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Abstract: For a successful transition to low-carbon electricity supply, public support is essential.
Citizen preferences are best understood in the process of informed citizen panels, where citizens are
informed about the pros and cons of various electricity technologies and spend time reflecting on the
trade-offs. We investigated how information about electricity technologies and their sustainability
impacts can change citizens’ preferences and affect for the complete Swiss electricity mix 2035.
The citizens received information as factsheets and, during workshops, discussed in groups and built
their preferred electricity mix using an interactive tool. The informed citizen panel (N = 33) in the
Swiss city of Geneva showed high support for domestic renewable technologies and end-use efficiency,
as well as low support for net electricity import, natural gas, and nuclear power. Preferences and
affect for unfamiliar technologies changed after receiving information and remained stable even in the
longer term four weeks after. Preferences and affect for already familiar technologies, like hydropower,
barely changed. The same procedure in the two Swiss cities of Geneva and Zurich (N = 46) enabled
the identification of robust support for renewable technologies and efficiency with only minor
context-specific differences.

Keywords: informed citizen panel; public preferences; affect; citizen engagement; electricity mix;
sustainability impacts

1. Introduction

The mitigation of climate change through the promotion of low-carbon energy technologies is an
issue on many political agendas after the Paris Agreement. The worldwide climate strikes since the
fall of 2018 and the increasing public support for renewable energy emphasize the importance of an
energy transition [1]. Given additional concerns about nuclear safety in the case of Switzerland, a new
Swiss Energy Strategy 2050 has been adopted after the public referendum in 2017, with the three aims
of phasing out of nuclear power and increasing the uptake of renewable energy and end-use efficiency
measures [2]. Implementation of the Energy Strategy 2050 should be in line with the perspectives of
citizens [3,4], whereas the Swiss option for public-initiated referenda is an additional powerful tool to
influence the political progress [5,6].
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Citizen preferences are best understood in the process of informed citizen panels, where citizens
are informed about the sustainability pros and cons of various electricity technologies and spend time
reflecting on the trade-offs [7–9]. In this way, the misconceptions and knowledge gaps can be reduced,
leading to more robust preferences that are better aligned with the actual value judgements of the
citizens and constitute better benchmarks for decision making than uninformed preferences [9–11].
Yet, the existing literature on informed citizen preferences has several gaps. First, more applications of
such panels are needed for a comparative approach [8], so that the generalizable and context-specific
findings could be disentangled. Second, investigation of the effectiveness of various informational
tools for building informed and stable preferences over time is still at its early stage [9,12,13]. Third,
simultaneous investigation of preferences and affect could further enhance the understanding of the
formation of informed preferences, especially in the longer-term [14–16].

This article investigates the evolution of the preferences and affect of informed citizen panels for
the Swiss electricity mix 2035. In particular, this study addresses three research questions: (1) What are
the short-term and longer-term preferences and affect of an informed citizen panel in the Swiss city of
Geneva for electricity generation technologies and the complete generation mix in Switzerland in 2035,
given comprehensive information about the sustainability impacts of these technologies? (2) What
are the impacts of informational factsheets, an interactive tool, and group discussions on preferences
and affect in the short and longer term? (3) Using the exact same procedure in the two Swiss cities
of Geneva and Zurich, which similarities and differences can be observed between informed citizen
panels? This article presents the detailed results of an informed citizen panel (N = 33) in the city
of Geneva and compares these results with the findings in the city of Zurich (N = 46), reported by
Volken et al. [9]. Comparative analysis is particularly relevant in this case because, when voting on
national issues, the populations of the German-speaking and French-speaking regions, where Zurich
and Geneva are located, respectively, often express different opinions [17].

2. Literature Review

Numerous previous studies focused on the public acceptance of individual electricity generation
technologies, such as nuclear power [18–20], wind [21–23], or solar energy [24]. Other studies
considered several electricity technologies simultaneously [25–30]. However, the interconnectedness
in the energy systems implies that multiple technologies need to be combined into mixes or portfolios.
Some authors investigated citizen preferences for full mixes, including realistic resource or technical
limitations [7–9,31–34]. While multiple studies found high citizen support for low-carbon alternatives,
very few studies focused on low- and zero-carbon mixes [9,35]. The formation of citizen preferences
for full technology mixes relies on balancing the pros and cons of multiple technologies, and previous
research showed that citizens can make informed trade-offs when presented with the information and
decision support [7,9,20,33,34,36]. The types of sustainability impacts investigated typically include
climate change, water and air pollution, costs, reliability, land use, and accident risks.

Affect refers to the specific quality of something experienced as being “good” or “bad” and it
can be experienced as a feeling state or as the positive or negative quality of a stimulus [37]. Affect is
distinguished from emotion, which refers to specific states such as anger or happiness [37]. While it
has been shown that affect plays a role in preference formation of energy technologies [38], few studies
with diverging conclusions were dedicated to this topic. While Jobin and Siegrist [14] argued that
affect has a stronger influence on citizens’ perception than concerns or beliefs, Visschers et al. [39]
concluded that cognitive factors like social norms or beliefs are more important. Most studies focused
on individual technologies [15,40] and little research was done on electricity mixes [14]. Research on
the link between information, affect, and social acceptance is rather new, but crucial in the energy
field. Jobin et al. [38] observed an influence of information on citizens’ affect. Bruine de Bruin and
Wong-Parodi [41] called for educational communication before citizens form strong feelings about a
topic. Volken et al. [9] studied the longer-term evolution of preferences for full electricity mix, but not
of affect. Further research is needed to understand how affect and preferences for electricity mixes
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co-evolve over time, including affective evaluations (i.e., evaluations based on feelings) and image
associations in the longer term after learning additional facts.

Different approaches have been used to elicit citizen preferences. Traditional surveys [3,16,23,26,28,32,42]
were criticized for highlighting pseudo opinions rather than informed opinions [9,11,43]. Given the
complexity of electricity generation and its sustainability impacts, people may lack knowledge on the
topic, which leads them to express an opinion that is biased by misconceptions and does not truly reflect
personal values. In order to measure informed preferences, some authors incorporated informational
materials in their studies to engage people in a learning process before expressing preferences. Various
types of materials were used, like factsheets about technologies and/or mixes [9,33,44] and interactive
tools designed to create a personal electricity mix [7,9,31,32]. Group discussions were shown to
be effective learning tools as well [7,9,33,44–46]. Volken et al. [9] proposed a process of creating an
informed citizen panel, using a combination of tools (factsheets, interactive tool, and group discussions),
and then to elicit informed preferences. Yet, few of these studies focused on preferences and affect
together, as well as on comparative analysis of the informed citizen preferences from several regions.

3. Materials and Methods

3.1. Overall Procedure and Measurements

The procedure (Figure 1) that was used to create an informed citizen panel in the city of Geneva,
elicit the evolution of preferences and affect for electricity technologies, and evaluate the informational
material was based on the work of Volken et al. [9]. The process and materials were mostly identical in
both studies and built on previous theoretical and conceptual work on citizen engagement [7,8,33],
decision sciences [11], and risk communication, including the mental models approach [43] and the
construction and stability of preferences [47]. There are two main differences between the earlier Volken
et al. [9] and our study. First, we additionally studied the participants’ affect for electricity technologies
and their sustainability impacts by integrating additional questions in the surveys, adapting existing
affect concepts [15,48]. In this way, our study contributed to the informed citizen panel literature by
introducing the aspect of affect in the process. Second, our study was conducted in French (instead of
German) in a different Swiss city, allowing for a comparative approach.
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Figure 1. Procedure used to create an informed citizen panel in the city of Geneva with the measurements
in all surveys.
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The participants were recruited in March 2019 through advertisements displayed in various
websites and public places. Interested citizens were asked to register online by completing survey
#0, which included demographic questions and one question on preferences for individual electricity
technologies (technology preferences, defined as agreement to further develop 13 electricity technologies
to cover the Swiss electricity demand in 2035, using a seven-point Likert scale). A smaller sample of
citizens was selected and invited to the workshops in order to have a diversified sample in terms of initial
technology preferences, age, gender, education, and employment field. Selected citizens were asked to
complete online survey #1, which included questions on interest in electricity generation in general and
in the last four weeks (self-rated interest, measured by six items on a seven-point Likert scale, e.g., if
participants read an article or discussed electricity supply), self-rated knowledge on electricity topics
(measured by six items on a seven-point Likert scale), objective energy knowledge (20 true-or-false
questions about electricity supply and its sustainability impacts), willingness-to-act (defined as the
adoption of pro-environmental behaviours and measured by seven items on a seven-point Likert scale),
and questions on affective evaluation.

By affective evaluation, we refer to citizens’ evaluations of technologies and their sustainability
impacts, based on feelings. Two affect-related methods were used in survey #1. First, open questions,
using affective imagery analysis [37], asked for up to three first thoughts or images that came to the
respondents’ mind when thinking about a specific technology (image associations with technologies).
Second, each thought was then evaluated on a bipolar affect seven-point Likert scale, ranging from
“very negative” to “very positive” (affective evaluation of image associations; see Table S1 in the
Supplementary Materials (SM)). As not all participants listed three thoughts, we merged the different
evaluations related to the image associations to one general evaluation by using the mean of these
evaluations. Affective evaluation of impacts was measured using the Self-Assessment Manikin (SAM)
scale. Respondents were asked to indicate their experienced arousal measured by the SAM scale,
which consisted of a nine-point scale [48,49] (see Table S2 in the SM).

Then, these citizens received printed informational factsheets on electricity technologies
(Section 3.2) and a request to read them and take part in a workshop three weeks later. On average,
citizens reported spending slightly more than one hour reading the factsheets (M = 77 ± 28 min).
Four workshops of 2.5 h were organized, each involving nine citizens. All workshops followed the
same script, adapted from Volken et al. [9]. First, citizens were randomly assigned to two discussion
tables. After an introduction, they completed survey #2 to check if they were familiar with and
understood the information in the factsheets (factsheets knowledge test). This was followed by a
25-min group discussion about the factsheets and electricity generation technologies, led by a facilitator.
The citizens were then asked to complete survey #3, which repeated the questions from survey #1
on technology preferences and impact importance. After that, the citizens were introduced to the
interactive tool Riskmeter (Section 3.2) and were asked to create their preferred electricity generation
mix for Switzerland in 2035 (mix preferences, defined as the contribution of each technology in
TWh/year to the preferred Swiss electricity mix 2035 in Riskmeter). Next, the citizens completed
survey #4 with questions on their personal preferred mix (Riskmeter usability test, based on seven
true-or-false questions about which technologies were included in the mix in Riskmeter). The mixes of
all participants were then shown on a screen and discussed in groups for 25 min. After this, people had
the opportunity to revise their individual mix that they submitted (mix preferences). Finally, citizens
were asked to complete survey #5, which repeated the questions from survey #1 regarding image
associations with technologies, affective evaluation of image associations and affective evaluation
of impacts, and from survey #6, including evaluation questions on the factsheets, Riskmeter, group
discussions, and the overall workshop (evaluation of tools, measured by 11 items on a seven-point
Likert scale, e.g., usefulness, difficulty).

The participants had to return their printed factsheets at the end of the workshop. Four weeks
later, they received an email inviting them to complete online survey #7, which repeated all questions
from survey #1 and questions on the “evaluation of tools” from survey #6. The participants received a
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monetary compensation for taking part in survey #1 and the workshop. They received an additional
compensation when they completed survey #7.

3.2. Informational Factsheets and Riskmeter

We used two types of materials from Volken et al. [9]. First, informational factsheets contained
descriptions of 13 electricity generation technologies in Switzerland, their actual and prospective
situation, resource potential, and sustainability impacts on environment, health, economy, and
electricity supply reliability [50]. The factsheets also included a glossary explaining technical terms and
a table summarizing the severity of the sustainability impacts for each technology using a five-colour
scale (see Figure S1 in the SM). Technologies presented were the key possible alternatives for the Swiss
electricity mix 2035, namely large hydro dams, large run-of-river hydropower, small hydropower,
wind power, woody biomass, solar cells, biogas, deep geothermal, waste incineration, large natural
gas power plants, nuclear power, net electricity import, electricity savings, and end-use efficiency
improvements. The factsheets from [50] were only modified by adding one additional sentence on
deep geothermal energy to ensure that people did not mix up deep geothermal plants for electricity
generation with shallow- and medium-depth geothermal systems for space heating that are currently
planned in Geneva. Sustainability impacts of each technology on climate change (CO2equiv), local
air pollution (PM10equiv, SOx, and NOx), water resources and quality, landscape and land use (m2),
biodiversity, waste management and raw material needs, electricity costs (cents per kWh), supply
reliability, and accidents and risks were described qualitatively and quantitatively. Before preparing
these factsheets, interviews were conducted to assess the technology knowledge of the Swiss citizens
and target any knowledge gaps and misconceptions in the factsheets [51].

Second, an interactive tool Riskmeter [52] allowed the citizens to build a realistic electricity mix for
2035 in Switzerland under technology and energy resource constraints in a way that is consistent with
Swiss electricity supply modelling studies [53,54]. The initial setup in Riskmeter showed the current
electricity mix in Switzerland, that requires adding new technologies from the factsheets to meet the
demand of 70 TWh/year in 2035. With the exception of nuclear, which is foreseen to be phased out in
the long run [2], citizens could not exclude the plants existing today. While varying the contribution of
technologies in TWh/year, the citizens could also see the share of each technology in the whole mix as
well as the electricity import and export outcomes.

3.3. Participants of Informed Citizen Panels in Geneva and Zurich

During the informed citizen panels in the city of Geneva, 133 citizens registered in survey #0
and a diverse sample of 48 citizens was invited to fill survey #1 and participate in the workshops.
From 36 citizens that showed up in the workshops, three were excluded from the sample because
two of them did not complete the last survey and one person did not pass the knowledge test on the
factsheets, meaning that they did not study them well enough (Section 3.2). In the final sample of 33,
all participants were from the French-speaking part of Switzerland: 67% lived in the canton of Geneva
and 70% lived in a medium or large city (over 30,000 or 100,000 inhabitants respectively). Most of the
participants (88%) were born or lived in Switzerland for over 10 years. Only 45% of the participants
were female, which is lower than the Swiss gender ratio of 50.4% [55]. The participants were between
19 and 60 years old (M = 32.3 ± 12.9 years); our sample was thus on average younger than the general
Swiss population (M = 42.2 years) [55]. A total of 75% of the participants graduated from high school
and 45% obtained a university degree, indicating that our sample was better educated than the general
Swiss population, with 29.8% of citizens that graduated from high school and 18.2% that had a degree
from university [56]. The participants were not selected in order to achieve a representative sample,
but rather obtain as diverse a sample as possible in terms of demographics and technology preferences.

In the case of informed citizen panels in Zurich in May–August 2017 by Volken et al. [9], 46 citizens
took part. They all came from the German-speaking part of Switzerland and 48% lived in a medium or
large city. They were all born or lived in Switzerland for more than 10 years. Their age varied between
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18 and 77 years old (M = 42.1 ± 16.6 years) and 50% of the participants were female. A total of 66.7%
had graduated from high school and 40% had obtained a university degree. In comparison with the
sample in Zurich, our sample in Geneva was younger on average, included fewer women, and had
more citizens from urban areas, whereas the education level of the citizens was comparable.

4. Results

4.1. Preferences and Image Associations for Individual Electricity Technologies in Geneva

Technology preferences of the involved citizens were elicited at the beginning of the study
(survey #1), after having read the factsheets and discussed them (survey #3), and in the longer-term
(i.e., four weeks after the workshop, survey #7). Average preference ratings are shown in Figure 2.
Electricity savings and efficiency were rated the highest (M = 6.6 ± 1.8) at the beginning of the study
and similarly high after reading the factsheets. Initial (survey #1) and informed (survey #3) preferences
also showed high levels of support for hydropower (M = 5.7 ± 1.6 for large run-of-river; M = 5.3 ± 1.7
for large dams; M = 5.3 ± 2.4 for small hydropower), solar cells (M = 5.7 ± 1.3), and wind power
(M = 5.5 ± 1.8), and no significant changes were observed between survey #1 and survey #3. Preference
rating for waste incineration increased significantly between survey #1 and survey #3 (M = 4.6 ± 2.0
versus M = 5.6 ± 1.6, t = −2.569, p = 0.012). Biogas was initially rated positively, but preference ratings
decreased after receiving information (M = 5.5 ± 2.3 versus M = 4.6 ± 1.7, t = 2.178, p = 0.033). The same
trend was observed for woody biomass (M = 5.1 ± 2.2 versus M = 3.8 ± 2.0, t = 3.006, p = 0.004) and deep
geothermal (M = 5.5 ± 2.4 versus M = 3.6 ± 2.2, t = 3.808, p < 0.001), for which the preferences dropped
under the midline of “neither agree or disagree”. Initial support for large natural gas power plants was
below the midline and decreased even more in survey #3 (M = 2.9 ± 1.6 versus M = 1.8 ± 1.0, t = 3.734,
p < 0.001). Nuclear and net import were rated the lowest in survey #1 (M = 2.5 ± 1.7; M = 2.9 ± 1.5,
respectively) and remained as low after reading and discussing the factsheets.

In the longer-term (survey #7), technology preference ratings remained comparatively high
for electricity savings and efficiency, hydropower, solar cells, and wind power, with no statistically
significant changes between survey #1 and survey #7, and between survey #3 and survey #7. The same
was observed for nuclear power and net electricity import, which remained the lowest rated. Preferences
in the longer-term for deep geothermal, large natural gas, and biogas did not show significant differences
from the informed preferences and remained much lower than the initial, uninformed preferences.
In informed preferences, deep geothermal dropped below the midline of “neither agree nor disagree”
(M = 5.5 ± 2.4 versus M = 2.8 ± 2.1, t = 3.375, p = 0.001 between survey #1 and survey #7). Support for
waste incineration remained the same four weeks after the workshop, still being rated higher than the
initial level (M = 4.6 ± 2.0 versus M = 6.0 ± 1.1, t = −3.923, p < 0.001 between survey #1 and survey #7).
Preference for woody biomass, which dropped after having read the factsheets, increased to close to its
initial level in survey #7 (M = 3.8 ± 2.0 versus M = 4.7 ± 1.8, t = −2.051, p = 0.044 between survey #3
and survey #7).

Figure 3 shows the average combined ratings of image associations with technologies and affective
evaluation of image associations to evaluate the first affective response to specific technologies. Looking
at affective evaluation of image associations, hydropower and electricity savings were rated the highest
at the beginning of the study (M = 6.3 ± 2.8 and M = 5.6 ± 2.8 respectively) and remained similarly
high in survey #5 and survey #7. Images associated with solar cells, biogas, wind power, and waste
incineration were evaluated positively over the whole study and never dropped under the “neither
positive nor negative” line. These changes were not significant, except for a positive change for waste
incineration (M = 4.1 ± 2.7 versus M = 5.3 ± 1.7, t = −2.275, p = 0.027 between survey #1 and survey #7).
Affective evaluations of deep geothermal and large natural gas became more negative between survey
#1 and survey #7: the evaluations dropped under the midline for deep geothermal (M = 4.9 ± 2.6
versus M = 3.9 ± 1.8, t = 2.052, p = 0.045) and became the lowest for natural gas (M = 2.5 ± 1.7 versus
M = 1.8 ± 1.0, t = 2.259, p = 0.028). Affective evaluations of images associated with woody biomass
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dropped under the midline between the beginning of the study and the workshop and increased back
between survey #5 and survey #7 (not significant). Regarding nuclear power, affective evaluation
of images was below the “neither positive nor negative” line at all moments of the study (between
M = 2.2 ± 1.3 and M = 2.3 ± 1.7) without significant changes.Energies 2019, 12, x FOR PEER REVIEW 7 of 22 
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survey #3 and survey #7. Average informed preferences are: electricity savings and efficiency = 6.8± 1.7,
large run-of-river = 6.1 ± 1.0, solar cells = 5.4 ± 1.6, wind power = 4.9 ± 1.8, deep geothermal = 3.6 ± 2.2,
biogas = 4.6± 1.7, small hydropower = 4.9± 1.9, large hydro dams = 5.7± 1.4, woody biomass = 3.8± 2.0,
waste incineration = 5.6 ± 1.6, net import = 2.9 ± 1.5, large natural gas = 1.8 ± 1.0, and nuclear = 2.3 ± 1.6.

As can be expected, “affective evaluations of image associations” in Figure 2 and “technology
preferences” in Figure 3 demonstrated broadly the same technology-specific pattern, indicating the
validity of our results [14,15,57]. Electricity savings and efficiency, as well as renewable technologies,
such as hydropower, solar cells, and others, were judged positively. Nuclear power and large natural gas
plants were judged much below the midline; affective evaluations were not measured for net electricity
import. Both “affective evaluations of image associations” and “technology preferences” dropped
with more information for deep geothermal, large natural gas, and woody biomass plants. Except
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for hydropower and electricity savings and efficiency, “affective evaluation of image associations”
and “technology preferences” were positively and significantly correlated for all technologies at
the beginning of the study (Table S3 in SM). Particularly strong relations were observed for deep
geothermal (r = 0.745, t = 4.991, p < 0.001), waste incineration (r = 0.786, t = 5.970, p < 0.001), and
woody biomass (r = 0.709, t = 4.503, p < 0.001). Similar results were observed after the participants
received information, except for biogas, which did not show a significant relationship in survey #5.
The strongest correlations were observed for deep geothermal (r = 0.632, t = 4.466, p < 0.001), solar cells
(r = 0.640, t = 4.649, p < 0.001), and woody biomass (r = 0.717, t = 5.541, p < 0.001). In the longer-term,
only nuclear, solar cells, and wind power showed significant relations, with the strongest correlation
observed for nuclear (r = 0.665, t = 4.971, p < 0.001).
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Figure 3. Average combined ratings of the informed citizen panel of image associations with technologies
and affective evaluation of image associations (seven-point Likert scale, 1 = very negative to 7 = very
positive). Statistically significant differences (p < 0.05) are: (a) between survey #1 and survey #5; (b)
between survey #1 and survey #7. The informed evaluation ratings are: hydropower = 5.7 ± 1.1,
electricity savings = 6.0 ± 1.5, solar cells = 4.7 ± 1.3, biogas = 4.9 ± 1.5, deep geothermal = 3.2 ± 1.6,
wind power = 4.2 ± 1.2, woody biomass = 3.8 ± 1.7, waste incineration = 4.9 ± 1.8, large natural
gas = 1.7 ± 0.7, and nuclear = 2.2 ± 1.3.

4.2. Ratings of Sustainability Impacts of Electricity Technologies in Geneva

“Impact importance” (Figure 4) and “affective evaluation of impacts” (Figure 5) were elicited
in survey #1, survey #3, and survey #7. Regarding “impact importance”, climate change and water
quality were rated as the highest concerns in the beginning of the study (M = 6.6 ± 0.7 and M = 6.5 ± 0.9,
survey #1) and in the longer term (M = 6.7 ± 0.7 and M = 6.3 ± 1.1, survey #7). Impacts on electricity
generation costs and land use were rated as the least important during the whole study (M = 4.6 ± 1.6
and M = 5.3 ± 1.4, survey #1). Except for water quality, biodiversity, and land use, all impacts were
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rated as even more important in survey #3 after receiving information. In the longer term, the only
significant drop concerned accident risks (M = 5.8 ± 1.4 versus M = 5.1 ± 1.8, t = −2.207, p = 0.03
between survey #1 and survey #7).
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Figure 4. Average ratings of the citizen panel regarding sustainability impact importance (seven-point
Likert scale, 1 = not important at all to 7 = very important). Statistically significant differences
(p < 0.05) are: (c) between survey #3 and survey #7. The informed impact ratings from survey #3
are: climate change = 6.8 ± 0.4, air quality = 6.6 ± 0.7, water quality = 6.2 ± 1.0, resources = 6.2 ± 1.0,
biodiversity = 6.0 ± 1.0, risks = 5.9 ± 1.3, reliability = 5.9 ± 1.2, land use = 4.8 ± 1.8, and costs = 4.6 ± 1.6.Energies 2019, 12, x FOR PEER REVIEW 10 of 22 
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Figure 5. Average affective evaluations of impacts by the citizen panel (nine-point Likert scale, 1 = calm,
relaxed to 9 = excited, tense, agitated). Statistically significant differences (p < 0.05) are: (b) between
survey #1 and survey #7. The informed feelings are: water quality = 6.7 ± 1.9, climate change = 7.1 ± 1.9,
biodiversity = 6.5 ± 2.1, air quality = 7.0 ± 1.9, risks = 5.5 ± 2.6, resources = 6.1 ± 2.2, land use = 5.4 ± 2.6,
costs = 3.7 ± 2.2, and reliability = 4.8 ± 2.2.

The “affective evaluation of impacts” in survey #1 showed that the citizens felt the most agitated
about the impacts on water quality and climate change (M = 6.7± 2.18 and M = 6.6 ± 1.9) and the
calmest about costs and reliability (M = 4.3 ± 2.1 and 4.1 ± 2.3). After receiving information, in survey
#5 citizens felt more agitated about most of the impacts, except for land use, accident risks, and costs
(n.s.). In the longer term, the increase in evaluation of supply reliability impact was the only statistically
significant change, but the evaluation remained rated as the third least important impact (M = 4.1 ± 2.3
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versus 5.2 ± 2.1, t = −2.028, p = 0.046 between survey #1 and survey #7). As in the case of technology
preferences and affective evaluations of image associations for technologies (Section 4.1), impact
importance and affective evaluation of impacts also showed broad consistency, indicating the validity
of the results.

4.3. Preferred Swiss Electricity Mix 2035 Using Riskmeter in Geneva

Using the interactive Riskmeter tool [52], the citizens submitted two versions of their preferred
Swiss electricity mix in 2035: before and after discussion. No substantial and statistically significant
changes were observed between the two versions and thus only the average mix preferences after the
discussion are shown in Figure 6. On average, hydropower technologies contributed the most to the
preferred mixes of the citizens: 39.8 TWh/year for large hydropower plants and 4.7 TWh/year for small
hydropower. However, the participants chose not to exploit the full remaining potential of hydropower
above the level of the existing capacity: on average, 54% of the remaining potential of large dams, 69%
of large run-of-river plants, and 53% for small hydropower plants were added to the preferred mix.
Solar cells were the second major contributor (M = 11.7 TWh) and participants chose to further develop
63% of their remaining potential on average. Electricity savings and efficiency were third (5.8 TWh) and
were included on average with 85% of their remaining potential. All other technologies contributed
to a smaller extent to the preferred mixes, either due to their limited maximum potential or due to
the extent to which the citizens included them in the mix. Half of the maximum remaining potential
of wind power and biogas was typically used (2.3 TWh and 0.8 TWh, respectively), whereas waste
incineration was included at 66% of its potential (3.0 TWh). Deep geothermal and woody biomass
contributed to the preferred mixes with a quarter of their remaining potential, on average (1.1 TWh
and 0.4 TWh, respectively). The remaining technologies were kept at very low levels compared to
their potential: 6% for nuclear (1.6 TWh), 3% for net import (0.6 TWh), and 2% for large natural gas
(0.4 TWh).
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Figure 6. Average preferred Swiss electricity mixes of the informed citizen panel using the interactive
tool Riskmeter [52]. The red lines indicate the minimum amount that the participants could use for
each technology (because these technologies are already built in Switzerland and will remain in 2035).
The average contribution of each technology to the mix was: large hydro dams = 20.5 ± 1.1 TWh, large
run-of-river hydropower = 19.3 ± 1.1 TWh, small hydropower = 4.7 ± 0.9 TWh, nuclear = 1.6 ± 4.1 TWh,
solar cells = 11.7 ± 3.5 TWh, wind power = 2.3 ± 1.2 TWh, deep geothermal = 1.1 ± 1.5 TWh, large
natural gas = 0.4 ± 1.5 TWh, woody biomass = 0.4 ± 0.3 TWh, biogas = 0.8 ± 0.5 TWh, waste incineration
= 3.0 ± 0.5 TWh, net import = 0.6 ± 1.8 TWh, electricity savings and efficiency = 5.8 ± 1.7 TWh.



Energies 2019, 12, 4231 11 of 21

4.4. Evaluation of Informational Materials in Geneva

Table 1 shows the results of the citizens’ evaluation of our informational materials for informed
citizen panels in the city of Geneva (evaluation of tools). The average evaluation ratings in survey
#6 were very high for all materials and the workshops overall (M = 61.2 ± 5.9), indicating a broad
satisfaction. Technology factsheets had the highest overall satisfaction score (M = 59.1 ± 5.7), being
rated as the most useful tool to fill knowledge gaps (M = 6.3± 0.8) and to form an opinion (M = 6.2± 0.8).
In terms of overall satisfaction, technology factsheets were followed by the interactive tool Riskmeter
(M = 55.6 ± 7.4), which was in particular considered to be the most interesting (M = 6.6 ± 0.6). Group
discussions (M = 53.6 ± 6.1 in overall satisfaction) were rated to be the most entertaining (M = 6.4 ± 0.7).

Table 1. Average evaluations of informational materials in the city of Geneva.

March April May

Before the Workshop At the Workshop After the Workshop
Survey #1, N = 33 Survey #6, N = 33 Survey #7, N = 33

Self-rated general interest (six items;
seven-point Likert scale; max. score 42) 24.2 ± 6.9 * 27.96 ± 4.5 *

Self-rated interest in last four weeks (six
items; seven-point Likert scale; max. score 42) 14.2 ± 4.3 15.4 ± 4.5

Self-rated knowledge (six items; seven-point
Likert scale; max. score 42) 21.8 ± 3.9 * 24.7 ± 3.1 *

General energy knowledge test (20
true-or-false questions; max. score 20) 8.5 ± 2.6 * 10.8 ± 3.1 *

Willingness-to-act (seven items, seven-point
Likert scale, max. score 49) 41.5 ± 5.0 42.1 ± 4.6

Evaluation of tools (10 items; seven-point
Likert scale; max. score 70)

Factsheets 59.1 ± 5.7 ** 60.8 ± 5.5
Web-tool Riskmeter 55.6 ± 7.4 59.0 ± 6.1
Group discussions 53.6 ± 6.1 51.6 ± 10.3 ***
Whole workshop 61.2 ± 5.9 *** 61.9 ± 7.1

* p < 0.05 between two measurements of the same variable at different times; ** p < 0.05 for differences from the
evaluation of other tools; *** p < 0.01 for differences from the evaluation of other tools.

Table 1 also shows the evolution of citizens’ interest, knowledge, and willingness-to-act in order
to assess the impact of our informational materials. Before the workshop, the self-rated general
interest in energy topics and the self-rated interest in the last four weeks were low (M = 24.2 ± 6.9
and M = 14.2 ± 4.3, respectively): for instance, the citizens read or talked about electricity topics
either never or up to twice a week. After the workshop, self-rated interest in the last four weeks
did not increase statistically significantly on the summary scale, but the separate items showed that
participants talked more frequently about electricity supply to their family members during the last
four weeks (t = −2.296, p = 0.024). In contrast, the self-rated general interest increased statistically
significantly (t = −1.546, p = 0.027) on a summary scale, and the citizens reported that they thought
more frequently about the topic (t = −2.019, p = 0.047). Self-rated knowledge was slightly above the
midpoint before the workshop and increased significantly after the workshop (t = −3.36, p = 0.001
between survey #1 and survey #7). Objective knowledge showed an average of 42% correct answers
in survey #1 and 54% in survey #7, increasing significantly after receiving our information materials
(t = −3.318, p = 0.001). Participants performed adequately in the factsheet knowledge tasks during
the workshop (M = 22.5 ± 0.7, 72% correct on average). To check the usability and the learning
effect of interactive tool Riskmeter, participants had to remember which technologies they included
in their electricity mix. Citizens had 70% correct answers on average and 91% of the participants
reported following a specific strategy rather than choosing technologies by chance when creating their
preferred mix. Willingness-to-act environmentally friendly was high in both survey #1 and survey #7
(M = 41.5 ± 5.0 versus M = 42.1 ± 4.6; n.s.).
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4.5. Differences between Informed Citizen Panels in Two Swiss Cities of Geneva and Zurich

We performed a comparative analysis between the outputs of informed citizen panels in the
French-speaking city of Geneva and the German-speaking city of Zurich (Table 2). All data related
to the study of Zurich were provided by Volken et al. [9]. Regarding technology preferences, both
panels rated small hydropower, wind power, and solar cells similarly high, and nuclear as well as net
electricity import similarly low in all measurements. In both cities, preferences for deep geothermal
and biogas dropped after receiving information and in the longer term. Preferences for woody biomass
dropped and increased back in the longer term in both cities as well. Large run-of-river hydropower
was rated more positively in Geneva than in Zurich for initial, informed, and longer-term preferences
(M = 5.7 ± 1.6 versus M = 4.6 ± 1.9, t = 3.136, p = 0.002 in survey #1; M = 6.1 ± 1.0 versus M = 5.1 ± 1.8,
t = 2.785, p = 0.007 in survey #3; and M = 6.0 ± 1.2 versus M = 5.3 ± 1.6, t = 2.171, p = 0.033 in survey #7).
This was also the case for electricity savings and efficiency in survey #1 and survey #7 (M = 6.6 ± 1.8
versus M = 5.6 ± 2.1, t = 2.591, p = 0.012; M = 6.9 ± 2.3 versus M = 5.8 ± 1.9, t = 2.914, p = 0.004,
respectively). Large natural gas plants were rated more negatively in Geneva than in Zurich in survey
#1 and survey #3 (M = 2.9 ± 1.6 versus M = 3.8 ± 1.8, t = −2.593, p = 0.012; M = 1.8 ± 1.2 versus
M = 2.6 ± 1.7, t = −2.664, p = 0.009, respectively), but there was no significant difference in the longer
term. Preferences for large hydropower dams were similar in survey #1 and survey #7, but they were
higher in Geneva after reading and discussing the factsheets (M = 5.7 ± 1.4 versus M = 4.9 ± 1.8, t = 2.08,
p = 0.04 in survey #3). The citizen panel in Geneva showed higher support for waste incineration at the
end of the study (M = 6.0 ± 1.1 versus M = 5.4 ± 1.6, t = 2.06, p = 0.04 in survey #7).

When analysing electricity mix preferences, the average preferred mixes were relatively similar in
Geneva and Zurich, with some differences. Nuclear power was included to a smaller extent in Geneva
than in Zurich (M = 1.6 ± 4.1 versus M = 5.0 ± 8.0, respectively, t = −2.278, p = 0.026). Moreover, the
citizens included significantly more large run-of-river hydropower, waste incineration, and electricity
savings in their mixes in Geneva than in Zurich (M = 19.3 ± 1.1 versus M = 18.7 ± 1.0, t = 2.710, p = 0.008;
M = 3.0 ± 0.5 versus M = 2.7 ± 0.5, t = 2.556, p = 0.013; M = 5.8 ± 1.7 versus M = 3.7 ± 2.2, t = 4.159,
p < 0.001, respectively) For all other technologies, there were no statistically significant differences.

Concerning the evaluation of tools, Geneva’s participants expressed a significantly higher
satisfaction for all tools in both surveys and, in particular, their opinion was more influenced by the
workshop in contrast to Zurich (M = 6.0 ± 1.5 versus M = 3.6 ± 1.5 respectively, t = −6.768, p < 0.001,
survey #7). Citizens in Geneva were also more influenced by the factsheets and the Riskmeter in contrast
to citizens in Zurich, but not by the group discussions. However, we found a statistically significantly
higher score for the general liking of the discussions in both surveys in Geneva as compared to Zurich
(M = 6.0 ± 0.9 versus M = 5.2 ± 1.2, t = −3.616, p = 0.001, survey #6; M = 5.9 ± 1.1 versus M = 5.1 ± 1.7,
t = −2.729, p = 0.007, survey #7, respectively). Citizens in Geneva reported higher interest levels for
the Riskmeter than in Zurich during the workshop (M = 6.6 ± 0.6 versus M = 4.6 ± 2.3, t = −5.037,
p < 0.001) and after the workshop in survey #7 (M = 6.2 ± 1.5 versus M = 5.6 ± 1.8, t = −2.352, p = 0.021).
Statistically significant differences were observed for all self-rated interest, self-rated knowledge, and
willingness-to-act in survey #1: willingness-to-act was higher in Geneva, while interest and knowledge
level were lower. The same pattern was identified in survey #7, but without statistically significant
differences for self-rated interest.
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Table 2. Comparison between informed citizen panels in Geneva and Zurich.

Before the Workshop:
Survey #1

At the Workshop:
Survey #2 – #6

After the Workshop:
Survey #7

N = 33 N = 46 N = 33 N = 46 N = 33 N = 45
Geneva Zurich Geneva Zurich Geneva Zurich

Technology preferences (Mean) (seven-point Likert scale)
Large hydro dams 5.3 ± 1.7 5.4 ± 1.8 5.7 ± 1.3 * 4.9 ± 1.8 5.8 ± 1.5 5.2 ± 1.8
Large run-of-river 5.7 ± 1.6 ** 4.6 ± 1.9 6.1 ± 1.0 ** 5.1 ± 1.8 6.0 ± 1.2 * 5.3 ± 1.6

Small hydro power 5.3 ± 2.4 4.7 ± 1.9 4.9 ± 1.9 4.9 ± 1.8 5.3 ± 1.7 4.7 ± 1.7
Nuclear 2.5 ± 1.7 2.7 ± 2.2 2.3 ± 1.6 2.8 ± 2.2 2.2 ± 1.6 2.8 ± 2.3

Solar cells 5.7 ± 1.3 6.0 ± 1.4 5.4 ± 1.5 5.4 ± 1.6 5.6 ± 1.9 5.8 ± 1.4
Wind power 5.5 ± 1.8 4.7 ± 2.2 4.9 ± 1.8 5.2 ± 1.8 5.6 ± 2.2 5.1 ± 1.9

Deep geothermal 5.5 ± 2.4 4.9 ± 2.1 3.7 ± 2.2 3.8 ± 2.0 3.8 ± 2.1 3.9 ± 1.8
Large natural gas 2.9 ± 1.6 ** 3.8 ± 1.8 1.7 ± 1.0 ** 2.6 ± 1.7 2.0 ± 1.2 2.5 ± 1.5
Woody biomass 5.1 ± 2.2 4.8 ± 2.0 3.7 ± 2.0 3.7 ± 1.7 4.7 ± 1.8 4.1 ± 1.8

Biogas 5.5 ± 2.3 5.2 ± 2.0 4.6 ± 1.7 4.6 ± 1.6 4.6 ± 2.1 4.5 ± 1.7
Waste incineration 4.6 ± 2.0 4.9 ± 1.6 5.6 ± 1.6 5.4 ± 1.5 6.0 ± 1.1 * 5.4 ± 1.6

Net import 2.9 ± 1.5 3.3 ± 1.6 2.8 ± 1.5 3.3 ± 1.9 2.9 ± 1.8 3.3 ± 1.8
Electricity savings and efficiency 6.6 ± 1.8 * 5.6 ± 2.1 6.8 ± 2.0 6.2 ± 1.6 6.9 ± 2.3 ** 5.8 ± 1.9

Mix preferences (Mean) (TWh in Riskmeter)
Large hydro dams 20.5 ± 1.1 20.3 ± 1.1
Large run-of-river 19.3 ± 1.1 ** 18.7 ± 1.0

Small hydro power 4.7 ± 0.9 4.5 ± 0.9
Nuclear 1.6 ± 4.1 * 5.0 ± 8.0

Solar cells 11.7 ± 3.5 11.3 ± 5.7
Wind power 2.3 ± 1.2 2.1 ± 1.5

Deep geothermal 1.1 ± 1.5 0.8 ± 1.3
Large natural gas 0.4 ± 1.5 1.0 ± 2.5
Woody biomass 0.4 ± 0.3 0.3 ± 0.3

Biogas 0.8 ± 0.5 0.7 ± 0.4
Waste incineration 3.0 ± 0.5 * 2.7 ± 0.5

Net import 0.6 ± 1.8 0.8 ± 0.4
Electricity savings and efficiency 5.8 ± 1.7 ** 3.7 ± 2.2

Self-rated general interest (six items; seven-point Likert scale; max. score 42) 24.2 ± 6.9 ** 28.6 ± 7.5 28.0 ± 4.5 28.7 ± 6.5
Self-rated interest in last four weeks (six items; seven-point Likert scale; max. score 42) 14.2 ± 4.26 ** 18.1 ± 6.5 15.4 ± 4.5 16.3 ± 5.6

Self-rated knowledge (six items; seven-point Likert scale; max. score 42) 21.8 ± 3.9 ** 25.6 ± 6.5 24.7 ± 3.1 ** 28.0 ± 5.0
General energy knowledge test (20 true-or-false questions; max. score 20) 8.5 ± 2.6 ** 10.2 ± 2.8 10.8 ± 3.1 ** 12.7 ± 2.5
Willingness-to-act (seven items, seven-point Likert scale, max. score 49) 41.5 ± 5 ** 34.9 ± 7.9 42.1 ± 4.6 ** 34.9 ± 9.1

Evaluation of tools (10 items; seven-point Likert scale; max. score 70)
Factsheets 58.9 ± 5.8 ** 54.7 ± 6.3 60.8 ± 5.5 ** 55.4 ± 7.3

Web-tool Riskmeter 55.4 ± 7.3 * 53.7 ± 7.4 59.0 ± 6.1 ** 54.1 ± 8.0
Group discussions 53.4 ± 6.1 ** 46.5 ± 6.7 51.6 ± 10.3 * 46.8 ± 9.7
Whole workshop 61.2 ± 5.9 ** 56.1 ± 6.1 61.9 ± 7.1 ** 56.0 ± 7.2

* p < 0.05 and ** p < 0.01 for differences between Geneva and Zurich.



Energies 2019, 12, 4231 14 of 21

5. Discussion

5.1. Informed Preferences and Ratings of Sustainability Impacts

We consider the technology preferences from survey #3 and the post-discussion mix preferences
as the most informed, since the citizens had already used all our informational tools. The citizens’
high scores in tests of factsheet knowledge and Riskmeter usability show that they understood and
could use the information provided. Informed technology preferences in Geneva showed very high
support for electricity savings and efficiency, which were mostly associated with changes in behaviour
and seen as a necessary effort (see Table S4 in SM). We also observed high support for all renewable
electricity technologies, except for woody biomass and deep geothermal. The participants consistently
rated nuclear power, net electricity import, and large gas power plants very low. These results are
in line with informed mix preferences: all supported technologies were included on average with at
least half of their potential, whereas all three disliked technologies only contributed marginally to the
preferred mixes. This suggests that the citizens were in favour of a vast deployment of renewable
electricity in Switzerland in the future and were even more ambitious than the Swiss energy experts
or energy scenarios studies [53,54]. This is not only true for hydropower, which is well-known and
trusted in Switzerland [58], but also for solar cells, wind power, biogas, and waste incineration.

After learning more about sustainability impacts of individual technologies, the analysis of the
elicited imagery revealed that citizens in Geneva seemed concerned about local air pollution caused by
woody biomass as well as seismic risks and costs associated with deep geothermal plants. Currently,
Geneva has an ambitious geothermal program, GEothermie 2020, that aims to increase the use of
shallow- and medium-depth geothermal energy for heating and cooling. This probably contributed
to deep geothermal energy initially being seen positively and then the citizen preferences dropped
substantially after the citizens realized that deep geothermal energy in our study refers to riskier and
much costlier Enhanced Geothermal Systems for electricity generation. It was also specified in the
factsheets that the on-going projects in Geneva are not deep geothermal projects in order to avoid
misunderstanding. Waste and risks were important concerns associated with nuclear energy. After our
information, the citizens disliked large natural gas plants even more than nuclear, suggesting that
integrating fossil fuels into the Swiss electricity supply is not an option from the view of informed
citizens. In addition to air pollution and climate change impacts associated with natural gas, the citizens
also referred to fuel import and dependence on other countries. This is in line with the low ranking of
net electricity import too, suggesting that the citizens were in favour of domestic electricity generation
in Switzerland. Similar findings about citizen preferences for domestic, renewable, and low-carbon
electricity supply were reported in other Swiss studies too [9,16,34,59–61]. After all, informed citizens’
preferences were well in line with the Energy Strategy 2050 in Switzerland, which prioritizes efficiency
measures, renewable energy, and nuclear phase out in Switzerland [62]. Moreover, these results suggest
that the citizens would not support natural gas power plants or net electricity import to compensate
the phase out of nuclear, as is considered in some Swiss energy scenarios [63].

All sustainability impacts of electricity technologies were rated as important in Geneva. The highest
concern was expressed about climate change, followed by air and water pollution. The impacts rated as
the least important were land use and costs. High rating for climate change is in line with high informed
preferences for low-carbon technologies and electricity mixes, except for nuclear, where accident risks
and waste seemed to be more important to our citizens than climate change impacts. High concern
for pollution may partly explain why people disliked technologies that they associated with high
pollution, such as woody biomass. Although rated as the least important, costs were mentioned for
most technologies. In contrast, land use seemed to be specifically associated with wind power, which
is not surprising given its often debated impact on landscape. High concern for climate change has
been found in previous studies [9,18,36,46] and it is probably linked to an increasing awareness of
the consequences of global warming. This trend might grow even stronger considering the recent
social movements demanding action to protect the climate [64]. In this context, costs and land use
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could be considered secondary priorities as compared to global issues, like climate change, water and
air pollution, and the citizens could be willing to pay higher costs for clean energy. Other authors
also found that environmental sustainability was ranked higher than economic competitiveness [9,65].
Informed affective evaluations showed similar patterns as informed impact importance ratings.

5.2. Longer-Term Stability of Preferences and Impact of Informational Tools

We present two types of findings to show that our informational materials had an impact on
citizen preferences and affect. First, image associations, to some degree, explain changes during
the process. At the beginning in survey #1, citizens more often mentioned positive associated
words for technologies and initial preferences for most technologies were higher than informed
preferences. After receiving information (survey #5), more negative words were used, reflecting the
decreased preferences. Deep geothermal plants showed a pertinent evolution with terms like “earth”
or “renewable” and high uninformed preferences at the beginning, followed by words like “danger”,
“earthquake”, or “cost” and lower informed preferences during the workshop. As the factsheets
contained technical information, people also mentioned technical terms more frequently. This suggests
that information has influence across image associations on citizen preferences, as also argued in past
studies [66,67]. For example, our factsheets on waste incineration described mostly low or non-existing
impacts, resulting in increased preferences during the workshop. The affective evaluations of the
image associations were in line with these preferences. In the longer term and during the workshop,
the relationship was less pronounced than at the beginning. Even if associations like “waste” were
rated negatively, the preferences for waste incineration still increased, illustrating that information
could potentially have greater influence on preferences than on affect.

Second, citizen preferences and affective evaluations of well-known technologies like solar cells,
hydro or nuclear power did not change during the whole study despite information, whereas there were
changes for rather unfamiliar technologies, like deep geothermal or woody biomass. This indicates
that information has a stronger effect before people form strong preferences and feelings about the
technologies and that already determined preferences and affect about a technology are harder to
change. Previous studies support this argument [9,29,41,67,68]. Over the longer term, the technology
preferences that changed with information did not return to the initial preferences (except woody
biomass), indicating a lasting influence of information. This result contradicts some of the argument
by Volken et al. [9], who found that citizens of the informed panel in Zurich tended to revert back
to their initial opinions in the longer run. A reason for the different findings in Geneva and Zurich
could be the more intense engagement or higher satisfaction with the informational materials that
were observed in Geneva.

Our citizens in Geneva found the factsheets helpful to form an opinion, the interactive web
tool interesting, and the group discussions entertaining. After receiving information, participants
performed more successfully in the knowledge tests and their interest increased. Our findings also
strengthen arguments in existing literature that communicating information in a more interactive
way, such as by means of Riskmeter, helps to build informed preferences [9,32,33,69]. However,
more conventional informational tools like written factsheets also prove to be very effective for
information [70,71]. Recent studies concluded that citizens could be able to extract information better
from short written texts than from an interactive tool [72] or from long text [29]. In our case, group
discussions and interactive tools required particular involvement, likely leading to stable deeper
value-based perspectives [12]. On the other hand, group discussions demand participants to justify
their views and can hence reinforce existing preferences, as could have been the case for hydro or wind
power [8,10]. This assumption is coherent with the findings from the evaluation of group discussion
that showed a smaller influence on the opinion.
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5.3. Contextual Differences between Two Swiss Cities

The main finding from the informed citizen panels in the French-speaking city of Geneva and
the German-speaking city of Zurich is that the preferences for technologies and electricity mix were
relatively similar, especially for solar cells, wind power, deep geothermal, woody biomass, biogas, and
net import. This indicates that there is some generalizability in the outputs of informed citizen panels,
despite a small sample of participants. Genevan citizens had higher preferences for large run-of-river
hydropower, waste incineration, and electricity savings and efficiency. Nuclear power and large natural
gas plants were also less preferred than in Zurich. To some extent, the differences can be attributed to
some contextual factors, such as better knowledge of large run-of-river hydropower in Geneva, as there
is such a plant in the city centre. Geneva’s local energy utility also has a relatively known program
on energy efficiency. In a broader way, cultural and political differences between the French- and the
German-speaking parts of Switzerland also exist. Respondents living in the French-speaking part of
Switzerland were shown to be more inclined to energy efficiency [73,74]. However, our citizens in both
studies were mostly from urban areas and this could partly explain why their preferences were similar.

The second finding is the difference in longer-term stability of preferences. Citizens in Zurich had
less stable enduring preferences as compared to Geneva. Disparities were also observed regarding
the evaluation of the information tools. The citizens in Geneva gave a higher evaluation for all
the tools and were more satisfied with the group discussions. Additionally, their willingness-to-act
environmentally friendly was higher, whereas the general interest in electricity supply topics was
lower to start with. This could also explain why the Genevan citizens were more responsive to our
information. Another possible reason for the differences in longer-term stability of preferences could
be the difference in demographics or the two-year gap between the panels in Geneva and Zurich, or the
dominant political views. For example, a link could be made to the more liberal-left political view in
Geneva in general [75], which gives more added value to scientific information than a conservative
view [76]. Parallels can also be drawn between the technology preferences that were elicited by us and
the results of the popular referendum in Switzerland in 2017 about the Energy Strategy 2050, in which
the canton of Geneva had a yes-vote of 72.5% and the canton of Zurich–at 59% [77].

5.4. Limitations and Future Research

Several limitations of this study should be addressed in future research. First, it was impossible
to present the participants with all relevant information on electricity generation technologies and
mixes. The choices in our informational materials thus resulted in a framing effect: the way in
which information was selected and presented had an influence on how the informed preferences
were formed [9,32]. Future research could therefore investigate the robustness and sensitivity of
the preferences under different framing conditions. Second, our panels in both Geneva and Zurich
were not representative of the Swiss population, which means that our conclusions should not be
overgeneralized even if the results in Geneva and Zurich have many commonalities. Future research
could explore the preferences of the underrepresented segments of the population in our panels, like
citizens from rural and remote Swiss regions or the Swiss youth. It would be also valuable to repeat
such panels in other countries in Europe and worldwide in order to understand and compare the
formation and evolution of preferences and affect. Our study could provide an example of how to
do such panels and can offer methodological insights, such as the usability of different informational
materials. Third, affective evaluations of images associated with technologies were summed up in a
single value for each technology and this does not reflect contrasted associations (e.g., someone has both
positive and negative thoughts about the same technology). Future research should investigate these
contrasted and sometimes contradictory images and their relationship to the formation of preferences.
Fourth, the longer-term evolution of the preferences and affect was only investigated four weeks after
the workshops. Future work could focus on the evolution of preferences over longer periods of time.
Finally, this study only elicited general preferences of the citizens for electricity generation technologies
without asking the more difficult question about where these technologies should be sited. Future
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research could therefore create a methodology for informed citizen panels on spatial siting of new
technologies, adopting information from spatial energy analysis [78,79].

6. Conclusions and Policy Implications

This research study provides insight on informed citizen preferences for the Swiss electricity mix
2035. The informed preferences in Geneva indicated high support for a domestic, renewable electricity
mix in Switzerland, combined with electricity savings and efficiency. Negative citizen views of nuclear
energy, large natural gas plants, and net electricity import were consistently expressed. Informed
citizen preferences appeared to be in line with the main objectives of the Swiss Energy Strategy 2050,
but some additional points should be considered to ensure public support. Notably, our panel did
not favour an increase in net electricity import or the construction of natural gas power plants to
compensate the phase out of nuclear plants. The citizens were particularly preoccupied by climate
change and pollution issues rather than costs. This highlights the importance for policy makers to
consider the acceptance of electricity technologies in relation to other alternatives and general concerns
of the population.

Comparison between the two Swiss cities showed many similarities, pointing to some
generalizability of our findings. In both cities, we observed high overall support among the Swiss
citizens for domestic renewable electricity mix in 2035. We found that multi-dimensional information
on electricity technologies and their sustainability impacts influenced citizen preferences for the
technologies that they were not yet familiar with. Uninformed or informed preferences and affect for
known technologies were similar, indicating that strong and already formed opinions were hard to
change by means of information. This awareness that information can still change some preferences
underlines the importance of wider energy outreach as part of the energy transition. However,
some contextual differences between both cities were observed too, suggesting that policy makers
should consider regional specificities in citizen preferences and affect.
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the impacts for each technology using a 5-color scale, Table S3: Correlations between preferences for individual
electricity generation technologies and affective evaluations of image associations, Table S4: Average mix
preferences of the informed citizen panel before and after discussion during the workshops.
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