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ETS in Switzerland and CO2 levy on thermal fuels of 12 CHF/tCO2
Negotiations for linking Swiss-EU ETS

CO2 levy to 36 CHF/tCO2

CO2 levy to 60 CHF/tCO2

CO2 levy to 84 CHF/tCO2

CO2 levy to 96 CHF/tCO2

Link Swiss-EU ETS
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BS Evolution of CO2 emissions in Switzerland, Mt/yr.

(from fuel combustion and industrial processes, excluding international aviation)
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Key challenges in Swiss transition to low carbon energy system:

Limited renewables resources

Seasonal balancing issues in electricity supply
Domestic CO2 storage uncertainties
Maintaining energy security

Maintaining a carbon-free electricity
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Milestones in the Swiss long-term energy and climate policy
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Asessing the Swiss transition (SCCER JASM project, 2017-2020)

The Swiss Competence Centres for Energy Research (SCCERs) programme:
- 250 MCHF for 2013-2020 to 8 challenges related to the Swiss energy transition :
buildings, industry, mobility, grids, electricity, bioenergy, storage, society
SCCER Joint Activity Scenarios and Modelling (~5.6 MCHF) is a cross-SCCER activity to assess net-zero pathways
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Confédération suisse
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(5 The Swiss TIMES Energy systems Model (STEM)
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wsaea s INET-2ero CO2 emissions in 2050 is technically feasible for Switzerland

|_,‘_: (results from the net-zero core scenario in JASM with STEM)
Today 2030 2050
12% Heat Pumps in 35% Heat Pumps in 75% Heat Pumps in
total heat demand total heat demand total heat demand
15% EVs in car sales 38% EVs in car sales 83% EVs in car stock
40
3 GW solar PV 8 GW solar PV 27 GW solar PV
35
Industry 5 TWh net imports 11 TWh hydrogen
30 of zero-carbon fuels 6 Mt CO2 captured
5 3 Mt CO2 captured
Swiss CO2
emissions 20 15 TWh net imports
Transport of zero-carbon fuels
(Mt/yr) .
]O . . .
Residential and Services
5
G Energy sector
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2020 2030 2040 2050

Panos, E., Kober, T, Kannan, R., Hirschberg, S. (2021). Long Term Energy System Transformation Pathways — Integrated Scenario Analysis with STEM. SCCER JASM STEM Report https://doi.org/10.3929/ethz-b-000509023  Page 6
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Towards a 2000 Watt society, powered by electricity

Final energy consumption, PJ/yr

(excl. international aviation)
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Renewables

District Heating

Electricity

Biofuels/Synfuels/H2
Fossil fuels

Per capita consumption in 2050 -55% from 2000
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Electricity demand by sector, TWh/yr.
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Electric cars alone need 7.5 TWh electricity in 2050

Panos, E., Kober, T, Kannan, R., Hirschberg, S. (2021). Long Term Energy System Transformation Pathways - Integrated Scenario Analysis with STEM. SCCER JASM STEM Report https://doi.org/10.3929/ethz-b-000509023  Page 7
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Electricity generation, TWh/yr.
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B Net imports

W Storage (out)

= Hydrogen

m Wind/solar
Thermal

W Nuclear

W Hydro

m Electricity generation becomes more weather-dependent

Production shifts towards lower grid levels

CC(U)S to waste incineration installations

Avoidance of substantial electricity imports

Flexibility through electricity trade

System flexibility is also provided by coordinated
deployment of several options, beyond electricity sector

Panos, E., Kober, T, Kannan, R., Hirschberg, S. (2021). Long Term Energy System Transformation Pathways - Integrated Scenario Analysis with STEM. SCCER JASM STEM Report https://doi.org/10.3929/ethz-b-000509023  Page 8
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BS Seasonal and intraday imbalances call for flexibility options

Electricity balance per season in 2050, TWh Deployment of energy system flexibility options in 2050:
25 Flexibility option Deployment (capacity)
mV2G
0 Pump storage 3.5GW , 240 GWh
. Electrolysers (in) Stationary batteries 2.1GW , 11.5 GWh
15
W Storages (net) Thermal storage 58GW , 35GWh
10 Thermal storage (seasonal) 1.4 TWh
M Net Imports
5 l H2 storage (seasonal) 1.6 TWh
m Wind/Solar
: : output 0.5 TWh
0 =l — Wil (o St (26 (from 13% of the electric cars)
Thermal
-5 -7 FCR+ reserve demand +45% from 2020 (624 MW)
W Hydro . . .
10 Electricity shifts (DSM) in

10% of demand (5.5 TWh)

Autumn Winter Spring Summer industry, services, residential

Panos, E., Kober, T, Kannan, R., Hirschberg, S. (2021). Long Term Energy System Transformation Pathways — Integrated Scenario Analysis with STEM. SCCER JASM STEM Report https://doi.org/10.3929/ethz-b-000509023 ~ Page 9
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BS CC(U)S and negative emissions essential to net-zero for CH

Negative Emissions MtCO,

4.0 .
8% Direct Air Captured from electricity
35 ' Capture production: 3.2 Mt CO2
3.0 Biofuel ?
16 p'roduction Total Captured: 8.6 Mt CO2 CO2 exported/traded
25 63Mmtco2 f§ ©
, . Captured from industry :
2.0 Biomass in 27 Mt CO2
hydrogen
15 0.8
Biomass in .
1.0 electricity Captured from H2 production : 2.4 Mt CO2 CO2 domestically
12 sequestrated: 2.1 Mt CO2
0.5 :

B Waste plants

0.0 B Captured from biofuels production: 0.2 Mt CO2 CO2 Utilised in fuel synthesis: 0.2 Mt CO2 B
= Direct air capture: 0.1 Mt CO2
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BE «Price tags» of the Swiss energy transition to net-zero in 2050

07.03.21 ____

Average annual per-capita energy system cost 2020-2050
to achieve net-zero emissions (CHF/yr)

Limited deployment of renewables 840
and weak market integration

expensive energy saving measures
and production of domestic clean fuels

320 01.09.21

@ugescAnseiger

Net-zero core scenario

lower capital costs and balanced

deployment of low-carbon options

Das braucht es fiir eine
klimaneutrale Schweiz ohne

4—

Technical innovation and P
. . 190 Bis 2050 sollen nur noch E-Autos
strong market integration abgeschaitatsein, Dos bedaute
vor allem eines: Wir brauchen

mehr Strom. Woher soll der
kommen?
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= Conclusions

Achieving the net-zero ambition is technically feasible, but requires coordinated efforts across all
sectors and access to international energy markets in order to limit the associated costs

— Requires scaling up clean energy technologies
— Electricity is a key energy carrier but alone cannot decarbonize the entire energy system
— Fostering innovation in electrification, hydrogen, bioenergy and CCS is essential

When it comes to national analyses:
— improve the “realism” of the modelled pathways, especially at national scales
— scale down pathways to identify local constraints and best-fit local decarbonisation solutions
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)= Wir schaffen Wissen — heute fir morgen
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