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Fur heute

« Die Zukunft des europaischen Stromsektors und warum die
Marktintegration wichtig ist

* Die Bedeutung der Integration fur die Schweiz und eine nicht-
technische Herausforderung



70 % Emissionsreduktion im europaischen Stromsektor bis 2035 (1)

Frozen (~wie vorher)

Minimum
system
costs

generation

and storage
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Technologies Generation capacities
@ Wind (onshore) @ Woody biomass Geothermal @ Lignite
@ Wind (offshore) @ Waste @ Nuclear @ Pumped hydro 200 GW
Solar (roof) @ Hydro dams ® Gas Battery 100 GW
Solar (open) Hydro run-of-river @ Oil Hydrogen
@ Biogas Small hydropower @ Hard coal @ 106w

Source: Sasse & Trutnevyte (2023) Nature Communications



70 % Emissionsreduktion im europaischen Stromsektor bis 2035 (2)
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Source: Sasse & Trutnevyte (2023) Nature Communications *MGA — Modeling to Generate Scenarios



Erwartete Entwicklung in Europa

Solar-PV in Deutschland
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Erwartete Entwicklung in Europa: Solar-PV
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Onshore wind power [GW]

Erwartete Entwicklung in Europa: Onshore-Windenergie
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Hohe Kosten der Isolation in einem System mit
hohem Anteil erneuerbarer Energien
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Kosten fur die Vorbereitung auf die Auswirkungen
des Klimawandels

Demand-side
response

Integration

Speicher

Verbesserte
thermische

- UK

- Finland

-
(00}

i

17

—-—
(o))

10

11

14

17

=

S

> Senkung der durchschnittlichen £ 2

© @ o . o ©

£ § 5 Kosten durch diese Massnahme B

© O x C i 9 —
EBx E bis 2060, % . .

L1 11 ﬁ__ 29

ﬂ 8 9 6 3% Extremwetter 6 5

'3 2 2 3 normal ﬁg 26

ﬁ 27 20 11 10 extrem 5 5
i - -

1 1 4 4 normal — 27| 17

-— 0 0 0 2 extrem 2 3

o o o o normal nﬁ; il 25

= 19 8 6 3 extrem 3 3

o o 2 3 nhormal All 29

6 6

Source: Zheng et al. (2025) Nature

18

21

extrem
normal
extrem
normal
extrem
normal
extrem
normal
extrem

normal



SWEET EDGE Renewable Energy Outlooks
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Renewable Energy Outlook 2024 (UNIGE, ETHZ, EPFL, UNIBE)
e 17 TWh, 25 TWh, und 35 TWh Ziele flr neue erneuerbare

Stromerzeugung in 2035

Renewable Energy Outlook Il 2025 (ETHZ, UNIGE, EPFL, ZHAW, UNIBE)
* 45TWh Ziel und 5 TWh Ziel auf Netto-Winterimporte in 2050, mit und
ohne Beschrankungen auf europaische Marktintegration

Renewable Energy Outlook I1l 2026 (UNIGE, ETHZ, EPFL, ZHAW)

 Hoher Anteil an erneuerbarer Stromerzeugung in der Schweiz mit
Blick auf Entwicklungen dezentraler und zentraler Erzeugung in
Europa und der Schweiz, einschlielSlich Atomkraft




Modell-Gegenvergleich (model inter-comparison)

Raumliche Details

Systemabdeckung

< >
Nexus-e Ziel:
(ETH Zurich) e Das robustere und
vollstandigere Beantworten
EXPANSE politisch relevanter
(UNIGE) Fragestellungen

(EPFL)

e Konsens Uber
Modellunterschiede hinweg
zu identifizieren

Quelle: Renewable Energy Outlook |



Renewable Energy Outlook I: 35 TWh Ziel und Strombedarf

Sensitivitat

Jahrlicher Anteil

Annual generation and net import in 2035, TWh/year
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Erzeugung

Hydropower
Solar PV

Wind power
Biomass and wate

m Gas

Focus on Focus on PV

diversity

with
batteries

Focus on
productivity

Net import

-3.7 TWh/Jahr

-4.1 TWh/Jahr
-3.2 TWh/Jahr
-1.9 TWh/Jahr

Endstrombedarf:
61.2 TWh/year

Nettoimporte:
Fokus auf Diversitat
Fokus auf PV mit Batterien
Fokus auf Produktivitat

+5.6 TWh/Jahr

+6.6 TWh/Jahr
+5.9 TWh/Jahr
+3.4 TWh/Jahr

Quelle: Renewable Energy Outlook |



Renewable Energy Outlook ll: 45TWh Ziel in 2050
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Quelle: Ambra van Liedekerke and Renewable Energy Outlook II




- Renewable Energy Outlook Il: 45TWh Ziel in 2050
und Integrationsbeschrankung
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Quelle: Ambra van Liedekerke and Renewable Energy Outlook II
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Renewable Energy Outlook ll: 45TWh Ziel in 2050
und Integrationsbeschrankung

Eine begrenzte Marktintegration fihrt zu hoheren Systemkosten, hoheren Strommargenpreisen
und einer geringeren Nutzung von erneuerbaren Anlagen, einschliesslich
Pumpspeicherkraftwerken

= Jahrliche Nettoimporte nehmen zu, hauptsachlich wegen beschrankten Export-Moglichkeiten im
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Quelle: Ambra van Liedekerke and Renewable Energy Outlook II



Renewable Energy Outlook Il: 5§ TWh Winterziel

= Das Beschranken von Netto-Winterimporten erhoht Stromversorgungskosten und Strompreise,

hat negative Auswirkungen auf den Betrieb von Pumpspeicherkraftwerken, und erhoht den
Bedarf an Windkraft und Gas
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Nicht-technische Herausforderung: Praferenzen

Stromimport

Gas

Atom
Freiflachen-PV
Kleine Wasserkraft
Wind

Geothermie
Biomasse

Grosse Wasserkraft
PV auf Gebauden

Quelle: Isabelle Stadelmann-Steffen and Renewable Energy Outlook |
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Net import from abroad

Swiss electricty gid is connected with the grds of
France, Germany, Austria, Italy, and Uichtenstein.
Electricity i being imported to and exported from
Switzerland every day based on the differences
between countries in terms of electriity price,
demand, and amounts of generated electricty
Looking throughout one year, Swizerland could
import more electricity from abroad than It exparts. This would lead
it to cover partsof its

term, less power plants

N=46

Genf, 2019
N=33

Net import from abroad

Impact on landscape and land use

impact on land use pends on where this el

‘comes from. This impact would not occur in Switzerland. The land use is

low in France due to nuclear power. The land use is moderate in Germany and

Stuatontodsy
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amounts, howeve,chage from yeartoyear

Situation in the future
(D Mecsamsethow s ors tcrics coveior
from Switterand nprincile depend on fture deciions to
capacity ofgrid connections, Energy analsis bave sofa consdered ¢
W pr year 35 the maxim for over 3 millon households
" A Capacity of grid connections.
[ eicctricty exchange with the other countries can be flexbly
Gecreased. Cumenty, 60% of imports come from France, 26
from Austrs, and 2% rom taly. How much electricy i actusly impe
oo
Impacton cimate change by imported ciectricty depends <
comes from.  the whole supply chan  accounted, the ave
from France emits 60 gams of O,y (mainly nuciear),from Germany
€35 power) from Austia 170 grams (maily ycko power), and from
coslpomer
o, "ot onioclsi plion

electricity comes from. This impact would not occur in Switi
supply chain is aceounted, the average unit of electricity from France
Phjony per KW, from Germany over 4,000 milligrams, from Austria 7
italy 1,

dioxide

Italy because dominating coal and gas plants require only medium amounts of land. The land
use forelectrcity poduction s reltively highn Austria e 1o high shae of mdropower
Impact on flora and fauna
£ impact o flora and tauna by pends on where th
comes from, Ths ot oceur Allneighd
ety o2 arge share on power plants that have significant effects on flora and fauna, such as
nuclear power in France (land loss, thermal water pollution), coal and gas plants in Germany
and Rtaly (leading to land loss, pollution, air pollution), in
Austria (land loss, aquatic flora and fauna).
‘Accdenial impacts
pacts by pend on where this electrcty comes
from. France relies on nuclear power with one fatality at every 1,200 billion kWh.
Both Germany and Italy rely on coal and gas power plants, for which one fatality is estimated
10 occur on average for every 70 billion kWh (coal) or 120 billion kWh (gas) of electricity
generated. Austria has a large share of hydropower plants with one fatality at 3,000 billion
Wh. When a tpical accident occurs i these plants, it can ead to a very large number of
fataiies and hgh cconomic damage though. Thi impact would not occur i Switzerand.
4= Resource use and waste
o S —
‘electricity comes from. Primarily nuclear electricity from France requires non-
renewable uranium and contributes to the stock of adioactive waste. Eectricty from

Germany and italy amounts of of coal and
natural gas that both also leave significant amounts of waste. The impact of electricity from
Austria is toa large share P

poc o
o Tt mpat ikt S Swiairan o
o by ot s e, s i st by

Electricity costs
P T oo mcrtsd sty dependon th oy rom i the sty
is imported. Currently, the electricity from France on average costs about 5 Rp. Per
KWh, Rp. per kWh, fi tria about 4 Rp. per kWh, and from italy
about 6 Rp. per kWh. The future costs will depend on strategic decisions about the electricity
generation mix in these countries.
Electricity supply reliability
Electricity import from abroad is a reliable and steady electricity source that can be
used flexibly to contribute to the Swiss electricity needs and to benefit from
difference in electricity generation costs. As electricity generation in the neighboring
countries is subject to the strategic decisions of every individual country, relying to a larger
extent on electricity imports in Switzerland also means relying on strategic decisions
elsewhere too.

Quelle: Dubois et al. (2019) Energies, Volken et al. (2018) ES& T

Zurich, 2018
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Zusammenfassung

 Die Zukunft des europaischen Stromsektors und warum die Marktintegration wichtig ist

Europa ist auf dem Weg zu einem hohen Anteil erneuerbarer Energien an der Stromerzeugung

EB)ieI Marktintegration senkt die Gesamtsystemkosten sowohl fur die Versorgung als auch far
alancing

Die Marktintegration ist die kosteneffizienteste Massnahme, um auf extreme Wetterereignisse
aufgrund des Klimawandels zu reagieren

« Die Bedeutung der Integration fur die Schweiz und eine nicht-technische Herausforderung

Die Marktintegration ist entscheidend fur die Anpassung an kunftige Unsicherheiten bei der
Stromnachfrage

Einschrankungen der Marktintegration wirden die Kosten und Preise des Stromsystems
erhohen und zu einem Anstieg der Nettoimporte fuhren

Die Vorteile der Strommarktintegration sollten wiederholt und so breit wie moglich o
kommuniziert werden, da die Akzeptanz von Importen in der Offentlichkeit ausserst gering ist
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