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How could and should the Swiss electricity mix RES
2035 look like?
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The first challenge RES

How should the goal of 11.4 TWh be reached?

Existing model-based % of respondents (N=1'019)

electricity scenarios for 2035 ;
. o Win
(18 studies, 80 scenarios) Solar  aproad

abroad

Hydro 4%

abroad
Hydro in

Switzerland
38%

Wind in 20%

v S Switzerland
[

Electricity supply in 2035, TWh / year

renewable fossil fuel-based

technologies (excl. B cheration ; e

hydropower) nuclear 3 30%
B net import B all hydropower

fossil fuel-based Solarin
B generation and net i

gener Switzerland

fossil fuel-based
generation with CCS

Source: Xexakis et al. (2020) Renewable and Sustainable Energy Reviews; Consumer Barometer (2018)
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UNIGE

The second challenge () RES

Stimmen Sie dem Ausbau folgender Méglichkeiten, um den Strombedarf in der
Schweiz im Jahr 2035 zu decken, zu oder nicht?

Wasserkraftwerke

Solarzellen (Photovoltaik)

Windkraftwerke

Survey
Says!

Tiefengeothermieanlagen

Biogasanlagen

Kehrichtverbrennungsanlagen (KVA)

Biomassekraftwerk (Holz)

Erdgaskraftwerke

Atomkraftwerke

Strombedarf senken (durch Verhaltensanderungen
und effizientere Technologien)

OO |10|0|10|O(O|O 0O |0 |0 | stmme garnichtzu
OO |10[O|IO|O|O|O|0O |0 |0 | Stmme nichtzu
olo|o|olo|o|lo|O|O]|0O |0 |stmmeehernicht zu
O|O|0O|O0[O|O|O0|0O|[O|0O|O |Neutal

OO |0OIO|IO|O|O|O|0O |0 |0 |Stmme eherzu
O|O|10|0|10[O0|O|O|O |0 |0 | stmmezu
O|O|10|0|10(0|O|IO|0O |0 |0 | stmmesehrzu
olo|o|lolo|lo|o|O|O|O |0 |weissnichukenne ich nicnt

Stromimporte aus dem Ausland

Source: Volken et al. (2018) Environmental Science & Technology
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UNIGE

The second challenge (ll) RES

“Enhanced Geothermal System...
they can install that at your house, right?” [ID_10]

Yes, it could lead to a small vulcanic eruption” [ID_7]

“Are there power plants that work with natural gas?
Really?” [ID_9]

“Biomass, | don’t know that at all” [ID_5]

Source: Volken et al. (2017) Journal of Risk Research
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Methodology: informed citizen panels RES

At home

Read \1

technology
factsheets J

v

'5,‘“"" et aifl
u

Source: Volken et al. (2018) Environmental Science & Technology

RENEWABLE ENERGY SYSTEMS @ UNIVERSITE

% DE GENEVE



Technology factsheets
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(Download at Zenodo in French, German or English)

Source: Volken et al. (2018) Environmental Science & Technology
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Methodology: informed citizen panels RES

At the workshop
At home [ A \
tecﬁr??)lc(]) Discuss Crri?é?rg:je W >
9y in a group P o ) g
factsheets electricity mix

RISKMETER

riskmeter.ch

0] 1l oo ot oyt
™

Source: Volken et al. (2018) Environmental Science & Technology
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Interactive online-tool Riskmeter

RISKMETER User instructions hnologies References Feedback Login EN DE FR

Select your electricity supply for Your chosen electricity portfolio
2035

LARGE RUN-OF-RIVER HYDROPOW%D:l

SMALL HVDROPﬂVER

|:| NUCLEAR 2035

Demand is not yet covered
SOLAR CELLS (PHOTOVOLTAIC)

Target demand: 70.0 TWh/year

LD Electricity saving and efficiency: 0.0

TWh/year
Total supply: 43.9 TWh/year

|:| DEEP GEOTHERMAL
|:| LARGE GAS POWER PLANTS Net import: 0.0 TWh/year

.|:| WOODY BIOMASS Net export: 0.0 TWh/year
I:I BIOGAS
WASTE INCINERHION
NET IMPORT FROM ABROAD
ELECTRICITY SAVING AND EFFICIENCY

Reset m show labels

show max potential OFF

[
[

Source: Volken et al. (2018) Environmental Science & Technology
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UNIGE

Methodology: informed citizen panels RES

At the Workshop
At home \ At home

f
Read . Create the . , .
ccrnolooy | (PSS preerea - Dsasna o Letta)
factsheets electricity mix group

Informed citizen panel

RISKMETER
R riskmeter.ch
e
e DE
A et e e o == [ FR
- e B T EN

Documenting the evolution of public preferences

Source: Volken et al. (2018) Environmental Science & Technology
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Informed citizen panel in Geneva

« N=33
» Recruited to represent diversity in initial technology preferences
» Socio-demographic characteristics:

- Alittle younger than the Swiss average: 32.0 years old on
average (CH: 42.2 years)

- Representative in terms of gender: 50% female (CH: 51%)

- More educated: 72% finished a high school (CH: 41%), 44%
had a Bachelor degree (CH: 17%)

Source: Dubois et al. (2020) Energies
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To what extent do you agree with further development of these UNIGE
electricity technologies in Switzerland to 2035? RES

Informed panel
(at the end of the workshop)

Before 4 weeks later

Completely agree (7) o

. “. -0~ Electricity savings and efficiency, 6.9 + 2.3

‘ Electricity savings and k

efficiency, 6.6 = 1.8

55 \zaste incinelt'_ation 66(:)i ll 12
- +
‘ Large run-of-river, 5.7 Arge rn-gi=riven
Solar cells, 5.7 155

: == Solar cells, 5.8 + 1.9
=X- Wind power, 5.4 +

+

+

O+ Large hydro dams, 5.8 +
—X- Wind power, 5.6 + 2.2

Geneva

(a,b) Deep geothermal, 5.4
~O- (a,b) Biogas, 5.3
‘ Small hydro power, 5.3 +
Large hiydro dams, 5.3 + 1.

-X- (a,c) Woody biomass, 5.0 + 2.2

1.6

1.3

1.8

2.4

1222 ~X- Small hydro power, 5.3 + 1.7
7

-X- Woody biomass, 4.7 + 1.8

=+ (a,b) Waste incineration, 4.6 + 2.0 ~O- Biogas, 4.6 2.1

Neither agree nor disagree (4)

5 Deep geothermal, 3.8 + 2..1

‘ Net import, 2.9 + 1.5 ~£x Netimport, 2.9 + 1.8
’ (a,b) Large natural gas, 2.8+ 1.6

‘ Nuclear, 2.4+ 1.7

~<+ Nuclear, 2.2 + 1.6
=>- Large natural gas, 2.0 + 1.2

Source: Dubois et al. (2020) Energies Completely disagree (1)
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Informed citizen panels in Zurich

- N=46

» Recruited to represent diversity in initial technology preferences

» Socio-demographic characteristics:

- Alittle older than the Swiss average: 18-77 years, 42.1 years on )
average (CH: 41.4 years) Zurich

- Representative in terms of gender: 50% female (CH: 50.9%)

- More educated: 66.7% finished a gymnasium (CH: 40.9%), TR Y
40.0% had a Bachelor degree (CH: 16.9%) 2017

Source: Volken et al. (2018) Environmental Science & Technology
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To what extent do you agree with further development of these UNIGE
electricity technologies in Switzerland to 2035? RES

Informed panel
(at the end of the workshop)

---------------- Completely agree (7) B e e

Before 4 weeks later

4~ SolarCells, 5.9+ 1.4
abSolar Cells, 6.0, + 1.4

®

a.b Electricity Savings and Efficiency, 5.5, + 2.1

« Electricity Savings and Efficiency, 5.9+ 1.9

+ Waste Incineration, 5.6 + 1.6 .
Large Run-of-River, 5.3+ 1.6 Zu rl C h
G

Large Hydro Dams, 5.1, + 1.8‘ w Large Hydro Dams, 5.2 + 1.8 @'”“?

Wind Power, 5.1 + 1.9

Waste Incineration, 4.9, + 1.6 *
Biogas, 4.8, + 2.0 e

* Wind Power, 4.5, + 2.2
Small Hydro Power, 4.5, + 1.9
*Deep geothermal, 4.5, + 2.1

v w Small Hydro Power, 4.7 + 1.7
e Biogas, 4.6 +1.7

*Woody Biomass, 4.5, + 2.0 Woody Biomass, 4.2 + 1.8
<Large Run-of-River, 4.3, + 1.9‘ + Deep geothermal, 4.1 + 1.8

"""""""" Neither agree nor disagree (4) -~~~ ==~~~ "Il " T T e P Sy e oy e e 2017

Net Import, 3.5+ 1.8
a¢Large Natural Gas, 3.4, + 1.

Net Import, 3.2, + 1.6‘

4‘ ® Nuclear,2.9+2.3

Large Natural Gas, 2.5+ 1.5

Nuclear, 2.7, + 2*‘——

---------------- Completely disagree (1) :====r====rmrnemececmecccomarsmcesmeeemeceern e e e s s e e e e n e m s e cnecesssesaee

Source: Volken et al. (2018) Environmental Science & Technology

RENEWABLE ENERGY SYSTEMS UNIVERSITE

DE GENEVE




Average preferred electricity mix 2035

RISKMETER User instructions
Minimum
possible
value

Select your electricity supply for 2035

\_]

LARGE RUN-OF-RIVER HYDROPOWER

£ —

SMALL Hvonopovjn

max 5.6 TWh/yea;

new
renewables

no natural
gas

no net
import

max 4.0 Tw g
LARGE GAS POWER PLANTS
max 28.3 TWh/year
‘I WOODY BIOMASS
L] max 1.1 Twhryear
sloﬁs
max 1.4 TWh/year
WASTE INCINERATI)N
max 3.5 TWh/yea
NET IMPORT FROM ABROAD
max 22.0 TWh/year
/7 E(ECTRICITY SAVING AND, Er’FiClgNéﬂ
S S S S S e ks awhiyear /S S S
Source: Dubois et al. (2020) Energies
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RES

References Feedback Login EN DE FR

Your chosen electricity portfolio

\

2035

Loamens s comes

Target demand: 70.0 TWh/year

Geneva

Electricity saving and efficiency: -5.7
TWh/year

Total supply: 67.2 TWh/year
Net import: 0.0 TWh/year
Net export: 2.9 TWh/year

SUBMIT

mallaYAropoWasté incireratiNudear

NI,

IIIAD. S i A ind]
. A //A’"/i 5/ /// /
Maximum 77 Y

possible value

UNIVERSITE

DE GENEVE

15



Septmoncel LaJol = = - UNIGE
P Mijoux Yvoire
i Divonne-les- Bams
of Excenevex
4:5 km
'G‘
. ex e oS Scie
Jssieres Wlth gWItzerI Chens-sur-Léman 1005
Cessy
Bellecombe !
o 107.5 km
Réserve D1005 | Lors.m
1 naturelle
Cret'de nationale D1008 w F ra n CQ,
la Neige de la Haute... \Veigy-Foncenex
Corsier Bons-en-Ch
Ferney-Voljaire
Sergy ( Collonge-Bellerive Machilly
Saint-Genis-Pouil regny-Chambésy
Tholry Grand-Saconnex ipuCergues
; X /
. Meyrin 73 . 7 1206
Saint-Jean-de- Sty » L V//
) Geneva
0903
Péron | p8s4 Russin Cranves-Sales
Carouge
Vétraz-Monthoux 229
Bonne
Fillinges
A% 0903

Sajit-Julien-en- W
sollonges Archamps Reignier-Esery

France

D1206 Neydens

[ A40] Viry

n2?

RENEWABLE ENERGY SYSTEMS

Contamine-sur-Arve

UNIVERSITE

DE GENEVE

16



UNIGE

Average preferred electricity mix of the panel RES

RISKMETER User instructions Technologies References Feedback Login EN DE FR

Minimum

possible Select your electricity supply for 2035 Your chosen electricity portfolio
Value \’ "LARGE HYD! ﬂ

LARGE RUN-OF-RIVER HYDROPOWER []

SMALL HYDROPO\A{R U

Zurich

Eia
new 5
Large run-of-river w7
hydropower b o
renewa b | es Target demand: 70.0 TWh/year . Sy
Electricity saving and efficiency: -3.7 <
no natural TWhiyear
ga S LARGE GAS POWER PLANTS Total supply: 66.9 TWh/year \ ;
WOODY BIOMASS Net import: 0.9 TWh/year 2017
Net export: 0.5 TWh/year 1 JSmaH EI:c":’rlclty ‘savlng
HOC‘AS Solar cells hydrop y
SUBMIT Ipfcrodarelc)
t WASTE INCINERAT*N D
n 0 n e Waste Large gas Net import
. NET IMPORT FROM ABROAD incineration power plants from abroad
Impo rt il Nucloar Wind DR il woody

geothermal ' piomass

ELECTRICITY S»\VN?JAVD EFFICIENCY
1 Biogas
Reset showmaxpotencal  OFF Maximum ST o9

possible value

Source: Volken et al. (2018) Environmental Science&Technology
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UNIGE

Back to the first challenge RES

Existing model-based
electricity scenarios for 2035
(18 studies, 80 scenarios)

vs.

Electricity supply in 2035, TWh / year

renewable fossil fuel-based
B technologies (excl. B cheration
hydropower) nuclear
B net import

I all hydropower
fossil fuel-based
I generation and net
import
fossil fuel-based
generation with CCS

Source: Xexakis et al. (2020) Renewable and Sustainable Energy Reviews
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UNIGE

Elicitation of the preferred mix 2035 RES

RISKMETER

e —— Samples N Method
=1 A Citizens 6 Onii
nline surve
SR 4 (uninformed) | i

Informed Workshops

o 46+33 )
" citizens from Zurich and Geneva
s
SRR — < Swiss ener .
: =T - L] 4 60 Online survey
: % o e experts

riskmeter.ch

Source: Xexakis et al. (2020) Renewable and Sustainable Energy Reviews
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Modeled scenarios vs. preferred scenarios (l)

1 000/0 7 .

80%

N

share of ail domestic

renewable technologies

In min N

o
40% -
20% -
0%
H-statistic

106.31 (p < 0.001)

Significant differences
between samples

Modeled < the rest
Citizens < Inf. citizens & Experts

RENEWABLE ENERGY SYSTEMS

UNIGE

RES

Model-based scenarios 2011-2018

Citizens

Informed citizens - Geneva

Informed citizens - Zurich

Energy experts

Source: Xexakis et al. (2020) Renewable and Sustainable Energy Reviews
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° e UNIGE
Model-based scenarios vs. preferred scenarios (ll) RES
Il Model-based scenarios 2011-2018 I Citizens [ Informed citizens - Zurich [ Informed citizens - Geneva - [ Energy experts
5 a0
<
E 30
Te)
S
T 20 o
£
g o
S 10-
2
S
L
_10 .
solalr PV fossil fuél-based net irlnport
generation
H-statistic 72.40 (p < 0.001) 105.76 (p <0.001) | 57.59 (p <0.001)
Sig. Modeled > rest
differences Modeled < rest Cit. > Inf.& Exp. Modeled > rest

Source: Xexakis et al. (2020) Renewable and Sustainable Energy Reviews
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Is this only the case in Switzerland?

8
+

& ~ @ ®»

www.riskmeter.ch

for Switzerland, France, Germany, Poland, and EU27
for citizens and for schools

RENEWABLE ENERGY SYSTEMS

RES

Technology shares in EU27 electricity scenarios for 2035
(selected examples)

solar PV -
(aggregated) o :

wind power
(aggregated)

nuclear
power

natural gas

t { 32 } + -
TR <o «
coal . v o . 1
O Y » M » »

-10% 0% 10% 20% 30% 40% 50% 60%
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http://www.riskmeter.ch/

Summary

* Preferences of informed citizen panels differ from those in conventional
surveys, especially for new technologies, where stable opinions do not

exist yet
« We found high and stable support for most new renewable technologies ": A B
and efficiency in Switzerland and low support for nuclear power, fossil == = -

fuel plants, and net electricity import

» Even if there were over 80 electricity supply scenarios in Switzerland at
the time, there was no scenario that would represent the future preferred

by the citizens. Switzerland is not an exception though ==

«  Work in PATHFNDR to be done on informed citizen panels on flexibility, sweet sy
sector coupling, and net-zero emissions system PATHENDR ] :
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Please get in touch with UNIGE

questions and comments! RES

Prof. Evelina Trutnevyte
Renewable Energy Systems, University of Geneva

Email: evelina.trutnevyte@unige.ch ﬁB.ﬂﬂ

Website: www.unige.ch/res .
Twitter: @etrutnevyte (Grant no. 160563) Innovation
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