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Challenges with conventional surveys (I) RES

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

Wasserkraftwerke

Solarzellen (Photovoltaik)

Windkraftwerke
Tiefengeothermieanlagen s U rvey
Biogasanlagen S q ys !

Kehrichtverbrennungsanlagen (KVA)

Biomassekraftwerk (Holz)

Erdgaskraftwerke

Atomkraftwerke

Strombedarf senken (durch Verhaitensanderungen
und effizientere Technologien)

O|O|O[O]|O|O|O|O|O|O |O |Stmmegarnichtzu
OO |O|O|O|0|O|0O |0 |0 |O | Stmme nicht zu
ololololo|l0|lO|O |0 |0 |O | stmme ehernicht zu
O|O|O|O0O[O|0|O|O0[O |0 |O [Neutal

OO |O|IO|O|O|O|0O|O |0 |0 |Sstimmeeherzu
O|lO|I0|O0|IO|O|O|O|O |0 |0 | stimmezu
O|lO|I0|O0|IO|IO|O|IO|O |0 |O | stimmesehrzu
Olo|lolo|lo|O0|lO|0|0O |0 |0 |Weiss nichvkenne ich nicht

Stromimporte aus dem Ausland

Source: Volken et al. (2018) Environmental Science & Technology
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Challenges with conventional surveys (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: an informed citizen panel RES

At home

Read \1

technology
factsheets J

v

o e
-

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

Grosse (Pump-)
Speicherwasserkraftwerke
Sprchermmientsafwerte iwehern in grosien
Seen SOmelrwaiser aan den Bogen, sowee Qued.
fhsss. e Regen
teferbegenden, rweiten See oder Funs geestet

wied, et e Turbine (ein Waserrad) a, weiche
-t

hshergeiegenen Smsdamm grourst Wird me|
Wasker runt ergetassen und wedensm strom|

Hevtige Stustion
R eion

ige
Die ustziche Memgn S, weiche
Cattwerte erzegt weed
Milanden KWh jabeih geichatzt 40, i 300°
essse 87 b 9% rws geiaten Potenziat |

st 7 Milhonen Wh

Grosse (Pump-) Speicherwasserkraftwerke

) e

Spescharkraftwerk b 2u 4100 m’ Land, um 3 Milion KWh Strom 1 erzeugen. Am
meisten Fliche wird beim Bau des Damens. ubﬂﬂulﬂ Fir den Bau mever Kraftwerke wird in
der hi
Einfluss auf de Landschaft deigt das Bild auf der M«M Seite.
Einfluss auf Tiere und Planzen
Beim Bau von Staudimmen werden grosse Landflichen dberflutet, was einen
megativen Einfluss auf Tiere und Panzen hat. Dieser Einfluss kann besonders hoch

sen, ween dee D3mme it hoher Tier- und
e oo | werden. Der veranderte ober. auch
1 Sewess eveugt o Surchichns
w; wi n
Abonen v st tor ca. 30000 | 3% Lebensraume und Wanderwege von Wassertiere
Do Stasdamm im Walks 1 5 MiSawden b Unfalle und Risiken
Das Untale ist for Landern, wie
Wf) Ot sut den Kimawandel der Schwei, Kommt auf 31 awh
Gronse Staudimmme stovian wdteend { | evzeugten Strom ein Todestall. Ein typischer Unfall kann 1u vielen Todesopfern und grossen
Oner den Schaden fubeen fahrte der Vajont Unfall i Italien 1963 2u

echimich det S dev Seaumavern, entwd
Strom

7600 Todesopfern und etwa 140 Milionen CHF wirtschaftiichen Schaden.
=== Rohstoffe und Abfse

Qe e ey

ol
e S
STt tgees et

o/ ks rbare Art der Over
gesamten Herstellungsweg perechnet, bendtigt 1 kWh Strom dennoch 0.1 kWh

nicht-emeuerbare Enerpie, Tum Beispiel f0r den Tramport von Rohtoffen fur den Bau der

Staumawern. Die Erzeugung von 1 KWh Strom aus Stauddmmen fuvt zudem 2u 310

besonders wahrend des Baus und des Rickbaus der Dimme.
o

Regen betrigr. it dber
o Gevuss wut Gewdsser

Kieune Mengen Wasses 0uich Verdunstung .
beewhusen vor stiem Sen ARLrichen Abfuis

Stromiosten
Oie Kosten fur rosen schwanken
hewte 1wischen 3 und 7 Rp. pro kWA, Fir dhe Zukunft wird e Anstieg suf

Mindestens 8 Rp. pro KWh ermartet. For neu gebate Kraftwerke kann dieser Preis soch

Doher sei, da der Bau hohe lvestitionskosen fordert

Versorgungssicherheit

Grosse Staudimeme snd eine tuverlissge, flexitle und lokal verfugbare Art der

aurgleichen, da das Wasser Gber Monate hinweg in den Stauseen gespekhert werden kann,
bis mebr Strom bendtigt wird, Pumpspeicherkraftwerke konnen 10gar Strom spekchern.
Basierend auf den In enem Jabe, kann
skh die Jabe 2o hahe

One for each technology, 30 pages in total

Solarzelien (Photoveitait) bestehen s mehreren

e und it Uektronen 3b, die sl Strom genutst
werden Entsprechend der Menge enfatenden
Sonneniichts wisd mehr oder weniger Strom
erzegt. Goueine Zelen Linnen bebedig rnsmm

werden. 50 Leht man wenage

UNIGE

engetingt
Platten aul Mausddchern oder an Fassaden fur den Eigenget
Sclartarmen® im Induitriemassitab, auf ungenutiten ek

o Stwation
C, Uber 100°000 Anlagen In der Gresise enes Hauidac

Strom peo Fabw (1.6 % der Schweires Stromerzeugy
Jahrschen O Sl

Solarzellen (Photovoltaik)

s ool e Landschamt und de

Uber den gevamten Hervtefungrweg pevechnet beauchen Sclarzeden
Phosrmaih) s o0 o Land s | Mllon 1 S b reugen. rgen

s Dicheen

Tukinftige Suation

Die usitzfiche Menge Strom, weihe durch neve §

dom ko, ward aaf § b 37 MATKasgen ¥Wh by

bis 2.4 Mdkonen Haushalte]. Die Schwese ezt hevte 6 b §
fir Solarzeten.

Grosse eines einreinen Kraftwerks.

€0 Dach eines Wohnhauses st Solaraeten erveug

Sarom (etwas medy als ein enzeines Macshal [Shr
Selartarmen” ertewgen durchachnitaich 300000 kW (Sie
WL s aul den KEmawandel

Sclarzeben (PhotovoRad) ytossen wakrend dem B0

e Ben Kemswandel beessdissien Wird der gesa
engerechner, besonders der Abbau von RohtcHen und die
entweichen 51 Gramm CO,,, o KW erzeugtem Strom

Tinfiuss aof die iokale Umgesunguiutt

Sotarzeten (PRotowoak) stossen wahrend em B

e 2u erhOhten Gesundheitarisken in der Nahe de
Eesmie Nerstedurgiweg angerechnet, besonden der A
Heritetung de Solartelien, dann entweichen 230 Miligram
Strom. (er den gesamten Herstebungyweg o Ir lex
Schweleidionsd (50, und Stickuden (NO,) awf, e 1u Smoy

0 Uinns auf Gewirer

Sotartetien PROOvORIA| vertrauchen wihrend d
Wasser N fir die Reirvgung wesden beine Meng
Eesamten Meriteihingyweg hnarggeuehen, beastigt de He
ngen Waer. €5 wird dmd

Zukunt abmimmt

0l er anderen Sede regt ene typache Anlage

s 2 Tiere und PRanzen
Owen A Hasscher uns
m Solarfaomen”
Frenschen. Yo den Adbay
von Sctarreten Lokale
o dhe Ve Nt ebertats
einen nogitiven Enfuss bl Tiere wnd Misrsen, num Bespiel Ach saurea Regen wnd
Feirstat.
Ustiite und Baken
o Uit st fir Sndorn, wie dov

wt

chwes.
erteugren Strom en Todestal
Schden und einer geringen AnzaN Todesopfer, Julgrund der beschrinkten Gednte der
Artagen Benpelvwene fubrte ene (xpionon in der Sunm Verarbetunguaniage fir
Solarzeien n 139an 2014 2v 2 Todesopler

T Rohuofte und Abtate

] 20t e Stromer g
gosamten benotigt 1 kWh yewn
bt armecerte (nergi fr dem Abba von RokstoMlen und de Mersteung der
Sotacreten  seene Metate, uind, Cor e
« Owr -
Aame, Sevonden Soreden

Somioten
& ot se

wischen 15 und 37 Rp. peo KR, Der Bau der Krattwerke erfordert relativ Ache
Kesten ud in den etrten 10 Jabeen stark gesusken. Fée die Zukundt wied ein Rickgang der
s b 20 7 12 K3 pro KW erwartet

g

von der

hnn«-unlvM abhangt, g% s Tag-Nacht 1owie saisonale Schwankungen Diese Tag:
Snpepihen

werden [y angepasst

werden muw-»«m.mxmmw

Sev hoher negativer L
Haoer negativer [infaas
MTeres negatives Emfia
Gereger negativer B

(Download at: riskmeter.ch in French, German or English)

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

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

RISKMETER

riskmeter.ch
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-

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

RISKMETER User instructions Technologies References Feedback Login EN DE FR

Select your electricity supply for Your chosen electricity portfolio
2035

LARGE RUN-OF-RIVER HVDROPOWH ”

SMALL HVDROPB«ER

|:| NUCLEAR 2035

Demand is t red
[| sousceusweorovorra

Target demand: 70.0 TWh/year

.
U WING Electricity saving and efficiency: 0.0 r I S k m ete r c h
TWh/year .
DEEP GEOTHERMAL
Total supply: 43.9 TWh/year
I] LARGE GAS POWER PLANTS Net import: 0.0 TWh/year
.[l WOODY BIOMASS Net export: 0.0 TWh/year
D OCRe SUBMIT
1\, gineration
WASTE mcmsnﬂnou [Wastelincinerat

NET IMPORT FROM ABROAD

D ELECTRICITY SAVING AND EFFICIENCY

Reset m show labels

show max potential OFF

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

RENEWABLE ENERGY SYSTEMS UNIVERSITE

DE GENEVE



http://www.riskmeter.ch$/

UNIGE

Methodology: an informed citizen panel RES

At the Workshop
At home [ \ At home

Read . Create the . , .
technology inD;s;lrjsjp preferred D'SClrJSS na Le:tllt ?rI]I
factsheets electricity mix group setie

Informed citizen panel

RISKMETER

riskmeter.ch

11 s o ot - == BEEER- FR

o = = BRI EN

Documenting the evolution of preferences

Source: Volken et al. (2018) Environmental Science & Technology
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Our informed citizen panel

N=46 from the German part of Switzerland (near Zurich)
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)

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

- More educated: 66.7% finished a gymnasium (CH: 40.9%),
40.0% had a Bachelor degree (CH: 16.9%)
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To what extent do you agree with further development of RES

these electricity technologies in Switzerland to 2035?

Before

---------------- Completely agree (7)

»bSolar Cells, 6.0, + 1.4 » &

ab Electricity Savings and Efficiency, 5.5, + 2.1

Large HydroDams, 5.1, + 18w =

Waste Incineration, 4.9, + 1.6 + *
Biogas, 4.8, +20e o
* Wind Power, 4.5, + 2.2
Small Hydro Power, 4.5, + 1.9 »
*Deep geothermal, 4.5, + 2.1 +
*Woody Biomass, 4.5, + 2.0
“Large Run-of-River, 4.3, + 1.9

"""""""" Neither agree nor disagree (4)

*¢Large Natural Gas, 3.4, + 1.8
Netimport, 3.2, + 16 = @

Nuclear, 2.7, + 2.2+ o

---------------- Completely disagree (1)
Source: Volken et al. (2018) Environmental Science & Technology
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p<0.05:

2 before vs. informed

b informed vs. after 4 weeks
®before vs. 4 weeks

&35 UNIVERSITE

& DE GENEVE

10



UNIGE

To what extent do you agree with further development of RES
these electricity technologies in Switzerland to 2035?

Informed panel
(at the end of the workshop)

---------------- Completely agree (7) e L L PR LR

Before

»bSolar Cells, 6.0, + 1.4 »

ab Electricity Savings and Efficiency, 5.5, + 2.1

Large Hydro Dams, 5.1, + 1.8‘

Waste Incineration, 4.9, + 1.6 +
Biogas, 4.8, £ 20 » —
* Wind Power, 4.5, + 2.2 \‘
Small Hydro Power, 4.5, + 1.9
*Deep geothermal, 4.5, + 2.1 +
*Woody Biomass, 4.5, + 2.0
“Large Run-of-River, 4.3, + 1.9

"""""""" Neither agree nor disagree (4)
*¢Large Natural Gas, 3.4, + 1.8
Net Import, 3.2, + 1.6 %
Nuclear, 2.7, + 2.2 */“
‘ p<0.05:

2 before vs. informed
---------------- Completely disagree (1) =--==-=======zceceee binformed vs. after 4 weeks
®before vs. 4 weeks

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

To what extent do you agree with further development of
these electricity technologies in Switzerland to 2035?

Informed panel
(at the end of the workshop)

---------------- Completely agree (7) e L L LT LR

»bSolar Cells, 6.0, + 1.4 » >/ )

ab Electricity Savings and Efficiency, 5.5, + 20

Before

Large Hydro Dams, 5.1, + 1.8‘

Waste Incineration, 4.9, + 1.6 +
Biogas, 4.8, +20e o

*Wind Power, 4.5, + 2.2 \.

Small Hydro Power, 4.5, + 1.9
*Deep geothermal, 4.5, + 2.1 +
*Woody Biomass, 4.5, + 2.0
“Large Run-of-River, 4.3, + 1.9 ‘

"""""""" Neither agree nor disagree (4) ~==--====="~z--~
*¢Large Natural Gas, 3.4, + 1.8
Net Import, 3.2, + 1.6 %
Nuclear, 2.7, + 2,2‘%
p<0.05:
2 before vs. informed

------------- Completely disagree (1) -----=-----cccmocoone b informed vs. after 4 weeks
Source: Volken et al. (2018) Environmental Science & Technology °before vs. 4 weeks
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To what extent do you agree with further development of RES
these electricity technologies in Switzerland to 2035?

Informed panel
Before (at the end of the workshop)

---------------- Completely agree (7) e L L LT LR

»bSolar Cells, 6.0, + 1.4 » >/ )

ab Electricity Savings and Efficiency, 5.5, + 20

Large Hydro Dams, 5.1, + 1.8‘

Waste Incineration, 4.9, + 1.6 +
Biogas, 4.8, +20e o

* Wind Power, 4.5, + 2.2
Small Hydro Power, 4.5, + 1.9

Enhanced Geothermal Systems * Deep geothermal, 4.5, + 2.1
*Woody Biomass, 4.5, + 2.0

“Large Run-of-River, 4.3, + 1.9 ‘

"""""""" Neither agree nor disagree (4)
*¢Large Natural Gas, 3.4, + 1.8
Net Import, 3.2, + 1.6 %
Nuclear, 2.7, + 2,2‘%
p<0.05:
2 before vs. informed

---------------- Completely disagree (1) =--==-=======zceceee binformed vs. after 4 weeks
°before vs. 4 weeks

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

Informed panel
(at the end of the workshop)

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

\ “ SolarCells, 5.9+ 1.4
*»Solar Cells, 6.0, + 1.4 » >/

« Electricity Savings and Efficiency, 5.9+ 1.9
ab Electricity Savings and Efficiency, 5.5, + 20

Before 4 weeks later

“ Waste Incineration, 5.6 £ 1.6

Large Run-of-River, 5.3 + 1.6
= Large Hydro Dams, 5.2+ 1.8

Large Hydro Dams, 5.1, + 1.8‘
Wind Power, 5.1 + 1.9

Waste Incineration, 4.9, + 1.6 +

Biogas, 4.8, £ 20 »

* Wind Power, 4.5, + 2.2

Small Hydro Power, 4.5, + 1.9

Enhanced Geothermal Systems * Deep geothermal, 4.5, + 2.1
*Woody Biomass, 4.5, + 2.0

“Large Run-of-River, 4.3, + 1.9 ‘

~— = Small Hydro Power, 4.7 + 1.7

T—————————— % 4 Biogas, 4.6 + 1.7

Woody Biomass, 4.2 + 1.8
* Deep geothermal, 4.1 + 1.8
"""""""" Neither agree nor disagree (4) ~~-------~ L e

4‘- Net Import, 3.5+ 1.8

4‘- Nuclear,2.9+23

Large Natural Gas, 2.5+ 1.5

*<Large Natural Gas, 3.4, + 1.8
Net Import, 3.2, + 1.6”-» $

Nuclear, 2.7, + 2.2“_—

---------------- Completely disagree (1) -=-========cecccccccccccccccaccccccccccccccccccccccccccccccccacccaccccccccccccccccccccns
Source: Volken et al. (2018) Environmental Science & Technology
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p<0.05:

2 before vs. informed

b informed vs. after 4 weeks
®before vs. 4 weeks
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Average preferred electricity mix of the panel RES

RISKMETER User instructions Technologies References Feedback Login EN DE FR

Select your electricity supply for 2035 Your chosen electricity portfolio

LARGE RUN-OF-RIVER HYDROPOWER I]

SMALL HVDROPOV{R D

| A 1 L
SOLAR CELLS 'HOT{}JLYAIC :
I ! J - J III Large run-of-river
3 hydropower
° Target demand: 70.0 TWh/year
I [] DEEP GEOTHERMAL Electricity saving and efficiency: -3.7
TWh/year
Minimum [] LARGE GAS POWER PLANTS Total supply: 66.9 TWh/year

AR

pOSSIb|e WOODY BIOMASS Net import: 0.9 TWh/year
” Small  Electricity saving
va I ue I HOGAS Net ©pore 0.5 TWhi/year Solar cells hydropower and efficiency
SUBMIT (photovoltaic)

WASTE INC|NEMT+N U

Waste Large gas Net import
IH NET IMPORT FROM ABROAD M . incineration power plants  from abroad
n aximum Niciaa e T Bl vroosy
ELECTRICITY'SAVING AND EFFICIENCY . eothermal
- | 9 . biomass
potentia i
Reset show max potential OFF show labels OFF o9

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

* Informed panel’s preferences differ from those in a
conventional survey

» This is especially the case for new technologies, such as
EGS, for which stable opinions do not yet existing

» More information does not necessarily lead to increased
acceptance

« Adiversified Swiss electricity mix that also includes EGS is
still preferred by the informed panel

Source: Volken et al. (2018) Environmental Science & Technology
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Portfolios in Switzerland and Longer-Term Evaluation of
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Thank you! Please get in touch UNIGE
with questions and comments: RES

Prof. Evelina Trutnevyte
Renewable Energy Systems, University of Geneva

Email: evelina.trutnevyte@unige.ch ﬁﬂﬁ .
Website: www.unige.ch/res . 155 TIATIONAL SEIENCE FOUNDATION

] This work was supported by SNSF Ambizione
Twitter: @etmtnevyte Energy grant No. 160563

RENEWABLE ENERGY SYSTEMS AT UNIVERSITE

& DE GENEVE


mailto:evelina.trutnevyte@unige.ch
http://www.unige.ch/res

