporters. Other research-
ers like Wittmayer et al. (2017) use roles such as frontrun-
ners, change agents, champions, and policy entrepreneurs
to describe individuals who “push forward” in transition
processes. While this helps to shed light on the importance
of these actors in the transition process, the question of
what drives citizens to move toward more active roles is
only touched on in passing. To address this research gap,
this paper focuses on empirically investigating the processes
and actions that lead to an empowering role change among
citizens in the energy transition, aiming to operationalize
and analyze the process. We begin by exploring the con-
cept of roles and role changes, to establish our understand-
ing of empowering role change in the context of the energy
transition.

2 For notable initial approaches in this direction, please see Charli-
Joseph et al. 2018, who attempted to foster changes in participants'
perceptions of their roles within their socio-ecological system in a
T-lab in Mexico.

3 In contrast to the new roles of scientists in real-world labs, which
have been thoroughly examined (see for example Huning et al. 2021;
Hilger et al. 2018).
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In more general terms, roles can be understood as activi-
ties and behaviors that characterize a person in a certain
(social) context (Biddle 1979; Carter and Cook 1995) and
role change as a “change in the shared understanding and
execution of typical role performance and role boundaries”
(Turner 1990, p. 88). In this respect, analyzing role and role
change offers a perspective to discuss and examine transi-
tion processes as it “may be fundamental in understanding
adjustment to change” (Carter and Cook 1995, p. 2). For our
understanding of role change we refer back to Wittmayer
et al. who defined roles as “a set of recognizable activities
and attitudes used by actors to address recurring situations’’
(Wittmayer et al. 2017, p. 49). Similar to this, Hilger et al.,
propose that, “roles can be identified by observing actors’
activities” (Hilger et al. 2021, p. 2051). Some approaches
distinguish between the “role-taking” and the “role-making”
process. While “role-taking” normally accrues in situations
with clear expectations (e.g., taking over an already estab-
lished role), “role-making” happens in new or uncertain situ-
ations that require the actors to be creative in establishing a
new role for their own (Hilger et al. 2021; Schimank 2016).
For our study, we draw inspiration from the interactionist
perspective on roles, which focuses on the role-making pro-
cess, analyzing “how roles are adopted, adapted, enacted,
performed, and made by an individual” (Wittmayer et al.
2017, p. 49; reffering to Biddle 1986, Hilbert 1981). This
emphasizes that roles are not static and societally given, but
can be altered by performing them differently. This capac-
ity for role change is influenced by the actor’s internal and
external context (Carter and Cook 1995).

Drawing on studies that have analyzed role change in the
energy transition (Hamann et al. 2023; Bogel et al. 2021), we
assume that empowering role change means that (1) citizens
are encouraged to reflect on their role in the energy transition
and (2) adopt a conscious attitude toward their own energy
consumption and production. This includes (3) producing
their own energy (at least partly), (4) acquiring new capabili-
ties needed to engage in the transition process and (5) taking
further actions to support the energy transitions locally and
on a broader level. Unlike the role of the passive consumer,
this changed role emphasizes individuals’ capacities and
willingness to actively participate in the energy transition.

This role understanding comes with two annotations.
First, this understanding is based on sustainability transi-
tions’ normative character (Kohler et al. 2019) seeing citi-
zens’ participation as a central and supportable part of a
democratic and just energy transition, based on increased
local energy ownership (Wahlund and Palm 2022). Second,
it emphasizes that citizens are interested in taking up a con-
structive role in the transition process.
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Understanding role change in action

As stated above, our understanding of the processes involved
in citizens’ role change is still limited and quite abstract
(Pesch 2015). To better understand how an empowering
role change takes shape, we will adopt a process perspec-
tive in our analysis, focusing on investigating what De Roeck
& van Poeck call “agency in action” and how it is formed
in interplay with the given context (Roeck and van Poeck
2023). Concerning the authors’ work we claim that we need
to develop a proper understanding of “how actors act in tran-
sitions” (Roeck and van Poeck 2023, p. 1) and “how change
is made in action” to understand how processes of societal
change happen (ibid., p. 5). In line with this, we will place
the analytical focus of our study on empirically investigat-
ing which actions and factors accompany and influence the
individual role-changing process in our case study.

Referring back to Wittmayer’s framing of roles as activi-
ties and attitudes (Wittmayer et al. 2017), and Hilger’s sug-
gestion to observe actors’ activities to understand their roles
(Hilger et al. 2021), we assume that examining role change
associated with change in individual actors’ activities and
behaviors offers a promising way to operationalize the pro-
cess and open up the ‘black box’ of societal change (Pesch
2015).

As these actions are always embedded in a certain context
(Roeck and van Poeck 2023), that influences how roles can
be perceived (Carter and Cook 1995), we advocate for an
approach that allows us to empirically uncover how roles
emerge in interplay within the given context. Common ana-
lytical concepts have been criticized for inadequately repre-
senting this interplay between individuals and their environ-
ment, (Weik 2012; Roeck and van Poeck 2023) not depicting
how the context either facilitates or constrains the transition
processes, especially neglecting spatial factors (Coenen
et al. 2012). In the next section, we will, therefore, introduce
the Embedded Agency Perspective (EAP) as an analytical
framework that allows us to consider the individuals’ actions
in the interplay with the social and spatial context when ana-
lyzing the role-changing process in our case study.

The embedded agency perspective: an analytical
framework to study agency in action

To achieve a comprehensive understanding that encom-
passes the social and spatial contexts, the EAP (Bogel et al.
2022; Augenstein et al. 2022a) is applied as an analytical
framework to monitor and guide the research that accompa-
nied the real-world experiment “Your Balcony Network”.
The EAP builds on four analytical spatial dimensions that
help to evaluate the local embeddedness of a real-world
experiment: (i) the physical dimension, meaning all material
and tangible elements in space; (ii) the cultural dimension,

meaning the spatial system of signs and representation;
(iii) the dimension of actors and agency, which analyzes
the social practices of production and use of space; (iv) the
regulative dimension, meaning rules and norms (detailed
explanations can be found in Bogel et al. 2022; Wirth and
Levin-Keitel 2020). These dimensions are linked with the
socio-psychological perspective on actors’ perceptions and
behavior at three levels (Elliott and Wattanasuwan 1998;
adapted by Bogel et al. 2019) (i) the individual level, which
describes the lived experience of the people involved; (ii) the
social level, meaning discursive elaboration through inter-
action with others; and (iii) the societal level, meaning the
mediated experience and representation of meaning at the
public level (Bogel et al. 2022). Building on these levels, an
in-depth analysis of the psychological mechanisms at play
in the role-changing process becomes possible. Following
colleagues like Taylor and Cook, who analyzed the role-
changing progress in conjunction with the accompanying
psychological resources (Carter and Cook 1995), we will
connect to psychological concepts to identify indicators for
empowering role change in the results section.

The combination of spatial and psychological concepts
allowed us to study how participants and their roles are
influenced by the embedded (social and spatial) system, but
also how they influence that system. Each integrated dimen-
sion makes it possible to describe and analyze a dimension
of change: (i) change of physical space and its perception,
(i1) change in symbolic meaning and value, (iii) change in
practices, pattern of use and agency, and (iv) change in rules
and dealing with regulative norms (Augenstein et al. 2022a).

The following Table 1 shows how the EAP structured the
accompanying research on the “Your Balcony Network”—
experiment and framed its guiding research questions.

Relating to our action-orientated approach (see “Under-
standing role change in action”) the (iii) dimension of
changes in practices, patterns of use and agency allows us
to understand how individual behaviors and practices change
and whether new roles and role understandings emerge from
these changes. Besides the EAP can help us to identify more
important contextual factors underlying and influencing role
change. The first dimension of change, (i) change in physical
space and its perception, allows a closer examination of how
different physical conditions affect opportunities for a role
change. This is of special interest for real-world experiments,
as they are always embedded in and influenced by a certain
spatial context (Wirth and Levin-Keitel 2020). Dimension
(i1), change in meaning and value, looks at changes in the
symbolic meaning of balcony modules for the participants,
and how this influenced new role understandings. Dimension
(iv), changes in rules and negotiation of regulative norms,
considers the requirements and regulatory framework con-
ditions the participants may have to negotiate and helps to
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Table 1 The EAP as a guiding framework in the experiment “Your Balcony Network”

Spatial dimension Socio-psycho-
logical dimen-

Mechanisms of change (integrated dimensions)

Leading questions of the accompanying research
(analysis of mechanisms of change)

sion
Physical Individual Changes of physical space and its perception How did the outdoor space affect the interaction with

Social the balcony modules?

Societal Did the physical space change for the participants
because of the module use, and if so, how is this
change perceived?

Cultural Individual Changes in symbolic meanings and values Which narratives and symbolic meanings did the

Social participants relate to photovoltaic? Which narratives

Societal did they relate to the energy transition?

Did the meaning change through the experiment?

Agentic Individual Changes in practices, patterns of use and agency Has the attitude of the participants towards the energy

Social transition and PV technology, especially towards

Societal balcony modules, changed?

Did new behavior or usage patterns result from
participation in the experiment? If so, what do they
look like?

Did the participants gain new knowledge or skills by
participating in the experiment?

‘What possibilities do the participants perceive for
their actions and did this affect their role under-
standing?

How did the interaction and (direct) social environ-
ment influence the participants?

Regulative Individual Changes in rules and dealing with regulative norms Which requirements and regulatory framework condi-

Social tions did the participants have to deal with?

Societal Were these inhibiting or helpful?

Did the experiment initiate changes in administrative,
planning, or similar requirements?

shed light on external conditions that hinder or enable role
change.

Since not many transition research approaches have
examined the role-changing process empirically, we take an
exploratory approach alongside these four dimensions in our
analysis of the case study. This will be further elaborated in
Sect. “Data collection and analysis”.

Material and methods
Case study: your balcony network

The energy transition experiment ‘““Your Balcony Network—
Energy Creates Community” is part of the real-world lab
“District Future - Urban Lab” in Karlsruhe, Germany
(Parodi et al. 2016). The overall aim of this real-world exper-
iment was to explore how an energy transition that integrates
environmental issues, as well as questions of inclusivity and
social cohesion could be promoted. It sought to encourage
citizens to participate more actively in the energy transition
and explore how more sustainable energy production affects
users’ everyday lives (for more details on the experiment’s
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goal and setting see (Augenstein et al. 2022b). 22 house-
holds were given the chance to try out what are known as
“photovoltaic balcony modules” for at least 12 months.
These small solar systems are specially designed for private
households and offer individuals comparatively inexpensive,

)

| N

Fig. 1 Pictures of participants’ PV modules (District Future—Urban
Lab 2021)
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Fig.2 Pictures of participants’ PV modules (District Future—Urban
Lab 2021)

unbureaucratic opportunities to participate in the energy
transition with a low technical threshold (Figs. 1 and 2).
The PV modules are relatively small and lightweight
(measuring 1.6 m X 1 m X 0.035 m and weighing 7.5
kg) and have a plug for easy connection to the building’s
electricity network via a normal outlet. They are typically
installed on balcony railings or in other outdoor locations
and can be set at different angles. Their rated capacity
is around 300 watt peak (Wp). Furthermore, each solar

>
Research diary (scientists)

>
Application phase

> >
Participation
selection procedure

4
Interviews with
experts

> > 3
Interested/relevant Interviews Installation, registration &
parties contacted with operation of the modules
participants

2021 2022

module came with an inverter and digital electricity meter
to track its power output. The authorization process in
Germany is also relatively straightforward: the mini solar
plants must be registered with the local grid operator and
the Federal Network Agency, but no formal approval is
needed.

The aim of the experiment was to, firstly, investigate tran-
sition processes around the adaptation and application of this
new niche technology from a sustainability perspective and,
secondly, study how using such modules influenced partici-
pants’ roles in the energy transition (Albiez et al. 2022). The
participants were monitored by researchers from the real-
world lab throughout the whole period and documented their
experiences in journals and questionnaires. Figure 3 shows
the project’s timeline, with the 12 months of the experiment
highlighted in dark green. It was extended in September
2022 due to its success and requests from participants.

After a preparatory phase, during which dialogue with
energy experts (scientists and practitioners) and parties
like the local energy agency helped shape the experiment
design, information was disseminated through the local
media, followed by three (online) information events for
interested citizens. The subsequent application phase
resulted in the selection of 22 households. To support the
community-building process a strong focus was placed on
group activities and exchange among the participants from

Forum: monthly energy journals, surveys, exchange

2023

2 3 a5 & 7z 8 810 1 12 1 2

1 2 3 4 5 6 7 8 9 10 1 12 1
Preparation phase
. . .
3 information events | Assembly 1%t Workshop
with over 220 workshop

Get to know each
other, obstacles and
strategies

participants

.

Handover of
modules to 22
participants

> Long-term elements
o One-off events
Accompanying research

Extension

[ ] L] [ ]
2" Workshop 3 Workshop 4 Workshop

Perception and Collaborative Wrap-up of first year,

(change in) project next steps
meaning development
.
Final survey -
review after
one year

Fig.3 The entire project process, including the most important milestones. One-off and long-term events are marked with different symbols. The
occasions when data were collected for the accompanying research are highlighted in green (authors’ graphic).
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the beginning. The participants first met at the “assem-
bly workshop” at which the participants got to know each
other and learned how to assemble the modules. They had
time to install their modules and get used to operating
them in the summer before the official start in September.
During the experimental phase, the participants had the
chance to exchange in four group workshops organized
by the research team. Additionally, they were encouraged
to exchange via an online forum that accompanied the
whole experiment. The group workshops had three main
functions. First, they worked as an update and “check-in”
between the participants and the scientists to see how the
process evolved and what topics accrued. Second, they
functioned as a networking event to strengthen the group
spirit by exchanging experiences, creating an open and
supportive environment, and working jointly together on
occurring problems. Third, during the workshops different
participatory methods like group work and discussion, liv-
ing statistics, or wish walls were used to collect additional
data. An overview of the workshops, their topics, and how
they stimulated the exchange in the group can be found in
Bogel et al. 2023).

Data collection and analysis
Sample and data collection methods

As shown above in Fig. 3, the experiment was monitored
during the 12 months in different ways and settings (inter-
views, online-forum, participatory methods during work-
shops, surveys). From this data, the initial interviews and
the final surveys were selected for the analysis of the role-
changing process. In summer 2021, after the handover of the
modules, interviews were conducted with all 22 participating
households (n = 22). A list of the participants’ characteris-
tics can be found in Table 2 in the appendix. Each interview
was carried out by two members of the research team. Due
to coronavirus restrictions, all interviews were conducted
online using video conferencing software. The first part was
designed as a narrative interview (Bohnsack 2014) the goal
of which was to find out more about the interviewees’ previ-
ous involvement with energy topics, e.g. (i) the participants’
“energy history”. This was followed by the semi-structured
part of the interview, in which the participants were asked
about (ii) their plans for the modules, (iii) their motivations
for participating in and expectations of the experiment, and
(iv) their general attitude toward photovoltaics. The inter-
view closed with a question about (v) their expectations and
the responsibilities they see among different stakeholders in
the energy transition. At the end of the 12 months period, a
survey was conducted (n = 20) featuring mainly open ques-
tions (with several closed “Yes/No” introductory questions)
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that aimed to supplement the knowledge gained from the
interviews and capture processes of change initiated by the
experiment. The survey was divided into five sections: (i)
changes at the personal level, (ii) changes in the social envi-
ronment, (iii) reflection on participants’ expectations of the
project, (iv) the influence of the group and of networking,
(v) recommendations. The questions of the survey can be
found in the appendix. The interviews were conducted and
surveys were completed in German; all quotations have been
translated by the authors.

Data analysis

To better understand how the experiment empowered
individuals to change their roles, we applied a qualitative
content analysis following Kuckartz and Rédiker (2022).
The data was processed using MAXQDA software. For
the analysis, we followed a deductive-inductive strategy to
develop our coding scheme (Kuckartz and Radiker 2022).
First, we derived indicators for a role-changing process
from the integrated dimensions and leading questions of
the EAP (see Subsect. “The embedded agency perspective:
an analytical framework to study agency in action”). For
this process aspects of the dimension “change in prac-
tices, patterns of use and agency” were used as initial
codes and starting points for the first coding cycle, as this
overlaps best with our notion of roles as “recognizable
activities” and our action-oriented approach. Second, the
codes identified this way were realigned and supplemented
with more aspects from the EAP to further encompass any
missing contextual factors that influence role change with
a particular focus on spatial aspects. This process led to
an initial coding system, that was tested on one-third of
the data by two members of the research team in a “col-
legial validation process” (Kuckartz and Réidiker 2022, p.
136), leading to some adjustments and inductive additions.
Third, the final coding system was applied to all the data
by one of the researchers. Figure 4 illustrates the devel-
opment process of the coding scheme. The final coding
scheme (Fig. 5), is given in the appendix.

Results

In our study, our objective was to analyze whether an
empowering role change occurred in the real-world
experiment “Your Balcony Network™” (RQ1), as well as to
examine the processes and mechanisms that supported the
role-changing process (RQ2). Building on the assumption
that role change can be identified by observing changes in
actors’ activities and behaviors we applied a process per-
spective, empirically investigating how participants’ roles
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Fig.4 The process of code exploration in the data analysis of “Your Balcony Network” represented in a flowchart

changed through taking part in the experiment. Follow-
ing the agency in action approach, we will examine what
activities changed in the first research question, followed
by analyzing the process of how this role change unfolds
in the second research question. We will report the results
of our empirical analysis in Subsects. “Role change during
the experiment” and “Understanding the process of role
change—mechanisms and interplay with the socio-spatial
context”, devoted to our two main research questions.

Role change during the experiment

In this first section, we aim to depict changes in the actions
and behaviors of the participants within the real-world
experiment setting to uncover if an empowering role change
took place. Following an action-orientated approach, we first
want to understand how the participants acted in the setting

BEGINNING OF THE
EXPERIMENT (T1)

- Energy behavior
- Knowledge

- Awareness

- Self-efficacy

- Role perception

of the real-world experiment, to identify possible indications
for an empowering role-change.

Through our analysis, we could inductively identify
five psychological indicators, that positively altered the
actors’ agency within the experiment, encouraging changes
in actions and behaviors. We will refer to these aspects as
“indicators for empowering role change”. Alongside these
five indicators, we will describe the situation at the begin-
ning of the experiment, followed by presenting how these
aspects have changed after the first year (“Indicators for
empowering role change”). Finally, we compare our findings
with our understanding of empowering role change in the
energy transition (“Summing up—empowering role change
in the energy transition within the experiment”), showing
that an empowering role change occurred among the par-
ticipants answering our first research question (Did the real-
world experiment lead to an empowering role change among
the involved citizens?).

AFTER 12 MONTHS OF THE
EXPERIMENT (T2)

- Energy behavior
- Knowledge

- Awareness

- Self-efficacy

- Role perception

Fig. 5 Factors indicative of role change at the beginning (T1) and after 12 months of the experiment (T2)
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Indicators for empowering role change

Changed energy behavior Some participants stated at the
beginning that they were already trying to adopt more envi-
ronmentally and climate-friendly lifestyles. Sustainable
consumption, nutrition/food, and mobility were mentioned
most frequently as areas for personal action. Energy was also
mentioned as important but was described as elusive, often
highly technical, and less interesting. The exceptions to this
were those participants who were already heavily involved
with energy-related topics due to their work or hobbies and
the two house owners already running PV-systems. Other-
wise, sustainable energy behavior is mostly related to the
consumption of energy, e.g., choosing a “green power pro-
vider” or turning off lights, with participants seeing them-
selves mainly in the consumer role.

In the course of the experiment, the majority of par-
ticipants began to adapt parts of their daily routines in
line with the levels of electricity the modules generated.
Seventeen of the twenty reported adjusting their behav-
ior in response to the weather, using electrical devices
primarily when the sun was shining to consume as much
of the energy they produced as possible. The two main
changes involved adjusting the use of appliances and
energy-saving measures. Additionally, the majority of the
respondents claimed they had developed a more energy-
sensitive lifestyle generally and were using electricity
more consciously, particularly thanks to their intensified
engagement with energy production. This consciousness
was stronger when the modules produced high levels of
energy output, but sensitization effects could also be iden-
tified among participants with less efficient installations.
Besides, many participants reported wanting to imple-
ment long-term changes, thinking about buying a balcony
module once the experiment ended (14/20), or wanting to
install a PV system (2/20).

Acquiring new knowledge The participants knew very lit-
tle about the possibilities of electricity production by bal-
cony modules at the beginning of the experiment. Among
those who already knew about them in theory, the barriers
to purchasing the modules seemed too great (e.g., their cost,
their effectiveness, inopportune timing, or uncertainty about
which module to select). In both cases, the experiment was
regarded as an opportunity to try something new, gain prac-
tical knowledge, and learn about energy production gener-
ally.

Using the balcony modules during the experiment fos-
tered a better understanding of energy issues and helped
participants overcome technical barriers. In the final survey,
they reported that they had now gained new expertise, for
example, that they “know from almost all devices how much
electricity they consume and [how to] use them consciously”

@ Springer

(final survey) or had gained a better technical understand-
ing from “PV to touch, try out, experience for yourself”
(final survey), and therefore engaged in discussions more
frequently and confidently.

Enhanced environmental awareness The participants
already showed a general awareness of climate and envi-
ronmental issues at the beginning of the experiment, which
was one of the motivations for them to participate. Climate
change and the necessity of environmentally friendly life-
styles were frequently brought up in the initial interviews,
with photovoltaics mentioned as one possibility for the
energy transition, but their own actions were focused more
on their immediate living environments.

After the first year, PV had become more important as
a technology for sustainable energy production in the eyes
of most participants. They had gained a new understand-
ing of the processes required for the energy transition and
how they could contribute. In general, the modules seemed
to stimulate engagement with the topic of energy and each
individual’s options in the transition process.

Experience of self-efficacy The majority of the participants
in the experiment lived in rented accommodations. At the
beginning of the experiment, this group felt their options
for action were limited, except for switching energy pro-
viders. As tenants, they felt “left behind,” not being able
to take major decisions while the responsibility mainly lay
with others (policymakers especially). The participants who
were house owners saw a little more room for maneuver but
reported significant financial hurdles or restrictions imposed
by heritage planning restrictions as the main obstacles to the
use or expansion of PV in their homes.

After the first year of the experiment, many reported they
had become aware of new opportunities to participate in
the energy transition. Some participants stated they were
now able to “contribute some of my power supply myself”’
(final survey), which made them feel more involved in the
transition process. They also described PV modules as facili-
tators and low-threshold opportunities to make themselves
and others more aware of possible ways of engaging in the
energy transition.

Shift in role perception In line with their low levels of
perceived self-efficacy at the beginning of the experiment,
participants saw the main responsibility for advancing the
energy transition and the expansion of PV mainly at the
political level (‘creating suitable framework conditions’).
This was accompanied by the expectation that industry and
business would follow suit and develop the technology fur-
ther. The development of these technologies was also men-
tioned as a matter of science, the aim being to make them
more efficient and affordable. Besides, it was seen as part of
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scientists’ role to inform society about new developments,
as well as conducting research on the acceptability of tech-
nologies and users’ motivation to adopt them. Individuals
were described mainly as consumers, although the impor-
tance of the ‘conscious consumer’ to the energy transition
was emphasized.

During the experiment, the participants discovered new
options to contribute to their own energy production as pro-
sumers which led to an empowered self-perception of their
own role and opened up new opportunities for action. As a
result, some participants took on new roles as pioneers or
role models. Some also claimed they wanted to share their
expertise with others, proactively approaching neighbors or
friends and trying to motivate them to install balcony-PV,
thus helping to change mindsets. The participants were still
aware of the need for systemic change and called particularly
for policymakers to create incentives and remove barriers.

A table of exemplary quotes (Table 3 in the Appendix)
gives additional insights into the participants’ views.

Summing up—empowering role change in the energy
transition within the experiment

In summary, we have identified five factors indicative of
role change (see Fig. 6). By referencing our definition in
Sect. “Role change in transition” it becomes evident that an
empowering role change among the participants took place.

Throughout the experiment, the participants took up an
active and conscious attitude toward their energy produc-
tion and implemented actions that support a sustainable
energy supply, e.g., altering their everyday practices, cul-
tivating energy-sensitive lifestyles, or adapting more sus-
tainable routines (2)*. Within the experiment, they were

Shift in role
perception

Experience of
self-efficacy

Enhanced environmental

Empowering awareness

role change

Aquiring

Changed
new knowledge

energy behavior

Fig.6 The process of empowering role change. Role change is indi-
cated by changes in knowledge, behavior, awareness, self-efficacy,
and role perception (authors’ graphic).

4 The numbering refers back to the numbering in our definition in
Sect. “Role change in transition” to highlight the different aspects of
empowering role change.

enabled to produce their own energy directly (3) and acquire
new capabilities within this process, e.g., new (technical)
expertise (4). This also influenced their self-understanding
and environmental consciousness, as they recognized the
necessity and new opportunities for themselves to participate
in the energy transition. This helped shape a new percep-
tion of their own role in the transition process, including
acknowledging their contribution to the collective effort of
the energy transition and experiencing a sense of relatedness
and self-efficacy (1). As a result, the participants assumed
new proactive roles in their immediate living environment,
such as pioneers or role models, departing from the passive
consumer role (5).

Understanding the process of role change—
mechanisms and interplay with the socio-spatial
context

While the findings discussed above are clearly indicative
of an empowering role change among the participants, we
are also interested in a deeper understanding of the pro-
cesses involved (RQ2: Which processes and mechanisms
are involved in supporting an empowering role-changing
process?). Having looked at what changed in the first
subsection, we therefore analyze in this subsection “how
this change is made in action” (van der Rock and van der
Pock, p. 5), meaning how these factors come together in
the role-changing process. Our analysis revealed three main
mechanisms of change associated with changes in partici-
pants’ roles, outlined in Sect. “Key mechanisms of change”
(Fig. 7).

As these mechanisms show, the new roles come to life
in interplay with the participants’ environment, emphasiz-
ing that the process of role change is always embedded and
influenced by the socio-spatial context. In this section, we
therefore also aim to gain a deeper understanding of the
contextual factors involved in the role-changing process.
Our analysis enabled us to illustrate four contextual fac-
tors, which had a great influence on the process within the
experiment, which we will present in Sect. “Incorporating
the interplay with the socio-spatial context”.

Key mechanisms of change

Change in energy behavior due to practical knowledge
and new expertise By engaging with their own power
production, the participants acquired new knowledge, e.g.,
about appliances’ energy consumption. Most importantly,
this knowledge was not theoretical, but acquired by means of
intrinsically motivated ‘learning by doing’. The participants
tried out different options and routines, thereby creating a
small experimental setting of their own. In the final survey, it
became clear learning from practical examples and personal
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BEGINNING OF THE
EXPERIMENT (T1)

- Energy behavior
- Knowledge

- Awareness

- Self-efficacy

- Role perception

expertise

Mechanisms of change:

- Change in behavior due to
practical knowledge and new

- Changed self-efficacy thanks to
changed perspectives

- Adaption of new roles thanks
to increased self-efficacy

AFTER 12 MONTHS OF
THE EXPERIMENT (T2)

- Energy behavior
- Knowledge

- Awareness

- Self-efficacy

- Role perception

Fig.7 Mechanisms of change underlying the role-changing process in the experiment “Your Balcony Network™.

experience was essential for the actors. E.g., one participant
stated he/she now had “more knowledge from direct experi-
ence” (final survey) and another said, “before, most of the
talk about it was very theoretical. Thanks to the experiment,
we were able to talk about our actual experience” (final sur-
vey). They also reported now being more aware of their elec-
tricity consumption and what appliances they use.

Changed self-efficacy thanks to changed perspectives In the
final survey, 19 out of 20 participants stated the experiment
had given them new perspectives on the energy transition.
They described feeling “being able to contribute something
ourselves” (final survey) and having a better understanding
because of their personal experiences. This new expertise
empowered them to act with greater confidence. Many par-
ticipants said they now talked differently and more proac-
tively about PV and energy production with family, friends,
and acquaintances, taking on new expert roles due to the
practical experience they gained. As one participant reported,
“I get involved in conversations more often, encourage and
support any initiative” (final survey). Participating in decen-
tralized energy production further encouraged the feeling of
self-efficacy, since it was associated with a sense of freedom
and empowerment, as expressed by this participant: “one
feels at least to a small extent more independent and self-
determined thanks to the module” (final survey). The par-
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ticipants associated the balcony modules with feelings like
self-determination or independence; generating electricity
at home was described as “exciting,” “interesting” and “joy-
ful/fun” or as giving a “good feeling.” This shows energy
had left the ‘tech zone’ and become an ‘emotional topic’ for
some actors. Besides, many respondents also mentioned tak-

ing pleasure in generating energy themselves.

New roles adopted thanks to increased self-efficacy Many
participants described occasions when they were asked for
their opinions and were able to tell others about their expe-
riences. Their new expertise also led some to become more
actively involved in the topic, taking up new leadership roles
and acting with greater confidence. Whereas the majority
reported talking more often about PV, some went further and
stated they had now become strong advocates for the technol-
ogy. Some even claimed they had become role models and
hoped to function as multipliers. Many also reported they
would like to help remove obstacles so it would be easier
for others to use balcony-PV. Sharing their knowledge was
mentioned as an important thing they could do to support
the spread of this technology. Although they had gained new
opportunities to participate in the energy transition as tenants,
they were also aware of the importance of politics in creating
supportive conditions for the transition process.
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Incorporating the interplay with the socio-spatial context

Spatial conditions affect opportunities for role change The
majority of the tenants attached their module to the railing of
a balcony while house owners also installed them freestand-
ing in their gardens or on terraces. The fact that installation
did not require elaborate changes or adjustments of the space
can be seen as a supportive factor in the adoption of active
roles and was also positively named by the participants. Nev-
ertheless, people who rent apartments are disadvantaged
because the space they can use is ordinarily limited and they
have fewer options to move their modules and test out differ-
ent locations. In addition, this group was more often affected
by disputes with landlords and tenants’ associations.

Supportive interactions and exchange within the group
encourage role change The fact that the participants did not
have to deal with the modules alone was perceived as positive
and helpful, especially at the beginning when they faced ques-
tions about installation and assembly and problems registering
the modules. Being part of a network was also identified as
an important motivation to participate in the experiment in the
first place. During the experiment, particularly the initial phase,
there was a lot of mutual assistance and a lively exchange of
knowledge. The dialogue within the group was described as
very useful by the vast majority of stakeholders in the final
survey (n = 17/20). Some reported they would probably have
given up if they had not been involved in the experiment. Here,
the support and exchange within the group and the support
from the real-world lab team proved to be essential helping fac-
tors. Meeting like-minded people, exchanging ideas, learning
about new viewpoints, and seeing how others negotiated situ-
ations were mentioned as positive aspects of the exchange that
took place. They even prevented one participant from leaving
the experiment. As the participants had different backgrounds
and different prior knowledge, they contributed a wide range of
views to the group, which was perceived as an enriching factor.

The experiment as a facilitator and catalyst of the pro-
cess The real-world experiment itself served as a support-
ive factor, functioning as a ‘window of opportunity’ and
stimulus for some to engage with the topic and become
involved straight away, rather than continuing to wait. It was
also claimed that being embedded in a context that provided
support and guidance lowered the barriers to participation.
Besides, nearly a quarter of the actors reported that being
part of a research project was one of the reasons why they
chose to participate. It also seemed to increase network
operators’ and landlords’ acceptance and made the partici-
pants more determined to persist.

Legal regulations and bureaucracy as main obstacles to role
change Especially at the beginning of the experiment, the

regulatory and bureaucratic requirements proved to be very
big obstacles to the modules’ installation and therefore the
uptake of new more active roles. Many stakeholders reported
problems with unclear, contradictory, or confusing informa-
tion and requests or troublesome communication with their
network operators. Surprisingly, the obstacles turned out to
be motivating for some, who stated their wish to pass their
gained knowledge to others, to make future processes easier.
Some even expressed a desire to join and campaign for de-
bureaucratising the process.

Discussion

This study aimed to investigate the development of an
empowering role change in the context of the energy tran-
sition and how a real-world lab could support citizens
in this process. Since no clear understanding of the pro-
cesses involved in individual role change within the tran-
sition literature exists, we first derived our understanding
of empowering role change in the energy transition. To
comprehensively represent the dynamic interplay between
the actors and their environment during the role-changing
process, we adopted the Embedded Agency Perspective
(EAP) as our analytical framework and starting point for
our empirical analysis of changes on a psychological-
spatial level. Our analysis was guided by the ‘agency in
action’ approach, placing the focus on understanding the
actors’ activities and behaviors as the starting point for our
empirical examination of the process.

Our analysis shows participants’ actions and percep-
tions changed in several ways as the real-world experi-
ment continued, e.g., they started to use energy more
consciously and acquired new practical knowledge that
enabled them to engage more actively and frequently
with energy-related issues. The empowering experiences
they had led them to take up new roles as pioneers or role
models and demand structural changes from policymakers.
Through our empirical analysis, we identified five indica-
tive psychological factors of role change. By analyzing
the changes within these factors and aligning it with our
understanding of empowering role change, it became clear
that the real-world experiment provided a stimulating envi-
ronment that facilitates empowering role change among
the involved participants, answering the first research
question (RQ1: Did the real-world experiment lead to an
empowering role change among the involved citizens?).
By operationalizing role change using psychological con-
cepts, we have provided a practical way to make the pro-
cess of citizens’ role change more tangible and transition
processes empirically analyzable, as demanded by Witt-
mayer et al. (2017). The indicators identified in this study
can be applied to further support citizens’ involvement in
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the energy transition, as they provide valuable insights
into the aspects that need encouragement to promote these
processes. Studies in the field of energy citizenship and
energy democracy can benefit from these insights. It can
also be adopted and serve as a starting point to facilitate
empowering role change in other areas.

To better understand the processes involved (RQ2: Which
processes and mechanisms are involved in supporting an
empowering role-changing process?) we identified three
interlinked mechanisms of change that promote role change
by imparting new expertise and boosting self-efficacy.
Concerning the claim of real-world labs to be “a learning
environment” (Singer-Brodowski et al. 2018), one impor-
tant finding is, that learning from practical examples and
personal experience seemed to have a more profound effect
on the participants’ role development than merely theoreti-
cal knowledge. These findings are also consistent with the
conclusions drawn by previous studies from the field of envi-
ronmental psychology on sustainable energy behaviors and
knowledge (Steg et al. 2015; Frick et al. 2004). The experi-
mental setting created by a real-world experiment helped
participants gain practical knowledge on a low-threshold,
“learning-by-doing” basis, confirming the distinctive advan-
tage of a real-world lab as a learning environment (Singer-
Brodowski et al. 2018; Schipke et al. 2018b) and ‘experi-
mental space’ (Parodi et al. 2023b). This practical knowledge
and their new expertise empowered the participants to act in
a more self-determined manner. Besides, the possibility of
producing their own energy in the experiment encouraged
them to “change perspectives” on the energy transition gen-
erally. This increased experience of self-efficacy supported
the participants’ adoption of new, more active roles.

Given, that the role-changing process unfolds within the
participants’ environment, we also aimed to properly depict the
contextual influence involved in the transition process (Roeck
and van Poeck 2023; Weik 2012). Using the dimensions of the
EAP as a starting point in our empirical analysis enabled us to
focus more closely on the socio-spatial context and to identify
contextual factors influencing the role-changing progress. For
example, the disposition over spaces emerged as a crucial pre-
requisite for empowering role changes. This supports the claim
that it is crucial for the understanding of transitions to gain a
deeper insight into the spatial contexts’ influence on actors in
transition processes (Coenen et al. 2012). We could also show
that the encouraging social context of the real-world experi-
ment facilitated the role-changing process: Firstly, the possi-
bility of exchange within the group proved to be supportive at
all stages of the experiment. This supports the great emphasis
placed on experiments and networking activities in real-world
labs (Meyer-Soylu et al. 2016). It also underlines the impor-
tance of networks if individual actors are to have an impact on
the transition process (Fischer and Newig 2016). Secondly,
the experiment and the real-world lab setting itself functioned
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as a facilitator. It became evident the real-world experiment
was perceived as an important, supportive infrastructure by the
participants throughout. This suggests real-world labs are liv-
ing up to their aim of being places for learning through testing
and experience (Parodi et al. 2017). It also became apparent
that, even though the experimental setting provides some kind
of freedom, it is heavily influenced and often hindered by the
regulatory and bureaucratic context of policies. This hurdle is
also reflected in the current discussion on a political level in
Germany about a “real-world lab law” that should ease testing
(Parodi et al. 2023a; BMWI 2021).

Limitations and further research

While small-scale experiments are good starting points for
the facilitation of learning in transition processes (van den
Bosch and Rotmans 2008) the results should be viewed with
caution because this real-world experiment only involved a
small sample (n = 22), making its results difficult to general-
ize from or scale up. Moreover, the study was conducted in
a German city and spatial circumstances or regulations may
differ in other countries. Further testing in other contexts
could help establish the results’ general validity.

As the concept of empowering role change in the energy
transition is still developing, future experiments could pro-
vide more empirical evidence that refines the concept of
role change as an “indicator for transition” (Wittmayer et al.
2017). In this regard, further research would benefit from
using the same measurements at different points in time
to improve comparability. However, these methodological
goals need to be balanced against the goals of a transdisci-
plinary designed research such as our real-world experiment;
direct comparisons were not possible in our study because
the experiment was co-designed with the participants and
had to be continuously adjusted throughout the experimental
phase.

In this study, we have limited our focus to role change on
the individual level. While we made an effort to consider
the context in our analysis, we acknowledge that concentrat-
ing on the micro-level can be both a strength and a weak-
ness. We argue that placing a deliberate emphasis on role
change on this level allows for great empirical and analyti-
cal depth, as well as a better understanding of what drives
people to change and how bottom-up transition processes
unfold. However, we recognize that social change requires
the emergence and integration at a societal level, e.g., “main-
streaming” of new roles. In our study, we did not delve into
the analysis of long-term transitions of citizens’ roles at the
societal scale. This would be an intriguing avenue for future
studies in the field of energy transitions.

Further research could also aim to study the role changes
examined here in relation to other mechanisms of change in
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transitions and other actors (e.g., how local energy suppliers
respond to stakeholders’ changed roles), but also the struc-
tural or political context. Our study only touches fleetingly
on the possible policy implications of our findings. Further
research could focus on governance processes around the
implementation of small-scale PV modules as part of an
overall strategy for decarbonized cities.

Conclusion

Our study provides deep insights into the role-changing
process in the energy transition, thus enriching the dis-
cussion about individuals’ roles in transition processes
(DeHaan and Rotmans 2018; Wittmayer et al. 2017) as
well as introducing new perspectives on role changes in
transdisciplinary projects (Huning et al. 2021). We have
shown that taking part in a real-world experiment encour-
ages changes in behavior and self-perception, leading peo-
ple to support the energy transition more proactively, and

Table 2 Data sources and demographic data of the participants

adding to the discussion about the effects of real-world
labs (Schifer et al. 2021). We have, furthermore, stud-
ied mechanisms of change to illuminate the role-making
process itself and analyzed supportive contextual factors.
Our findings support the conclusion that real-world labs
can serve as a place for empowering role change among
individual actors, especially emphasizing the importance
of these labs as places for experimentation, learning by
experience, and networking (Singer-Brodowski et al. 2018;
Schipke et al. 2018b; Parodi et al. 2023b). As evaluat-
ing the impacts of transdisciplinary processes, such as
real-world experiments, is a challenging task (Lang et al.
2012), and there is no standard procedure (Bergmann
et al. 2005), incorporating approaches from various disci-
plines appears to offer a promising avenue for elucidating
the effects of transdisciplinary experiments. Integrative
frameworks like the EAP hold great potential for overcom-
ing disciplinary boundaries (Bogel et al. 2022). With our
study, we have made the first attempts to put such an inter-
disciplinary framework into transdisciplinary practical

Interview Gender Birth year Educational level Size Housing Final survey
household
Interview 1 M 1959 University Entrance Qualification 2 Ownership X
Interview 2* F 1990 Master degree 5 Rent X
(double interview) M 1991 Bachelor degree
Interview 3 F 1970 Diploma 2 Ownership
Interview 4 M 1957 Vocational training 4 Rent X
Interview 5 M 1964 Vocational training with Master qualification 1 Rent X
Interview 6 F 1975 Diploma 4 Rent X
Interview 7 F 1971 University Entrance Quali. 4 Ownership X
Interview 8 F 1959 State exam teaching (element.& second.-school) 1 Rent X
Interview 9% F 1969 Vocational training 4 Rent X
(double interview) M 1966 Diploma
Interview 10 M 1985 University Entrance Qual. 2 Rent X
Interview 11% F 1987 Diploma 2 Rent X
(double interview) M 1987 Master degree
Interview 12* F 1986 Bachelor degree Rent
Interview 13* F 1977 Vocational training 3 Ownership X
(double interview) M 1976 2. state exam teaching
Interview 14* F 1992 Bachelor degree 2 Rent X
(double interview) M 1982 Vocational training
Interview 15 F 1969 Diploma 3 Rent X
Interview 16 F 1984 Master degree 3 Rent X
Interview 17 F 1968 Vocational training 4 Ownership X
Interview 18 M 1977 Diploma 2 Rent X
Interview 19 F 1965 University Entrance Qual. 2 Ownership X
Interview 20 F 1975 Bachelor degree 4 Rent X
Interview 21 M 1957 Vocational training 2 Ownership X
Interview 22 F 1991 Master degree 1 Rent X
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Coding scheme “Your Balcony Network”

Derivation Embedded Agency Perspective (EAP) ~ Main codes Sub-codes

Individual climate and environmental awareness
General attitude & wishes torwards the energy transition
Attitude regarding PV

Identified need for action & responsibility/
important players

Personal interests/affinity for technology
Contribution balcony modules: wishes & hopes
Others

Changes in participants’ attitudes
(Dimension: Change in practices, patterns of
use and agency)

Attitudes of the
participants towards
the energy transition

Changes narratives about energy
(Dimension: Change in symbolic meaning
and value)

New knowledge and skills
(Dimension: Change in practices, patterns of
use and agency)

[}
Sensitization through new knowledge / experience |
Already existing know-how, i
(New) knowledge through direct experience i
Getting to know a new technology i
Interest & opportunity L

New behavior or usage patterns

Energy sensitive lifestyle
(Dimension: Change in practices, patterns of 9 y

Behavior change,

1

[}

1

changed actions & Plans for the future !

IR utines No belief in change/no change i
Other changes !

Influence of social context

(Dimenson: Change in practices, patterns of

use and agency)

Exchange and
interaction with
others in the course
of the experiment

Reactions of environment
Interest/importance of sharing & community
Getting help/to help others

Influence on others

Perceived options for action, one’s own role
understanding

(Dimension: Change in physical space and
it's perception)

Experiencing self-efficacy

Multiplier effect/being a role model,

Making a contribution/feeling like making a difference
Self-image/ role understanding

Independence

Having fun/enjoying the technology

Self-efficacy,
empowerment and
new role models

Requirements and regulatory parameters
(Dimension: Changes in rules and
negotiation of regulative norms)

Economic in-efficiency

Regulatory framework, bureaucracy & administration
Technology, assembly, installation

House community, neighbors, landlords
Knowledge hurdles/complexity

Historic preservation

Other hurdles

llenges and hurdles
for balcony PV

Change of physical space
(Dimension: Change in physical space and
it's perception)

1
Structural attachment & adjustments (if necessary) i
Exterior alteration or adaptation !
Little alteration or adaptation needed |

[pdueikddiions Low-threshold, simplicity

[}
i
. . . 1
Cost savings as motivation i
. [}
Interest in research !

Fig.8 The final coding scheme used for the data analysis
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Table 3 Table of exemplary quotes

Factor Time Object of matter

Quote

Environmental awareness T1 Awareness as motivation

T2  New understanding of the energy
transition

Increased importance of PV

PV as a means of communication

Energy behavior Tl

Experience of energy topics

T2  Adoption of energy behavior

Energy saving measures

Sensitization effects

“So for me climate change and the environmental aspect are more
important than the money. Of course, I think it’s great if something
comes out of it financially, that is also a useful thing. But to me it
would actually be somehow more important, how can you really get
away from coal and nuclear power and change to producing energy
in a climate-neutral way?” (Interview 13, own translation)

“For me, it’s not about saving five cents or not, but simply using the
opportunity to use the energy that comes from the sun. There’s no
need to burn coal, so it’s the environmental idea” (Interview 7, own
translation)

[A new way of looking the energy transition is...] “that the energy
transition can succeed not only “centrally from above” but also
through each individual “from below” (final survey, own transla-
tion)

“Generating electricity directly at the point of consumption seems to
me to be a very sensible concept to me” (final survey, own transla-
tion)

,-We thought it was important before and this opinion has been
strengthened in the last year” (final survey, own translation)

“I think, or I hope, that the module is simply a means of communica-
tion. That it helps to exchange ideas. So in general it is simply an
impulse for something new and can simply open doors for all kinds
of things” (interview 17, own translation)

“The energy issue is part of environmental issues, but it doesn’t come
intrinsically from my interest. But, it’s part of the process that you
deal with it because it has an effect. Exactly, but it’s not that the
energy topic catches me, because that is simply too little tangible
and you can’t touch it ...” (Interview 2, own translation)

“My basic values are very ecologically oriented. I started with nutri-
tion and consumption and all kinds of other things, simply because
I’m not interested in technology” (Interview 3, own translation)

“I have optimized my power consumption and switched consumers
(dishwasher/washing machine) on at sunshine when the module
generates a lot of power. I also looked around the house to see what
else could be switched off temporarily” (final survey, own transla-
tion)

“Attempt to save energy through the module. Not turning on electrical
devices until power comes on. Being more aware of how to use
them” (final survey, own translation)

“I looked at all of the 40 light bulbs in my large family apartment to
see what bulbs are in them and what they consume. I replaced some
with LED-lamps, and changed others so that the very old energy-
saving bulbs are where they are very rarely used” (final survey, own
translation)

“Initially, nothing has changed, because the power output of the mod-
ule was too small ... after a few months I have nevertheless begun
to use electrical energy purposefully when the sun is out, since
there are also several (larger) PV plants in our environment, which
produce then energy” (final survey, own translation)

Although the output of the module was mostly too low to be able to
cook or wash completely self-sufficient, my awareness of the fluc-
tuation of renewables has nevertheless increased. I consciously used
electrical appliances such as dishwasher or washing machine during
the day. (final survey, own translation)
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Table 3 (continued)

Quote

Factor Time Object of matter
Knowledge T1 Lack of knowledge/barriers
Expectation of new knowledge
through experience
T2  New expertise and engagement
Better understanding
Self-efficacy T1 Perceived (limited) possibilities
T2  Experience of new possibilities to

contribute

PV as a facilitator for ones’ own self-
efficacy

“To be honest, I have never heard of this balcony module before. I
knew PV only on the roof ... but that there are such small modules
for the household, I was not aware of it and so I just found it excit-
ing” (interview 10, own translation)

“And there came the solar panel as called. Because I had already
thought about it and thought about buying one myself, but then I
had too many doubts...starting with which panel to buy and continu-
ing with the installation. If I had bought one of those things myself,
I think I would have really despaired” (Interview 8, own translation)

Kilowatt hours, that is a term, but how much it is exactly? I think
many can not grasp it. If you haven’t taken the advanced physics-
class or studied astrophysics yes... . I'm honest, I don’t need it in
everyday life very often... if after a year I know better, that is also
already an added value for me (interview 10, own translation)

“When I have facts in my hand, then it becomes tangible for me and
then I can tell something about it. Otherwise, it’s, jus theoretical
expertise, yes? I think, I just have to know how it works, what hap-
pens in use, then I can tell something about it” (Interview 09, own
translation)

“We now talk about the topic more often because we can also have a
say through the module, exchange ideas, etc. In the past, PV was not
really a topic that was talked about” (final survey, own translation)

“The topic interested me before, but I had the feeling I couldn’t have
a say—now we have our own experiences to share, e.g. with neigh-
bors” (final survey, own translation)

“I know from almost all devices how much electricity they consume
and use them consciously” (final survey, own translation)

“PV to touch, try out, experience for yourself” (final survey, own
translation)

“I have always kind of flirted with such things, how could we save
energy? For example heat pump, hot water generation, solar power,
but it was always like, well, you’re just a tenant here first, you can’t
determine it yourself...” (Interview 9, own translation)

“I honestly didn’t know that you can also take individual modules
with you. Because especially if you don’t yet have a permanent
residence and only live in rented accommodation, you don’t really
think about it” (Interview 2, own translation).

“that I generate my own electricity and can thus make a small contri-
bution to the energy transition” (final survey, own translation)

I felt more involved because I can contribute something myself” (final
survey, own translation)

“Photovoltaics have become a much more important part of the
energy transition for me, because you can also make a difference
yourself” (final survey, own translation)

“The subject of photovoltaics can be made easily accessible to every-
one with such a module” (final survey, own translation)
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Table 3 (continued)

Factor Time Object of matter

Quote

Role perception T1

T2  Discovered new possibilities

Taking up new roles

Assigned tasks to official stakeholders

“There has to be interaction between industry and politics, otherwise
the bottom line is nothing. Politicians have to set guidelines and
create the framework conditions and industry has to go along with it
and also make their contribution” (interview 04, own translation)

“Basically, I don’t think that the market regulates everything and that
for some things, such as the energy transition here, there simply
have to be government guidelines. And that it is the task of politics
to create that framework” (interview 9, own translation)

“And that’s where I think research would be needed, behavioral
research. What does that do to people? Which path is actually the
one that gets us to our goal faster? ... I think there needs to be more
research than on the technical side” (Interview 14, own translation)

“ With this balcony solar system one also serves as a role model and
that it is more than "just" having renewable energies for oneself,
but that it can also motivate others to think about it and possibly
provide an impetus for other people to rethink” (final survey, own
translation).

“You can simply start on a small scale and if everyone does a little,
then I think we can achieve quite a lot. And then everyone gets a
direct connection to the topic and can produce themselves, i.e. take
action themselves. Then maybe this hurdle is not so big anymore, to
think about it in a positive way” (interview 14, own translation).

“With this balcony solar system one also serves as a role model and
that it is more than "just" having renewable energies for oneself,
but that it can also motivate others to think about it and possibly
provide an impetus for other people to rethink” (final survey, own
translation).

“I was taken to the owners’ meeting by my mother (living in a big
housing complex with 144 apartments). There I clearly demanded
that PV systems or even balcony modules should be purchased”
(final survey, own translation).

use. We hope that future studies can build upon and refine
our approaches further.

When reflecting on whether the concept of role change
is suitable for measuring the impact of real-world labs, it
proves helpful to contribute to the research gap of depict-
ing transition processes at an individual level (Bogel and
Upham 2018; Kaufman et al. 2021). We therefore regard
it as a useful approach that will enrich the ongoing discus-
sion and “one piece of the puzzle” on the way to a deeper
understanding of complex societal transformation processes.

Appendix

See Table 2 and 3, Fig. 8, Final survey (Questions)

Final survey after 12 months of "Your
Balcony Network"

Dear participants,

For 12 months now, you have had your balcony modules
at home and mostly in operation. We are happy that we
have been experimenting together for so long! We hope it
was an exciting time full of new experiences for you and
perhaps it was an inspiration to make some changes. In this
final survey, we would like to look back on the last year
together with you and find out what influence the experi-
ment had on you and your environment, to what extent
your expectations of the project were fulfilled, and how
you evaluate the exchange with the group. The survey is,
so to speak, the conclusion of a year and is something like
the counterpart of the interviews we conducted with you at
the beginning. Therefore, this survey is a bit longer; please
allocate 30—45 min to answer everything at your own pace.
The answers are an important part of our accompanying
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research and final evaluation, so we hope for your active
participation.
Thank you for your participation!

e Please enter your participant number.
Changes at the personal level

e What has changed in your everyday life as a result of
the balcony module? For example, have certain rou-
tines changed, or have new patterns of use emerged? If
so, please describe this change. YES/NO
e If yes, did this change affect only one person at a

time or multiple, family WG members?

e Did the experiment open up new perspectives on the
energy transition for you, such as accessibility/proxim-
ity to everyday life, self-efficacy? YES/NO
e If yes, which ones?

¢ Did the experiment open up new perspectives for you
on climate change in particular or sustainability in gen-
eral? YES/NO
e If yes, which ones?

e Did your participation in the experiment change your
attitude towards the use of photovoltaics? YES/NO
e If yes, how?

e Do you remember any specific thoughts, conversations
or situations that changed your perspective about using
PV? If so, can you describe them?

e Have you purchased more solar panels, an electric car,
new more fuel-efficient electric appliances or the like
in the last year? YES/NO
e If yes, how did the participation in the experiment

influence this?
Changes in the social environment

e How has installing the module changed your balcony
or outdoor space (e.g., structural changes, change in
outdoor space use, etc.)?

¢ Did the way you talk about photovoltaics or the energy
transition with family, friends. or acquaintances change
in the course of the experiment? If yes, to what extent?

¢ How did your environment (family, friends, acquaintances
...) react to the balcony module? If you can remember indi-
vidual comments or situations, please note them down.

e Have changes in your personal environment (family,
friends ...) occurred at the time of the experiment?
Have e.g. family or friends changed their views on
the topics of energy transition, solar energy use, sav-
ing energy ...7 Were solar systems, electric cars, new
economical electrical appliances purchased in your
environment, and if so, were you able to support these
changes through your experiences?

@ Springer

Reflecting expectations of the project

e Looking back after 12 months with the balcony mod-
ule, which expectations have been fulfilled for you and
which have not?

e In your opinion, what are the biggest advantages and
disadvantages of a balcony module?

e Did you observe any effects in connection with the
experiment that you would not have expected beforehand
(positive, negative, or neutral effects)?

Influence of group and networking

¢ Did the exchange within the “Your Balcony network™-
group (analog/workshops or digital/forum) help you to
implement your experiment? If yes, for which topics was
an exchange particularly helpful, and what helped them
most?

e What do you appreciate about the exchange in the group?

e What bothers you about exchange within the group?

e In “Your Balcony Network” one of our goals was to
address and involve women in particular. In your opinion,
to what extent has this been successful? What has worked
well and what needs to be improved?

Recommendations

e Would you buy another balcony module at the end of the
project? Please give reasons for your decision.
e What else would you like to share with us?

Done—Thank you for your participation in the survey!
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