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Abstract: Energy transitions around the world will change the spatial fingerprint of the electricity
sector, but there is a lack of studies on citizen preferences for siting the future mix of electricity
technologies. Using the case of Switzerland in 2035, we present a serious board game to form and
elicit citizen preferences for spatial siting of a full mix of electricity technologies and we test this
game with 44 participants in the city of Zurich. The game proves to help elicit valid preferences
of the participants and lead to measurable learning effects about this complex, multi-dimensional
topic. The results show that these 44 participants prefer a diverse mix of renewable technologies
for Switzerland in 2035. In terms of siting, these participants consistently choose the efficiency
strategy, where new plants are concentrated in the areas where they produce most electricity at least
cost, in contrast to the strategy of regional equity, where all Swiss regions would equally build new
generation and share the benefits and burdens of the energy transition.

Keywords: electricity mix; renewable energy; equity; spatial planning; participatory planning; public
preferences; serious games; citizen engagement

1. Introduction

The Paris Agreement to mitigate climate change globally [1], the European Union’s long-term
strategy of net-zero emissions [2], and many national plans for energy transition [3-5] include ambitious
targets of low-carbon energy supply. Energy efficiency and high shares of renewable energy are
increasingly considered to be feasible and desirable for meeting these targets [6-8]. For example, on the
supply side, the Swiss Energy Strategy 2050 [9] and the Swiss Federal Energy Act [10] aim to increase
new renewable electricity supply from solar cells (PV), wind, geothermal, or biomass from 2.7 TWh
in 2018 to 11.4 TWh until 2035, in addition to already well-established hydropower. Hydropower
already covers two-thirds of the electricity mix in Switzerland and, after the planned nuclear phase-out,
techno-economic analyses indicate that the major share or even the full electricity mix would need to be
based on renewable technologies [11-13]. Once disaggregated and regionalized, such scenarios with
high shares of decentralized renewable technologies reveal all the more ambitious nature of the Swiss
transition [13-15]. As compared to today, where five nuclear reactors in four locations supply over a
third of the Swiss electricity, the future electricity mix will undoubtedly change the spatial fingerprint
of the electricity sector.

Like all industrial activity, renewable technologies carry various costs, risks, and benefits to
human health, safety, economy, and the environment [16-19]. There is no single technology that comes
only with benefits. For example, wind power has generally low life-cycle environmental impacts,
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but adds to mineral scarcity, whereas small hydropower has comparatively high impacts on flora and
fauna or water systems, despite low life-cycle impacts on climate change or air pollution [20]. Due to
the irregular spatial distribution of renewable resource potential, some sub-national regions will be
affected by the electricity sector transition more than others [13,18,21]. Two idealized strategies for
siting new renewable generation can be distinguished [13,19,22,23]. First, new renewable generation
could be located following the efficiency or least-cost principle and would be mainly concentrated
in a few most productive locations, for instance, with the highest solar irradiation or wind speeds.
In this case, a smaller number of regions would bear all the costs, risks, and benefits. Alternatively,
renewable generation could be sited in a regionally even manner, sacrificing some productivity and cost
performance, but ensuring a more equitable distribution of costs, risks, and benefits across sub-national
regions and an easier integration into the grid [13,19]. The pros and cons of the two strategies
were investigated in Switzerland [13], Germany [22], European Union [19], United States [24,25],
African countries [26,27], and elsewhere. The preferred strategy is ultimately a question of values rather
than factual analysis [13,23]. There are many spatial investigations of the technical, environmental,
or socio-economic dimensions of renewable generation that mostly focus on the advantages and
disadvantages of various siting scenarios [19,28-33]. However, spatial analyses that also incorporate the
value judgments of citizens or stakeholders are rarer [34-39]. Existing participatory studies primarily
revolve around the spatial planning of concrete energy projects in specific locations [37,40,41] rather
than on more holistic value judgments on efficiency versus regional equity.

On a parallel track, social scientific literature to date mostly focuses on assessing citizen preferences
for individual technologies or technology mixes without any spatial dimensions [42-46]. Since citizens
show ever-increasing preferences for renewable technologies [46—48] and since most renewable
technologies are needed anyway to reach ambitious transition targets, limited useful conclusions
can be drawn from these generic technology preferences. Technology location is a factor that also
contributes to citizen preferences, for example, when wind power is perceived positively elsewhere,
but not in one’s own community [49,50]. On a regional level, citizen preferences have been elicited
for tolerable distances from residential or protected areas to large solar facilities [34] or enhanced
geothermal systems [51]. In the case of nuclear power, citizen preferences have been shown to change
non-monotonously with increasing distance from the plant [52]. However, no study exists to date on
citizen preferences for complete technology mixes at a national or sub-national level, including the
spatial dimension of where these technologies should be located.

Eliciting robust citizen preferences for such a complex topic as the tradeoff between efficient
versus regionally equitable siting of a full mix of technologies, including renewable technologies,
is challenging. If elicited in conventional surveys, the preferences could be biased and would not
represent the actual value judgments of the citizens for several reasons. The opinions of non-experts
are often distorted by misconceptions and awareness gaps [53,54], for example, when nuclear power is
believed to emit direct greenhouse gas emissions, natural gas is perceived as renewable, or enhanced
geothermal systems are thought to have a potential to induce a vulcanic eruption [44,53]. Especially for
new technologies [44,45,55], the citizens may not yet have fully formed and stable opinions and first
need to go through the process of preference formation to be able to articulate these preferences [56,57].
The process of preference formation is cognitively demanding and requires motivation, effort, time,
and skill [58-60]. Various methodologies have been proposed in order to engage citizens in the process
of learning, for instance, by reading factsheets and participating in group discussions [42—45]. In other
environmental fields, serious games have been used to simplify highly complex topics for individual
learning as well as for facilitating the participant’s appreciation of the opinions of others [58,61].
Although multiple serious games on energy exist, for example, to motivate behavior to reduce energy
consumption or to explain pathways to climate change mitigation [61,62], the potential of such games
to investigate the spatial dimension of technology siting remains to be explored.

We present a new approach that can be used to form and elicit citizen preferences for spatial
siting of the full electricity mix, especially distinguishing between efficient versus regionally equitable
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siting of new technologies. Using the case of the Swiss electricity sector in 2035, we created a serious
board game that introduces its participants to the key tradeoffs of the spatial siting of new technologies
and enables the formation and elicitation of the participants’ value judgments. We conducted five
participatory workshops with 44 participants in total in the city of Zurich in Switzerland, where we
tested the game and measured the evolution of the citizen preferences before, during, and after the
game to document any changes. This study thus makes two types of new contributions due to its focus
on technology siting: a methodological contribution by using a serious board game to investigate
citizen preferences for spatial siting of the full electricity mix, and a practical contribution in the form
of the value judgments of the Swiss citizens about technology siting.

2. Materials and Methods

2.1. Owerall Process and Measurements

In order to form and elicit citizen preferences for the spatial siting of the full electricity mix in
Switzerland, we adapted and merged two existing methodologies: informed citizen panels for the
formation and elicitation of informed citizen preferences [42,44,45] and a serious board game with
related evaluations before, during, and after the game [58,61,63,64]. The rationale here is that, in order
to allow the citizens to make informed judgments that are close to their actual values, we, first of all,
involve them in an informational process to fill their knowledge gaps, reduce misconceptions, and
expose them to the judgments and perspectives of other citizens. Then, we also allow sufficient time
for the judgments to form by using a workshop and a game instead of a short survey.

The full process of the workshop and the survey measurements are summarized in Figure 1.
The process started with the recruitment survey, where citizens who wanted to participate could
sign up, get information about the workshop, and had to answer questions on age, gender, education,
employment status, self-report knowledge on electricity topics (six items; seven-point Likert scale from
1 = completely disagree to 7 = completely agree), and self-reported interest in electricity topics (six items;
seven-point Likert scale from 1 = completely disagree to 7 = completely agree). Then, they were
asked to report their initial technology preferences for expanding electricity generation technologies,
electricity savings, and efficiency, or import from abroad in Switzerland by 2035 (11 technologies;
seven-point Likert scale from 1 = completely disagree to 7 = completely agree; with a “do not know”
option). The choice of these alternatives was based on the existing techno-economic analyses in
Switzerland [11-13]: hydropower, solar cells, wind, deep geothermal, biogas, waste incineration,
woody biomass, natural gas, and nuclear power. In order to assess the familiarity with the spatial
dimension, the participants had to report what they thought was the distance to the next electricity plant
from their home (nine technologies; three distance options of less than 1 km, 10 km, 50 km, or more;
with a “do not know” option).

Afterward, the participants received a short explanation of the two siting strategies for new
technologies: efficiency (when technologies are sited where they produce most electricity at least cost)
and regional equity (when technologies are sited in a way that all Swiss cantons and municipalities
are equally affected by the costs and benefits). The participants then had to make their choice for the
initial efficiency-equity tradeoff (10 technologies without electricity savings; a slider between efficiency
and equity). The recruitment survey closed with a question on the initial equity judgment for the Energy
Strategy 2050 (six items; seven-point Likert scale from 1 = much unfairer to 7 = much fairer; with a “do
not know” option).

The participants of the recruitment survey were then invited to attend a workshop of 2.5 h with
8-10 participants each. As shown in Figure 1, the workshop started with an explanation of its goals,
content, and the rules of participation for participants’ consent. Since previous research in Switzerland
showed awareness gaps and misconceptions about electricity technologies [44,45,53], the participants
were first introduced to short posters about each of the 11 technologies, including brief descriptions
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of how the technologies function, what their current situations are in Switzerland, as well as photos.
The participants were also shown a short movie about the Swiss Energy Strategy 2050 [65].

Recruitment survey:

o Organizational information, e.g. date and place of
workshops, contact information, previous experience with
workshops

o Survey measurements:

»  Age, gender, education, employment, distance to the
next electricity plant

Self-reported knowledge and interest in electricity topics

Initial technology preferences for 2035

Initial efficiency-equity tradeoff

»  Initial equity judgement for Energy Strateqy 2050

Workshop (2.5 hours):

o Introduction: goals and content of the workshop, consent tc
participate, posters about key electricity technologies in
Switzerland, a short movie on Energy Strategy 2050

o Survey measurements:

Initial preferred electricity mix for 2035 in Riskmeter
»  Strategies for siting new technologies

o Serious board game (Section 2.2)

Group discussion (20 min)

o Survey measurements:

*  Final preferred electricity mix for 2035 in Riskmeter
*  Einal technology preferences for 2035

Final efficiency-equity tradeoff

Final equity judgement for Energy Strategy 2050

Self-reported learning

Quality of the workshop

o

Figure 1. Overall process and the survey measurements (in italic). The underscored text indicates the
measurements that were repeated before and after the game.

Afterward, the participants were introduced to the interactive web-tool Riskmeter [44,59,66],
where they had to create and submit their initial preferred electricity mix for 2035 for Switzerland.
By means of interactive sliders, Riskmeter [66] allows participants to choose a realistic combination of
electricity generation technologies, electricity savings, and efficiency, as well as net import from abroad
in TWh/year until the foreseen Swiss electricity demand of 70 TWh/year in 2035 is met. The choice of
each technology in Riskmeter is constrained by its maximum sustainable potential as well as its current
deployment level that is set to be the minimum. In the case of nuclear power, the minimum is set to
zero because Switzerland plans to phase out nuclear power in the long run [9], but the participants
could choose to keep some of the existing plants in 2035 too. The participants also had to answer
questions on preferred strategies for siting new technologies that again focused on the efficiency-equity
tradeoff (six items; seven-point Likert scale from 1 = completely disagree to 7 = completely agree).

After using the Riskmeter, the participants were split into two groups of 4-5 people and they
participated in a serious board game (Section 2.2) on the spatial siting of renewable generation in
Switzerland and had a reflective group discussion of 20 min afterward. In the end, the participants were
invited to adjust and resubmit their final preferred electricity mix for 2035 using the Riskmeter and again
answered four questions from the recruitment survey on final technology preferences, final efficiency-equity
tradeoff, and final equity judgment for the Energy Strategy 2050. The workshop closed with two evaluation
questions: self-reported learning at the workshop, including the serious game (five items; seven-point
Likert scale from 1 = completely disagree to 7 = completely agree), and overall satisfaction and quality
of the workshop (seven items; seven-point Likert scale from 1 = completely disagree to 7 = completely
agree). The participants received a fixed monetary reward at the end (50 CHF in cash per person).

For the analysis, the descriptives of the survey outputs and the game were investigated, considering
the “do not know” option as a missing value unless otherwise noted in the Results section. The reliability
of the composite measures was assessed using Cronbach’s «. The change before and after the game
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was evaluated using t-tests and McNemar tests. The differences among the various subsamples of the
participants were assessed using ANOVA.

2.2. Serious Board Game

In order to form and elicit citizen preferences for spatial siting of a full mix of electricity technologies,
a serious board game was developed using the case of Switzerland. The game aimed at inducing
three types of learning [58,61]: (1) individual cognitive learning about the possibilities and spatial
tradeoffs in siting new technologies, (2) normative learning where the participants gradually formed
their preferences and articulated them, and (3) relational learning when the participants were exposed
to the normative preferences of the other participants. In addition, the game was designed in a way that
the participants had to make a tradeoff: either to site new technologies following the efficiency strategy
and spatially concentrate them in the most productive locations or to follow the regional equity strategy
and spread new technologies more evenly in space, sacrificing some of their productivity [13,22].

The game was designed using a Swiss map with a coarse grid of 25 boxes (Figure 2). The participants
were given a joint task to site a mix of new generation technologies in these boxes in order to earn
100 game points. With 0.28 TWh/year for one game point, the task was equivalent to finding locations
for 28 TWh/year of new electricity in Switzerland in 2035, which is approximately equal to the gap
between the expected electricity demand of 70 TWh/year and existing domestic generation after the
nuclear phase-out [11-13]. Around the map, piles of transparent foils were arranged to represent eight
generation technologies: hydropower, solar cells, wind, deep geothermal, waste incineration, biogas,
woody biomass, and natural gas plants. The hydropower option mostly referred to small plants, as the
potential for large dams and large run-of-river plants is nearly exhausted in Switzerland [13,46]. The list
of technologies was consistent with the survey measurements (Section 2.2) and the participants could
choose any of these technologies, whereas only nuclear plants were excluded because no new plants
are foreseen in Switzerland. Electricity import and efficiency were excluded from the spatial game
for simplicity as the game was already demanding for participants, but these choices were covered
via the Riskmeter. Each of the 25 transparent foils for hydropower, solar, wind, deep geothermal,
and natural gas could be placed in any of the boxes on the map and, on this foil, the amount of land
that the technology needs was visualized. When placed in a specific box, each foil would provide one,
two, or four game points, broadly corresponding to the spatial technical potential of these technologies
in Switzerland [13] and hence reflecting an exaggerated and simplified spatial patterns of productivity.
In this way, the game participants needed to make the efficiency-equity tradeoff for each type of
technology that they chose. Due to small technical potential in Switzerland, waste incineration (two
points), biogas (four points), and woody biomass plants (four points) had only one foil each and,
if chosen, would be placed next to the map, representing a distribution all over Switzerland.

The process of the game consisted of two steps. In the first step, 100 game points (28 TWh)
needed to be reached by the participants altogether, when they took turns to place foils on the map
with four points per participant per turn. The participants could place one foil in one box or several
foils in multiple boxes as long as the foils added up to four points. Only one foil per technology was
allowed in each box and afterward the technology’s potential was assumed to be exhausted, roughly
corresponding to the actual spatial potential of technologies in Switzerland [13]. Several foils with
different technologies were allowed in the same box. During the workshops, it took from 5 to 6.25
rounds for the participants to reach 100 points.

During the second step of the game, the concept of so-called silent negotiations was adapted
in order to allow the participants to move the foils to come up with a joint map that everyone was
satisfied with [67,68]. After 100 points were reached in the first step, the participants were asked to
study the map and indicate if they agreed with it (thumbs up) or if they would like to change it (thumbs
down). If all participants agreed, the game ended. If at least one participant disagreed, all participants
were given a chance to replace and/or move the foils for up to four points per participant per turn.
The total number of game points always stayed at 100. The participants could also pass their turn if
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they were satisfied with the map. After each round, the players again indicated whether they agreed
with the new result or not. The maximum number of rounds in the second step was limited to five
due to time constraints. Most groups finished the second step after 2-3 rounds. During the entire
game, the participants were asked not to speak with each other [67,68] and they could later engage in a
20-min group discussion (Figure 1). The participants wore a colored bracelet and the game was filmed
from above for data collection.
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Figure 2. Serious board game on siting a full mix of electricity generation technologies in Switzerland.

2.3. Sample of Participants and Evaluation of Workshops

Five workshops were conducted in April 2018 in the city of Zurich in the German-speaking part of
Switzerland. Advertisements for the workshops were distributed in non-commercial online platforms,
websites for recruiting study participants, and grocery stores. The advertisements specified that the
workshops focused on Swiss electricity generation. All 71 respondents of the recruitment survey were
invited to attend one of the workshops, allocating the participants in a way that ensures diversity in
terms of demographics in each workshop. The final number of participants was N = 44 (62% of all
invited participants), or 8 to 10 participants per workshop. As participants received a monetary reward
(50 CHF in cash per person) for their participation, the maximum number of participants was limited.
The sample was not planned to be representative of the Swiss general population. A non-representative
sample was not problematic because the sample was still diverse in terms of demographics as well
as energy interests and knowledge (see the next paragraph), and because we measured learning and
preference formation for each individual before and after the workshops without the aim to generalize
our findings to the whole population. The sample of 44 is sufficient from the methodological point of
view as such a sample is typical for exploratory citizen workshops [42—45,69].

The participants were from 19 to 66 years old (M = 38.6 years, SD = 15.5 years) and thus the
sample was a little younger than the Swiss general population (M = 42.2 years [70]). In particular,
the age group of 20-25 years was overrepresented, and the group of 30—40 years was underrepresented.
With 36% of female participants, the sample underrepresented the Swiss female ratio of 50.4% [70].
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Since 30% of the Swiss population has a high school degree and 18% has a university degree [71],
our sample was on average more educated with 60% of participants with high school degrees and 40%
with university degrees. Of all the participants, 30% were still studying (in high school, professional
school, university of applied sciences, university, or continuing education) and 11% were retired or
seeking employment. Additionally, 68% of the participants lived in urban areas, hence explaining
parts of the deviations from the Swiss general population, mostly in Zurich or the cantons of Aargau,
Bern, Luzern, and Solothurn. The self-reported knowledge of electricity topics ranged from 13 to 40 out of
the maximum score of 42 (M = 27.7, SD = 6.2, Cronbach’s & = 0.79). The self-reported interest in electricity
topics ranged from 14 to 40 out of 42 (M = 29.3, SD = 6.1, Cronbach’s « = 0.84). These outcomes on
interest and knowledge were similar to the other studies in Switzerland [44,45] and, overall, indicated
the diverse starting point of the recruited participants as well as no evidence of self-selection beyond
interest in the monetary reward for participation. In terms of familiarity with the spatial dimension,
the share of “do not know” answers about the distance to the next electricity plant from home was high
for less common technologies in Switzerland (61% for natural gas, 57% for deep geothermal and biogas,
55% for woody biomass, and 35% for wind) and low for more familiar technologies (5% for nuclear,
16% for waste incineration, 18% for hydropower, 20% for solar cells).

At the end of the workshops, the self-reported learning was evaluated at M = 22.3 and SD = 5.7 out of
the maximum of 35. The overall satisfaction with the quality of the workshop was judged at M = 42.7 and
SD = 4.0 out of the maximum of 49. Such relatively high evaluations mean that the participants were
generally satisfied with the process, whereas some of them learned more than others at the workshop,
especially because they started with different levels of knowledge and interest. Overall, these subjective
evaluations already demonstrate that the serious board game and the workshops induced learning
and the formation of preferences. Sections 3.2 and 3.3 provide complementary evidence on learning
and preference formation that was measured indirectly.

3. Results

3.1. Choice and Siting of Electricity Generation Technologies in the Serious Board Game

Figure 3 depicts the final choice and location of electricity generation technologies after both steps
of the serious board game with 44 participants in 10 game groups in five workshops. In order to
earn 100 game points or, in other words, to select and locate technologies to generate an additional
28 TWh/year of electricity in Switzerland, the participants chose a diversified mix of technologies:
solar cells (179 foils were chosen in 10 games out of the maximum of 250, giving a 72% selection rate),
new hydropower (114 foils out of 250; 46% selection rate), wind (87 foils out of 250; 35% selection rate),
deep geothermal (28 foils out of 250; 11% selection rate), biogas (10 foils out of 10; 100% selection rate),
waste incineration (10 foils out of 10; 100% selection rate), woody biomass (8 foils out of 10; 80% selection
rate), and natural gas plants (4 foils out of 250; 2% selection rate). This choice of technologies in the
game, in fact, followed the same broad pattern as the initial as well as final technology preferences for
2035 from the survey (Section 3.2). Solar cells and hydropower were by far the two most preferred
technologies and they were followed by wind power, biogas, waste incineration, woody biomass,
and as the last preferred renewable technology, deep geothermal plants. In the game as well as in the
survey, the participants expressed negative attitudes towards natural gas, for example, choosing only
four out of 250 foils with natural gas in all 10 game groups.

During the second step of silent negotiations, the foils with all types of technologies were added,
removed, or relocated without a clear pattern. Only for solar cells and hydropower, the distribution of
the movements was skewed towards adding more foils to the map rather than removing. The interactive
part of the game, therefore, could have additionally strengthened already strong initial preferences for
solar cells and hydropower.

In terms of the locations of new technologies, Figure 3 demonstrates that participants followed
the efficiency principle for the preferred technologies. Solar cells, hydropower, wind power, and to
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some extent deep geothermal plants were all located much more often in boxes with “x2” and
“x4”, where these technologies were more productive. The most preferred technologies, solar cells
and hydropower, were also repeatedly located in other boxes without the marks of “x2” and “x4”,
illustrating a higher willingness to accept these technologies regardless of their location or efficiency.
For wind power and deep geothermal plants, many boxes remained unused in all game sessions and the
technologies were practically exclusively concentrated in the most productive locations. The outcome
for natural gas showed that participants followed the efficiency strategy only for preferred renewable
technologies, whereas natural gas foils were used very little despite the fact that most boxes on the
map were marked with “x4”.
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Figure 3. Summary of the technology choice and location at the end of all 10 serious board games with
44 participants in total. The color of the boxes represents the number of foils placed by all participants
in each box. The annotations “x2” and “x4” mark the boxes, where one foil would respectively earn
two or four points and hence would indicate boxes with higher efficiency or productivity.

3.2. Changes in Preferences for Technologies and Electricity Mixes

Table 1 provides the initial and final technology preferences for Switzerland for 2035, using a
seven-point Likert scale, as well as initial and final preferred electricity mixes from Riskmeter (Section 2.1).
In terms of single technology preferences, solar cells and hydropower were by far the most preferred
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technologies, together with electricity savings and efficiency that were also part of the surveys.
Wind power, biogas, and waste incineration were also ranked high, whereas electricity import from
abroad, natural gas plants, and nuclear power were on average rated below the mid-point of four on
the seven-point scale. In terms of preferred electricity mixes, the average preferred mix was diversified
and had a high share of renewable technologies. Since preferences in Riskmeter were constrained by
technical potentials of the technologies in Switzerland (Section 2.1), participants particularly included
new solar cells, wind power, biogas, woody biomass, deep geothermal plants, as well as electricity
savings and efficiency (Figure 4). Although participants expressed a high preference for hydropower
in other measurements, hydropower was not extended much more in Riskmeter, potentially because
participants wanted to diversify their mixes, and hydropower already covered a large portion of
the mix. The participants chose to include more than a third of the remaining technical potential of
deep geothermal plants, woody biomass, biogas, and wind power, but these technologies played a
comparatively minor role in the final mix (right panel in Figure 4) and hence preferred electricity mixes
were still consistent with technology preferences for these technologies. Nuclear power, natural gas
plants, and especially electricity import from abroad were all consistently either excluded from the mix
or included to a very limited extent. In the case of nuclear power, these results potentially indicate that,
even if the serious game had allowed building or keeping nuclear plants, few participants would have
used this option. The large standard deviations in the case of nuclear power and natural gas to some
extent show the variability of opinions, but this variability is disproportionally amplified because these
two technologies had the largest degree of freedom in Riskmeter as they could reach from zero to over
25 TWh/year, whereas other technologies were more constrained by their minimum and maximum
potentials. All the findings on technology preferences and preferred electricity mixes are in line with other
similar surveys in Switzerland [44,45] and with the serious board game (Section 3.1).

Table 1. Initial and final technology preferences and preferred electricity mixes (means + standard
deviations) for Switzerland for 2035.

Technologies Technology Preference Preferred Electricity Mix
(1 = Completely Disagree, 7 = Completely Agree) (TWh/Year in Riskmeter 1)
Initial Final Initial Final

Hydropower (all) 6.14 +1.19 6.41 +0.98 - -
Large hydropower dams - - 20.27 +0.99 20.37 £1.01
Large run-of-river hydropower - - 18.55 + 1.00 18.65 + 1.01
Small hydropower - - 4.38 £0.79 4.57 +£0.80 *
Solar cells 6.36 + 1.16 6.39 +1.30 13.49 £ 4.11 13.72 £ 4.11
Wind 5.82 +1.30 5.66 + 1.48 216 +£1.24 239 +1.15*%
Deep geothermal 4.93 +1.88 420 +£2.22 1.26 +1.47 1.49 + 1.46
Biogas 517 + 143 5.50 + 1.46 0.85 + 0.44 0.90 + 0.45
Waste incineration 4.88 +1.78 5.27 + 1.66 2.56 + 0.51 2.65 +0.51
Woody biomass 4.50 + 1.67 470 £1.75 0.49 +0.32 0.54 +0.34
Natural gas 370+ 1.73 2.61 £1.69 *** 3.09 +5.19 2.50 £4.55
Nuclear 2.02+1.61 1.82 +£1.56 216 +5.71 1.63 + 4.69
Electricity savings and efficiency 5.95+ 1.53 5.77 £ 1.67 298 +231 3.17 £247
Import from abroad 3.18 £ 1.62 2.61+153* 0.74 £2.31 042 +£1.45

*p < 0.05 and *** p < 0.001 between two measurements of the same variable before and after the board game;
1 Riskmeter submissions (Section 2.1) in TWh/year are constrained by the minimum and maximum potentials of
each technology in Switzerland in 2035 (Figure 4).
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Figure 4. Average final preferred electricity mix for Switzerland for 2035 in Riskmeter [66] (Section 2.1).
The white markers on the left panel show the means (N = 44) and Table 1 provides the standard
deviations. The black dashed lines show the lower bound for each technology, corresponding to already
installed generation in Switzerland that will last until 2035.

Table 1 also shows the changes in technology preferences as well as preferred electricity mixes from
Riskmeter (Section 2.1) before and after the serious board game, indicating the effects of learning
and preference formation. Both measurements show that after the serious board game the already
low preferences for natural gas and electricity import from abroad dropped even further. In the
case of technology preferences, this drop was statistically significant for both natural gas (M = 3.70 vs.
M =261,t=23.78,p =0.000) and import (M =3.18 vs. M =2.61, t = 0.57, p = 0.011). In the Riskmeter
measurements, the means for all renewable technologies were also higher after the serious board game
and there were two other statistically significant changes: a small increase in preference for small
hydropower (M = 4.38 TWh/year vs. M = 4.7 TWh/year, t = —2.58, p = 0.014) and wind power (M = 13.49
TWh/year vs. M = 13.72 TWh/year, t = —=2.18, p = 0.034). The serious game, therefore, seems to have
strengthened preferences for renewable technologies, potentially because the participants could better
grasp the spatial implications when forming their preferences and because they realized that the
potential of renewable technologies is higher than initially expected.

3.3. Efficiency-Equity Tradeoff and Equity Judgment for Energy Strategy 2050

As shown in Table 2, the initial and final efficiency-equity tradeoffs from the surveys revealed a
clear tendency of the participants to prioritize the efficiency strategy, where new technologies would
be located in the most productive areas to generate the most electricity at the least cost rather than
spreading these technologies in a regionally equitable manner. The preferences for efficiency were
especially pronounced for hydropower and wind power. Women participants had a statistically higher
preference for equity than men for hydropower (F (1,42) = 9.09, p = 0.004) and for wind (F (1,42) = 8.78,
p = 0.005). For other renewable technologies, such as waste incineration, biogas, woody biomass,
or solar cells, there was a slightly lower focus on efficiency, but they were still below the mid-point of
four that would indicate a shift towards regional equity over efficiency. After the serious board game,
the preference for efficiency became even more pronounced and statistically significantly stronger for
hydropower (M = 2.30 vs. M = 1.50, t = 3.25, p = 0.002) and deep geothermal plants (M = 3.07 vs.
M =221, t=2.64,p=0.012). Likely, this was a learning effect from the serious game, where participants
learned about the concentrated nature of these technologies in Switzerland (Figure 3) and hence
eventually put more emphasis on efficiency. The preference for the efficiency strategy was already high
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for wind power to start with. All these findings from Table 2 are consistent with the final outcomes of
the serious game (Section 3.1), where the participants prioritized the efficiency principle too.

Table 2. Survey results on the initial and final efficiency-equity tradeoff (means + standard deviations).

Efficiency-Equity Tradeoff
(1 = Only Efficiency, 7 = Only Equity)

Initial Final

Hydropower 230+1.39 1.50 + 1.07 **
Solar cells 3.32+219 2.77 +£2.09
Wind 2.27 +1.45 2.14 +1.55

Deep geothermal 3.07+£1.82 221 +1.54*
Biogas 3.57 +1.74 323+1.79
Waste incineration 3.84 +1.84 3.52+216
Woody biomass 320+1.73 339+1.73
Natural gas 3.18 £1.40 335+221

*p <0.05 and ** p < 0.01 between two measurements of the same variable before and after the board game.

The preferences for efficiency-equity tradeoff were also elicited using a complementary question
on preferred strategies for siting new technologies (Table 3). The findings again revealed a preference for
the efficiency strategy: the three statements that focused on regional equity were consistently rated
below the mid-point of four (“neither agree, nor disagree”), whether they were framed in terms of
constructing new plants, producing own electricity, or baring the impacts. The efficiency strategies that
prioritize the most productive areas first or build the lowest possible amount of plants were rated above
the mid-point of four. The most extreme version of the efficiency strategy that aims to concentrate
most of the new plants in few areas, however, was judged below the mid-point, indicating skepticism
about the radical focus on efficiency.

Table 3. Strategies for siting new technologies in terms of efficiency-equity tradeoff (means + standard

deviations).
Strategies for Siting New Technologies
(7 = Completely Agree, 1 = Completely Disagree)
Every municipality should supply its demand with its own plants Equity 3.21+1.61
Municipalities that already have many plants should not build new ones Equity 3.74 + 1.54
New plants should be built in a way that all municipalities are equally affected Equity 3.81+1.53
New plants should be built where they produce the most electricity Efficiency 6.30 + 0.80
The lowest possible number of new plants should be built Efficiency 414 +1.77
Fewer municipalities should build many plants so that other municipalities stay unaffected Efficiency 3.00 £ 1.70

Note: ‘Equity’ and ‘Efficiency’ denote whether the strategy rather follows the equity or efficiency principles.

Table 4 presents the equity judgments for the Energy Strategy 2050, where the mean judgments were
mostly situated around the mid-point of four (“neither fairer, nor unfairer”), both before and after
the workshop. The Swiss Energy Strategy 2050 that focuses on renewable energy, energy efficiency,
and nuclear phase-out was, on average, perceived to be rather fairer than the current situation in
terms of impact on current vs. future generations, cities vs. rural areas, large Swiss regions, and small
vs. large companies. It was, on average, perceived to be slightly unfairer for low vs. high-income
households and for various economic sectors. The spatial siting of technologies, reflected in the
questions on cities vs. rural areas and on large Swiss regions, was perceived rather neutral in terms of
fairness and this has not changed after the serious board game.
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Table 4. Initial and final equity judgments for the Energy Strategy 2050 (means + standard deviations).

Equity Judgment for the Energy Strategy 2050
(1 = Much Unfairer, 7 = Much Fairer)

Initial Final
Impact on cities vs. rural areas 415 +1.49 418 +1.08
Impact on large Swiss regions 4.08 +1.33 4.26 +0.83
Impact on low- vs. high-income households 3.21 + 1.65 3.45+1.18
Impact on service, industrial vs. agricultural sectors 3.73 +1.55 3.88 +1.26
Impact on small vs. large companies 3.52 +1.67 4.02+1.29
Impact on current vs. future generations 493 +1.95 5.57 +1.52*

* p < 0.05 between two measurements of the same variable before and after the board game.

When comparing equity judgments for the Enerqy Strategy 2050 before and after the workshop,
the only statistically significant change was the increase in the perceived equity in terms of impact on
current vs. future generations (M =4.93 vs. M =5.57, t = —2.06, p = 0.046). Although it is difficult
to precisely attribute this change to specific learning during the workshop, it could have originated
from the fact that the participants learned about the objectives of the Energy Strategy 2050 in the
short movie [65] and about the potential of renewable technologies in the serious board game and
the Riskmeter. For example, the participants that overall perceived the Energy Strategy 2050 to be
rather fair (i.e., the participants with the sum of their judgments from Table 3 of 23 or higher, out of the
maximum of 42) were also statistically significantly more in favor of solar cells (t = 4.19, p = 0.047),
wind power (t = 4.43, p = 0.041), electricity savings and efficiency (t = 7.21, p = 0.010), and biogas
(t = 6.31, p = 0.016) as compared to the rest of the sample. The effect of learning about renewable
technologies from the game could have therefore further strengthened the fairness perception of the
Energy Strategy 2050.

4. Discussion

In terms of the methodological contributions of this study, the serious board game proved to lead
to measurable learning effects and preference formation by the 44 participants, and it enabled the
elicitation of preferences. Choosing a full mix of electricity technologies alone is already a complex
and cognitively demanding task [42—-45] and here we added another dimension of siting all these
technologies. Nonetheless, the elicited preferences for technologies and their siting were logically
consistent with the measurements from more conventional surveys (Tables 2 and 3) as well as with
findings observed in other studies in Switzerland [44,45,69,72]. We, therefore, conclude that the game
enabled the elicitation of valid preferences. Even more, the game also successfully led to learning
effects, which were measured either directly as self-reported learning (Section 2.3) or indirectly as
changes in the preferences after the game (Tables 1, 2 and 4). The learning, however, was not as
high as in other studies that applied similar measurements [44,45,59]. However, the other studies
involved at least twice as much time as well as required reading technical factsheets, hence potentially
explaining higher self-reported learning. As observed by others [37,44,73], this could also be a downside
of gamified methods that include less new content and are not perceived to be as informative as,
for example, factsheets.

In terms of the practical contributions based on the technology choice of the participants, the results
showed that our 44 participants preferred a diverse mix of renewable technologies and electricity
savings and efficiency in Switzerland in 2035 rather than nuclear power, natural gas, and electricity
import from abroad. Especially solar cells and hydropower had high preferences. These findings
were consistent with multiple other survey measurements with small or large samples in Switzerland,
indicating the robustness of these findings [44-46,69,72]. After the serious game, strengthening
preferences were observed for renewable technologies when the participants learned about the spatial
dimension of these technologies in Switzerland, whereas the preference for natural gas dropped even
further. These effects of learning and preference formation, however, were slightly lower than in
other studies with informed citizen panels in Switzerland [44,45]. As said, the other studies engaged
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with more extensive information, where the participants spent hours reading factsheets or discussing
energy topics. It is also worth noting that after more than five years of public discussion and a public
referendum in Switzerland on the Energy Strategy 2050, Swiss citizens already have well-formed
opinions about the energy transition. It is therefore not surprising that the preferences for technologies
were relatively stable (Table 1).

In terms of the value judgments of our 44 participants on technology siting, we found strong
evidence that the participants preferred the efficiency strategy over the strategy of regional equity.
They wanted new plants to be located where they produce the most electricity at the least cost
rather than to be evenly spread throughout the country. This preference observed in the game
(Figure 3) was consistent with the other survey measurements (Tables 2 and 3). The preference for
efficiency strengthened even more after the game, in particular for hydropower and deep geothermal
plants, whose spatially concentrated nature of the resource was visible in the game (Figure 3 and
Table 2). However, this preference for efficiency only applied for individual technologies rather than
across technologies because natural gas plants—even if they were depicted in the game as efficient
(Figure 3)—were not chosen by the participants. These results on the preference for efficiency could
have been to some extent induced by the game though, when the participants chose moves to earn
most game points. Although this observation was also made by others that used serious games [37],
the consistency of the preference for efficiency with the survey measures and the limited choice of
efficient natural gas plants still indicate the validity of the elicited preferences for siting.

The current Swiss policy, the Energy Strategy 2050, that focuses on increasing renewable energy;,
energy efficiency, and phasing out nuclear power was perceived by our 44 participants to neither
improve nor diminish inter-regional fairness in Switzerland (Table 4). This demonstrates the limited
importance of the spatial dimension in the fairness question from the view of our participants [13].
Other dimensions of fairness, especially intra-generational fairness and impacts on low- vs. high-income
households, were perceived to respectively increase or decrease the fairness more. As such, this finding
additionally explains the focus of the participants on the efficiency strategy rather than regional equity
because the spatial dimension was not viewed to influence fairness much.

This study and the serious board game carry several limitations that could be addressed in future
research. First, the game and the posters in the workshop presented short and highly simplified
information on the technology choice and siting. Future work could, therefore, use a more extensive
informational process that also includes reading technical factsheets [44,45] or the game could use
information from spatial electricity sector modeling to introduce the participants to realistic rather
than simplified siting choices [13,14,19,29,33]. Here, in particular, interactive web-tools, like Riskmeter,
could prove advantageous over a board game to make the information from the modeling available.
Second, the scope of the game could be extended to cover the tradeoffs in the whole energy system
rather than electricity generation alone by including grids [33,55] or heating technologies [74]. Third,
our study so far included only 44 participants due to the limits on available monetary compensation,
and since these workshops require extensive organizational efforts and are more demanding than
large representative surveys. This sample size is typical in citizen workshops of such an exploratory
nature and it was sufficient to test the game, to observe the effects of learning and preference formation,
and to identify results that are robust and in line with previous research in Switzerland [44-46,69,72].
In the future, the sample could be extended to cover a more representative number of participants by
means of gamified online surveys or involve other groups, such as school pupils. Such work could
be also conducted in other countries and, especially in the case of developing regions with higher
equity concerns [26,27], the final outcomes of the game could be very different. After all, the game only
focused on the general citizen preferences for electricity technologies and their siting, whereas future
work could explore interlinkages with local acceptance [49,50], the spatial dimensions of community
or market acceptance [75], as well as acceptance of related policy instruments [76].
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5. Conclusions

Using the case of the Swiss electricity sector in 2035, we presented a serious board game to form
and elicit citizen preferences for spatial siting of the full mix of electricity technologies and we tested
this game with 44 participants in the city of Zurich. In terms of the methodological contribution,
the game proved to lead to learning effects for this complex and multi-dimensional topic, when the
participants self-reported learning and when we also measured changes in preferences for technologies
and siting strategies after the game. The elicited preferences were logically consistent with findings from
more conventional methods, indicating the validity of such a serious game for preference formation
and elicitation.

In terms of the practical contribution towards policymaking, the results showed that these
44 participants—similar to previous research findings in Switzerland—preferred a diverse mix of
renewable technologies in Switzerland with minimum or no contribution of nuclear power, natural gas,
and electricity import from abroad. Solar cells and hydropower stood out in particular for their high
preference. For siting new technologies, our methodology enabled us to show that the participants
consistently preferred the efficiency strategy, where plants would be located in the areas where they
produce the most electricity at least cost, in contrast to the strategy of regional equity, where all
Swiss regions would build for renewable generation and share the benefits and burdens of the energy
transition equally. The serious board game further strengthened this preference for the efficiency
strategy. After all, the current Energy Strategy 2050 was perceived to neither increase nor decrease
inter-regional fairness in Switzerland, hence also explaining the participants” preference for efficiency
rather than regional equity. This new information could inform the implementation of the Energy
Strategy 2050, in particular, by bringing in the spatial and equity dimensions.
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