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1 Introduction

Recent EU legislation [1], [2] has encouraged the development of low-carbon
production systems and energy communities at the local level. As part of a research
project, a participatory committee was set up to discuss the carbon footprint of
photovoltaic (PV) panels and a serious game was developed to foster participation.

1.1  The development context of the serious game : Atlantech, a "'low-carbon”
district, incubator of a collective self-consumption operation

Atlantech is a low-carbon urban district located at the northern end of La Rochelle,
France. It consists in an area of activity dedicated to the energy transition, making this
district an incubator for innovation and a large-scale demonstrator. While some see it
as a "beta" version of the city of the future, others see Atlantech as "closed in on itself".
This sense of separation from the rest of urban life is encouraged by its modern design
and architecture, which visually mark its distinction from the adjacent neighbourhoods,
and is reinforced by its spatial configuration. Within the neighbourhood itself, groups
are defined according to different activities: living, working or learning [3]. A research
project is underway in the Atlantech district, the RECA project for "carbon reduction
for collective self-consumption”. This project started in July 2020 and will continue
until July 2023.

One of the aims of this research project is to evaluate the carbon footprint of
photovoltaic panels integrated within the Atlantech district, including both the
environmental impact of the local production and storage (if any) systems and the
interaction with the national grid. Production and consumption at a decentralised level
is known as self-consumption and has developed worldwide in recent years due to its
economic attractiveness. Two configurations of self-consumption can be distinguished:
individual vs. collective. In the case of individual self-consumption, the electricity
generated from renewable energy sources is primarily consumed by the producer; the
excess energy (if any) is then sold or given away to the main grid. In the case of
collective self-consumption, the energy produced within the organisation is shared with
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nearby consumers according to commonly agreed rules, thus minimising excess energy.
In this article and in the research project, we focus on collective self-consumption
because of the societal challenges posed by energy sharing.

The environmental impact of PV panels was performed by researchers and quantified
by evaluating the carbon emissions avoided by the PV panels (units in tcoz eq/year).
Thermal and electrical simulations of the Atlantech district were performed for
different time horizons (2019, 2035, 2050). Hourly simulations were required to better
account for the variability of production, consumption, and emission over time. The
first results of the research project indicated a positive impact of collective self-
consumption even for future energy scenarios. Sensitivity studies were also carried out
(Figure 1) and highlighted the strong influence of design choices on the environmental
impact of the local production system [4].
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Fig. 1: Parameters tested in the sensitivity analysis.

1.2 The participatory committee of the research project

The other objective of the research project is to share and discuss the results outside the
academic field. As shown in Figure 2, the participatory component of the RECA
project, by bringing together energy experts, users, and local authorities, aims to
integrate all the actors concretely involved in the development of a district through a
participatory committee by acting on three points: (i) enabling citizens to reflect on
their needs and energy consumption patterns, (ii) analyse the overall energy chain to
identify carbon emissions, (iii) implementing and testing a common evaluation method
between energy providers and citizens, in order to be able to objectively analyse the
emissions of the collective self-consumption operations set up. In this respect, the
Atlantech district is part of a collective self-consumption operation that questions the
production and circulation of knowledge through participation. Participation, as a
means of responding to specific issues, is relevant in the face of the incertitude caused
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by climate disruption, and indeed, it is also relevant in the projects inherent to the
ecological transition [5].

ADEME, which is funding part of the project, is showing its willingness to
integrate citizens more and more in research projects by funding "participatory
research™ projects. Several definitions of participatory research have been proposed.
Thus, the Houllier report for the Ministry of Higher Education, dating from 2016,
defines participatory science and research as "forms of scientific knowledge production
in which non-scientific-professional actors participate in an active and deliberate way"
[6]. Another definition is proposed by the CNRS ethics committee, which refers to
"sciences with citizen virtues, at the service of society in their organisation and
functioning™ [7] and reflects the idea that this mode of research aims to provoke social
change and work for the transformation of science by providing concrete solutions, "for
action" [8]. Several authors have highlighted the strengths and limitations of
participatory serious game design [9][10]. They point out that it "increases public
engagement with research and facilitates learning and change, ensuring that
technologies are tailored to people’'s needs”. However, despite its popularity,
participatory design has remained limited in the design and development of serious
games and is often restricted to critical feedback on games [41] . Therefore, the idea of
creating a serious game (called Solaropolis) was discussed. Our approach is intended
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to serve as a concrete example of co-design of a serious game, on a minor theme
addressed by serious games: collective self-consumption.
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Fig. 2: Project and stakeholders ecosystem. Solaropolis game is represented as an "frontier
object”, mediating between the different components of the RECA project, the Atlantech
district and beyond.

We have documented the entire participatory co-design process of the Solaropolis
game. In fact, the action research [11] presented here is based on participant
observations made during the 7 meetings of the RECA participatory committee over a
period from January 2021 to April 2023 (Fig. 3), as well as on interviews conducted
with meeting participants. This is action research as the researchers are directly
involved in the search for strategies and methods of action, the main objective being to
prepare the group for change through the participatory process and by creating a form
of individual and collective liberation, empowerment. Participatory observations are
carried out by the project coordination and facilitation team and result in reports for the
participatory committee. At the same time, a logbook is used to record the various key
moments of the project, which will form the basis of a broader analysis as part of a
thesis in progress®. The comprehensive interviews [42] carried out at the beginning and
during the project (between September 2021 and December 2022) are 19 in number and
constitute the first phase of a more global study around the RECA project and its

! Nina Colin - Participation as a mode of research: between plurality of practices and potential for
replication. Through the study of a territorial case: the energy and low carbon transition in La Rochelle.
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participatory committee, they will be coupled with a second phase of interviews in June
and July 2023, at the end of the project.

The article will first present the potential of mobilising the co-design of the game as an
anchor for the exchanges of the RECA participatory committee and then, in a second
step, we will discuss the co-construction of the game experience itself.

2 Mobilizing the game framework as an anchor for the RECA
participatory committee's discussions

The purpose of this section is to illustrate the intent and the contribution of game co-
design to (i) the RECA research project; (ii) the researchers; and (iii) the users. By
analysing the evolution of the objectives of the participatory committee, let us begin to
study the genesis of the serious game.

2.1  Evolution of the objectives

During the set-up phase of the RECA project, there was a real desire to integrate the
future users — residents, workers, students — of the self-consumption loop into the
research carried out, with the initial objective of building a simplified and robust
methodology to assess the carbon impact of self-consumption at the scale of the
Atlantech district. This involvement of users in the project does not stem from an initial
need on their part, but rather from the framing of the project coupled with the will of
the funder. The participants are either individual volunteers or from neighbourhood
organisations who are obliged to attend Atlantech events. It should be noted that this
obligation concerns the organisations, but the participants as individuals are all
volunteers. The committee is also made up of researchers who have little experience of
participatory research but who are convinced of its importance.

Extracts from the interviews conducted at the beginning of the project (phase 1)



Employee 1 in the Atlantech district

Resident 1 of the Atlantech district

"Maybe | wouldn't have provoked it, but it
was an opportunity. Afterwards, as we said
earlier, it was obvious ... and it was part of
the job."

"l think that it is quite representative of the
general population, in a general way, we
speak about the environment, we speak about
energy saving, we speak about ... here we are,
about ... managing energy [...] but and ...
what do we do? And what can | do, at my
level? That's the big question."

This initial configuration is not necessarily conducive to the implementation of
participation. The users were initially quite critical about the project, lamenting the
technocratic choices made in the district. After the first meeting, they only expressed
the wish to build "something that stays", they were willing but waiting to know "what

to do together".

Extracts from the interviews conducted at the beginning of the project (phase 1)

Resident 2 of the
Atlantech district

Resident 1 of the
Atlantech district

Resident 3 of the
Atlantech district

Employee 1 in the
Atlantech district




"[...] for concrete
action, yes, and
something we can
touch."

""So what now ... the
next step? Where do
we go, what do we
work on? With
whom? And our
projects? Is the
project feasible?
Will we be able to
see the evolution of
the neighbourhood?
because the
neighbourhood is

"[...] But in any case
to build something,
yes, that will allow us
to easily talk again
even when there is no
longer this system of
animation like that.
And then to make
collective choices on

energies, well, on
things to put in
place."

"l don't know yet, in
relation to  the
meetings,  because
we haven't done
much [...] where we
want to go and where
we are going? And |
think now, in the next
few meetings, we're
going to have to
settle down and start
doing ..."

evolving ..."

As meetings are held, the involvement of the committee led to a shift in the
participants objectives towards the followings: the appropriation of a new technology,
involving the entire neighbourhood (2 km) by a small group and the accompaniment of
the energy and environmental transition through energy sobriety. So the idea of creating
a serious game was proposed by the animation section and discussed and agreed by the
committee.

At this stage of the article, it seems important to specify that three levels of
objectives are intertwined in the RECA project: (i) the objective of the RECA project
itself corresponds to the development of a methodology for calculating carbon
emissions for collective self-consumption; (ii) the objective of the participatory
committee is to provide reflective feedback on the work of the RECA project
researchers. This objective requires an improvement of the group’s knowledge and
skills in the field of energy. For this purpose, the collective creation of the serious game
seems relevant, as it is able to set the framework and channel the exchanges. It also
responds to the group's desire to create something that will last beyond the project.
Finally, (iii) the objective of the serious game — which is in the design phase — is to
inform citizens about the design and operation of an energy community and the
environmental impact of self-consumption. It also makes it possible to disseminate the
results of the RECA research by presenting the principle of collective self-consumption
to future users or communities, and/or to encourage future investors to join an energy
community. Finally, it is also intended to teach the right gestures for the optimal use
of collective self-consumption in order to guarantee a reduction in carbon emissions. In



fact, through this energy management game, the committee will have to make
decisions, react, give its opinion on several indicators and/or co-construct these
indicators.

2.2 The game as a framework

Djaouti et al. [12] date the official birth of the term ‘serious game’ to the early 2000s.
These are experiential environments [13], playful objects, diverted — at least in part —
from their initial use: to entertain us to focus on reflection, information or stimulation.
They are tools for simulation and even co-construction [14]. A recent review from
Morganti et al. [20] highlighted the positive influence of serious games on energy-
saving behaviours. The development of the game presented here is based in particular
on (i) collective creation times, (ii) an "ultra-simplified" carbon calculation model. The
game itself is based on the allocation of roles and the organisation of debriefing by the
facilitator at the end of the game session.

The serious game developed during the research project is related to energy, which
level of knowledge within the population is known to be relatively low [15]. This level
of knowledge is sometimes defined as energy literacy: it encompasses not only the
understanding of the nature and role of energy in the world and in everyday life, but
also the ability to apply this understanding to answer questions and solve problems [16].
Several reasons can explain this energy-illiteracy: complexity to visualise energy flow,
distance from the centralised production systems or energy sources, and difficulties to
identify the capacity of actions [17]. Moreover, in the case of the development of
collective self-consumption, understanding energy is not sufficient, but citizen’s active
participation is the foundation for the acceptance and development of new technologies
[18]. The game co-design is therefore used here as a basis for the group to appropriate
and understand the technique.

In a certain way, the game serves also as a framework for the exchanges of the
participatory committee by its capacity to give rhythm to the passing of time: it
guarantees that the participants, whose wish it was, have an objective. Indeed, as we
have seen previously, participation is conditional on the investment of time and energy
being used for something, and the research process does not guarantee an outcome, let
alone a usefulness [19]. This is particularly apparent during the preparation phase of
the group sessions, where certain elements of the game framework (e.g. preparing a
workshop to create "random event" cards or to reflect on the different roles in the game)
structure the issue to be addressed in connection with the research project (such as the
origin of the photovoltaic panels, the indicators to be taken into account, the
governance, etc.). These numerous possible connections are as many “entry points" to
apprehend the complexity of the research objects that are self-consumption and the
calculation of carbon emissions. During the collective high points, the discussions and


https://www.zotero.org/google-docs/?6WYWz4
https://www.zotero.org/google-docs/?iCMwDL
https://www.zotero.org/google-docs/?sqjLRa
https://www.zotero.org/google-docs/?S1iBfI
https://www.zotero.org/google-docs/?DjYwN8
https://www.zotero.org/google-docs/?qtgNAb
https://www.zotero.org/google-docs/?FUS4E7
https://www.zotero.org/google-docs/?qK2oyX
https://www.zotero.org/google-docs/?uBZViB

debates are then channelled around the objective of creating the game. The game
framework sets the conceptual model that allows for exchanges. Beyond the general
direction given by the project, this space of exchange between experts (researchers and
engineers) and users is also a space to raise awareness of energy sufficiency, presented
as an essential aspect of the energy transition.

The "game" object is a mediator for the appropriation of this technology to be
used in "common". The common construction of the intermediate object allows the
participants to build a common representation of their system allowing in a sense to
lead the group towards a new form of decisional autonomy concerning the consumption
of electricity, stronger than if they had only participated in a game session. Thanks to
the facilitator training that will be organised in the near future, participants in the game
design will be able to become "game ambassadors™ if they wish, by facilitating and
broadcasting game sessions, along the lines of LittoSim-Gen and the "LittoTeam", for
example [21]. These are overflows that we cannot foresee or anticipate at the moment,
which will be the subject of a second phase of analysis (from July 2023).

2.3 The facilitator, a necessary game master?

As Ghelli [39] reminds us, "The question of accompaniment is fundamental in the
design of an educational game: the game does not have the same constraints if it is
designed to be played independently or if, on the contrary, it requires the presence of
a facilitator." [39]. The participatory committee imagined a game that requires the
presence of a facilitator, whose role is to facilitate during and after the game, during the
debriefing phase. For the committee, this is not a "Saturday night game", but a learning
and awareness tool dedicated to specific moments and organised by a third party.

During the game, the facilitator acts as a narrator, but is also responsible for
ensuring that the participants understand the mechanics of the game. He is at the same
time a "game master" who explains the rules at the beginning of the game, a companion
who guides the players during the game, and also a "knowledge broker" [40] who is
able to provide information and approach theoretical concepts when necessary. In short,
he is the guarantor of the pedagogical objectives and therefore of the "serious"
dimension of the game [14].

At the end of the game, he or she will also be responsible for conducting the
final debriefing. Based on the model of the “2-ton” workshop, the aim of this debriefing
is to allow the group to discover how it could have improved "even more" the carbon
footprint of the self-consumption operation designed by the team. It also serves to
ensure the "double process of translation and interpretation” inherent in the use of a
boundary object, allowing the interpretation of what happens in the virtual world of the
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game for the real world. It makes it possible to understand and analyse the results of
the game in terms of action in the real world [33].

3 Co-constructing a game experience, from intention to action

The purpose of this section is to present the existing serious-games related to energy
communities and then describe the co-design phases and the gameplay. We will focus
on the development of the game within the RECA project and the role given to the
participatory committee and the researchers. It was decided to create a new game, rather
than hack an existing one, for several reasons: (i) after a survey of existing serious
games on the subject, we found few board games linking the themes of energy and
carbon on an annual scale. (ii) The original creation of a game made it possible to
capture all aspects of the design and therefore of the project, implying a stronger bond
of the collective creating something unique. Nevertheless, it should be noted that the
group was inspired by the mechanics of several games, including: (i) Galerapagos
(Gigamic, 2017) for its resource management aspect and its extension in terms of roles
and character cards, (ii) Carbon Lean (Themelsle, 2020) for its game mechanics around
carbon calculation.

3.1  State-of-the art of existing games

Serious games on energy-related topics are seen as one of the solutions to overcome the
knowledge gap on energy. In this article, we will focus on games related to the
development of renewable energy systems. Regarding the level of study, some games
target the country- or city-scale with the objective to develop a complete energy system
made up of different sources (e.g. CityOne [22], Power Matrix [23], EcoVille [24]).
Other games focus on a smaller scale and deal with the local production of energy
connected to an electrical grid (e.g. energy communities). A recent review proposed by
Nykyri et al. [25] lists the serious games developed in the context of energy
communities. Table 1 provides an overview of the characteristics of these serious
games. The objectives are quite similar for all board games, i.e. to provide a better
understanding of local production systems and to initiate cooperation/ negotiation.
From this table, it can also be observed that the games focus on different stages of
development: the design/investment phase (Changing the game, Energy Game), the
operation phase (Social Mpower, Sous Tension) or both phases (Electric City, DLT
Energy Game). The games developed were either digital (2D or 3D) or board games.
For some authors, board games were seen as advantageous as it allowed keeping an
overview on the whole system [18]. Regarding the timescale represented in the game,
a large variety can be observed, from one day (Social Mpower) up to 30 years
(Changing the game, Energy Game). Finally, it should be highlighted that some games
proposed a physical representation of energy in the form of brick to overcome the
problem of materialising energy use (Changing the game, Sous Tension).
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Table 1: List of serious games related to local production and consumption of energy and local
energy communities.

Name of the game Learning objective Format Role Unit Duration Cooperation
Social Mpower [13]  Understanding RES, Energy 3D simulator Inhabitants Energy Typically a day, until Yes (negotiation
sharing a player run out of among players)
energy
Changing the game — Create a district and its energy Board game District designers Energy and 30 years Yes (for global targets
Neighbourhood [18] system (electricity, heat, C0o2 and for unpopular
transport), CO2 reduction actions)
Electric City [26]  Secure and manage electricity, 2D island Inhabitants 3 dimensionless 6 turns Yes (negotiation)
food and water simulator resource scales
DLT Energy Game  Understanding of peer-to-peer ? Inhabitants (with  Energy and Cost 2 rounds (withand  Limited (sharing only)

[27] energy trading and DLT

Design a neighbourhood energy 3D environment
supply and earn as much money
as possible

Energy Game [28]

Board game

Sous Tension [29]  Share energy among apartments

PV or without PV) without exchange)

Developer Energy and Cost 30 years No

1 week (divided in 3 Yes

hrs)

Inhabitants of the
building

Energy

3.2 The game context

Game synopsis:

Welcome to the Solaropolis district! Today, you will play the role of citizen-builder by
participating (or not!) in a local renewable energy production project. Together, you
will have to develop your district in two stages: you will start by initiating a self-
consumption project, and then you will have to develop it throughout the year by
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limiting its carbon footprint, despite the dangers and interests of your characters! Don't
forget: sobriety and resilience will be essential to finish the game with the lowest
possible carbon footprint, while saving your wallet...

The synopsis of the game (see text above) aims to allow the player to enter the
game universe through 'setting in narrative' [14]. This storytelling, coupled with the
different possible scenarios, serves as mediation by allowing players to immerse
themselves in the message conveyed by the designers. In this case, it is the participatory
committee that produced the synopsis, through a collective intelligence workshop
proposed during a group highlight. We note the emphasis on the collective and
cooperative dimension in the synopsis of the game produced by the committee.

3.3  Design Phase

One of the main challenges of designing a serious game consists in simplifying the
complex mechanisms of the real world by a few clear rules, which will provide the
framework for the execution of the game [18]. Moreover, to achieve the learning goals,
the game should include the following features: pleasure, reward and progression over
time [30], [31]. The initial design of the game started in June 2022 and the test phase is
still ongoing to date (Fig. 3). We will thus describe the first outcomes of the design
process.
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Fig. 3: Game development timeline.

The overall design phase was twofold: first three meetings were set-up to acculturate
the committee to the topic of energy and self-consumption and four meetings were then
organised over a one-year period to design the serious game in cooperation with the
participatory committee. In addition to these regular meetings, two persons were more
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closely involved in animating and coordinating the participatory committee and
ensuring that the results of the meetings (sometimes with conflicting opinions) were
incorporated into the game design.

Different topics were discussed in groups to develop the game: format,
cooperative vs. competitive, gameplay, roles, rules, indicators, storytelling, etc. Various
game formats were proposed: mobile application, escape game or board game. During
the discussions, the board game was favoured due to its ease of deployment and to
support the exchanges between players. The participants also agreed that the game
should be deployed during collective times (neighbourhood committee, events, etc.),
which makes the board game more suitable. A debate was also opened on the interaction
between players, and more specifically if the game should be cooperative or
competitive. Due to the collective nature of (collective) self-consumption, it was quite
natural to propose a cooperative game and a large part of the committee agreed on this
choice. However, some proposals later in the design phase tended to be more
competitive as this format was seen as a way to spice up the game and foster
participation. This will be checked during the test phase.

Another important part of the co-design phase included the definition of
rewards and penalties in coherence with the scientific project. As highlighted by
Prilenska [28], the development of the gameplay should avoid the bias from
oversimplified models. The order of magnitudes should be in line with the scientific
results to avoid misleading the players. In order for the participatory committee to get
a better understanding of the carbon footprint of self-consumption, a simplified model
(see Fig. 4) was proposed by the scientists to observe the variation of the carbon
emissions depending on the design and operation of self-consumption (see parameters
in Fig. 1). The committee could explore a spreadsheet on their own, to estimate the
gains or losses from various design choices. However, the committee did not really
make use of this spreadsheet and relied more on scientists to provide them with accurate
figures. This role of external and trusted advisor was also identified by Voinov [32].
Among the different factors that can influence the carbon footprint of collective self-
consumption, it was decided to focus on a few of them, namely: the origin of the PV
panels (China vs. EU), the size of the powerplant, the influence of seasons, the
behaviour of participants (energy conservation, flexibility) and the energy efficiency of
buildings. Moreover, the committee decided to have both monetary and carbon units in
the game, as these two indicators could lead to conflicting choices for the players.

It should be highlighted that the lessons learned from the game are not specific to
the district evaluated (i.e. the Atlantech district). In fact, the results and conclusions
will be alike for other sites in France (similar annual PV production), other district sizes
(effect of scale only) and other years (sensitivity study over four different years).
However, the conclusions will not be valid if there is a drastic change in electricity use
(e.g. industrial district, or a district with a limited use of electricity for space heating or
domestic hot water).
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Fig. 4: Presentation of the workflow for defining the data to be used for the design of the
cards.

3.4  Gameplay and game material

The game involves the design and operation of an energy community in the Atlantech
district. Residents, investors and workers must work together to design and operate a
PV system that both improves the district's carbon footprint and generates savings.
The game material consists of a wooden board with chips manufactured
locally (see Fig. 5). Before starting the game, each player chooses a card with a role
assigned to it (family living in the neighbourhood, young adult renting an apartment,
landlord, CEO of a company, etc.). These roles will define individual objectives to
reach (either more focussed on the money, or on the carbon emissions) and different
interest in the installation of PV systems (depending on their electricity consumption).
The game is organised in five rounds: the design of the PV system is performed during
the first round, and the four last rounds are related to the operation of the system during
four seasons (autumn, winter, summer, spring). The objective of the first round is for
the player to understand the interest (financial or carbon) to group their investment in a
shared local production plant. The last four rounds focus on the challenges related to a
variable production system and the need to adapt the consumption of the district. The
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group wins if they manage to get electricity all year long and if they reach their

collective target to decrease the greenhouse gas emissions.

Fig. 5: Provisional gameplay. The photovoltaic power plant is built during the first phase of the
game. The game board comes into play during the second phase of the game and represents the four
seasons, each season consists of risk cards (weather, circumstances, ...) the change of season takes
place when each player has drawn a risk card and possibly performed an action during the season,
the end of the game is called when all four seasons have been played. Each player has in front of
him: a character card and action cards. The carbon scoreboard makes it possible to follow the
evolution of the carbon impact of the collective self-consumption operation over the course of the
game. (Illustration : Mégane Haenn).

4 Discussion

4.1  Matching the game's intent (part 2) to the game's mechanics (part 3)

= 1l

sijodosejos

Solaropolis

[0
YRS Action cards

E.Ostrom [37] pointed out that the conditions for cooperation within the
commons are not reduced to access to the resource. They depend largely on the degree
of commitment to the collective and the trust that its members maintain [38]. Factors
that facilitate cooperation include the ability of participants to communicate with each
other, their ease of entering and leaving the collective, and their ability to project
themselves over the long term [37]. Through the organisation of shared sessions
between several social worlds, the game aims to enable mutual knowledge between the
users of the self-consumption community and the different actors involved (producer,
organising legal entity, distributor, etc.), thus ensuring long-term involvement within
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the energy community. Bourazeri et al [13] also use Ostrom's notion of the commons
to design a social serious game that aims to enable collective awareness of energy
consumption, while showing that the serious game is an effective way to change users'
behaviour and habits around energy consumption.

4.2 Beyond the participatory approach, the appropriation of a technique

This section aims to highlight the impact of the game design on the participatory
committee and in the appropriation process of the collective self-consumption
technique. As Barreteau et al. [33] note, "knowledge sharing is a privileged means of
changing the relationships between individuals, as well as the relationships between
individuals and the resource”. Thus, the serious game presented here - which is still in
its design phase - can be described as an intermediate object (10), in the sense that it
allows for collective reflection between several types of actors: "laymen”,

"researchers”, "technicians™ and "facilitators” (Figure 2).

The game is an artefact [43] that helps to structure the committee by giving it
consistency, a clear and tangible objective and stability over time. It also fulfils the
three characteristics of 10s as defined by Dominique Vinck [34][35].

Thus, the game is an intermediary object for the participatory committee, but
also subsequently for all future players. By becoming the mediator of change, it allows
the exploration of different transformation options and their consequences, of different
possible transition paths. More precisely, it is a frontier object because it can be used
by multiple actors from different social worlds. This frontier object induces a situation
of mediation in which the actors seize the object differently while sharing a common
goal: testing different scenarios of self-consumption, possibilities of development of
the operation and can interpret roles without direct impact on reality [21].

4.3  Playful transmission of technique use

One of the objectives of the RECA participatory research project is to analyse
the potential for replicating collective self-consumption operations, such as the one
carried out in Atlantech, in other districts. The game, which is not specific to Atlantech
but aims to represent a typical neighbourhood, seems to be the ideal intermediate object
to allow future users of these neighbourhoods to understand the technique that will be
used there. In fact, the data used in the project are applicable to other cases of study
because the indicators taken into account are: the French climate and the "residential
area" aspect.

We have therefore decided to involve them in the participatory process during
the test phase of the game (Fig. 3). We will therefore organise three test sessions of the
game with the future users of two districts of La Rochelle, before the day of the return
of the project and the official presentation of the Solaropolis game on 1 June 2023. The
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test phases of the game will take place between 6 and 20 May 2023. To document this
phase of the project, we have planned (i) a quantitative study analysing the dynamics
and mechanics of the game, the pedagogy of the game and the initial knowledge of the
respondents on the energy field. This quantitative study will be coupled with a focus
group to explore in detail the testers' experience of the game. This is part of the ongoing
RECA research.

Conclusion

In this article, the potential of mobilising the co-design of a serious-game as an
anchor for the exchanges of a participatory committee was presented and the game
design and experience were described. Three levels of objectives were intertwined in
the research project: (i) for researchers, the development of a methodology for
calculating carbon emissions for collective self-consumption; (ii) for the participatory
committee, the discussion of the outcomes of the RECA projects; (iii) for the serious
game, the information of citizens on the design and operation of a self-consumption
installation.

Thus, through the co-design of the serious game, the technology is "experimented"
and discussed among the players involved in the game. Existing literature also supports
this finding, it has been confirmed that a game is beneficial for learning knowledge
considered outside the normal expertise of a player [27]. However, we recall here that
at this stage of the study, the game has not yet been tested, so we are waiting to find out
whether the game is really pleasant, what impact the facilitator has on making the game
pleasant and instructive, and whether the educational objective of the game is achieved.
The aim is to involve the participatory committee in the testing phase to get feedback
and ensure that the game is playable. The public release of the game prototype is
planned for 1 June 2023.

The limits of the participatory process will be discussed and analysed at a later
stage of the study, when the second phase of interviews has been conducted. For the
moment, the game seems to have reduced the asymmetries between "researchers" and
"users", but we note a form of asymmetry inherent in the seniority of the participants
in the participatory committee. In fact, we decided at the beginning of the process to
leave the participatory committee open to the renewal of participants. This proved to
be necessary because not all participants were available for every meeting, although a
‘core’ group formed over time. Nevertheless, the last people to join the committee
showed more difficulty in integrating into the process, as evidenced by their difficulty
in speaking up, the number of suggestions they made, and their degree of socialisation.
We will try to explore this aspect of the study in more depth in the near future.
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