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Why a future energy system ? The Energy Trilemma Z-e pse
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Why an efficient future energy system ? p
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« Low-carbon energy transition has many environmental co-benefits

 But also: unwanted side-effects we need to take care of

= Efficiency remains key for the environment (and economics)
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Power-to-X: Pathways to efficient future energy systems = p se
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Sector-coupling as key
to defossilize our societies
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Power-to-What? The efficiency of sector-coupling p

André
Sternberg

08 MWh

W

1MWh surplus electricity

Given 1 MWh of surplus electricity,

which sector
brings the greatest environmental benefit?

Sternberg, Bardow, Energy Environ. Sci., 2015, 8, 389
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Efficie : Given 1 MWh of surplus electricity, pse
which sector

brings the greatest environmental benefit?

reduction in GHG emissions

PR EiHEey = per MWh renewable electrictiy
1 MWh A
Renewable > Power-to-X (P2X) Product Conventional
electrlcty) . J R ]
Y Y
GH Greduction= GH szx - GH Gconv

Er"ZUFICh Pathways to an efficient future energy system Stemberg Und BardOW, Energy EnViron' SCI 08%92325181 339-400



Power to What? p
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Sternberg und Bardow, Energy Environ. Sci., 2015,8, 389-400.

Pathways to an efficient future energy system

ETH:zirich 08.02.2024 10



Power to What? yse
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Sternberg und Bardow, Energy Environ. Sci., 2015,8, 389-400.
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Power to What?
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« Winner: Heat pumps & electric vehicles

= Efficient routes replacing inefficient processes
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Future Electricity Production in CH
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Demand Today
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[1]: BFE Energieperspektiven 2050+, Szenario Zero Basis, https://www.bfe.admin.ch/bfe/en/home/policy/energy-perspectives-2050-plus.html
[2]: JASM (2021). Transformation of the Swiss Energy System for a Net-Zero Greenhouse Gas Emission Society. JASM synthesis report.
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Future Electricity Production in CH
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<> Stromnachfrage [TWh]

« Sector coupling can be better than electricity storage ....

. and will increase electricity demand

- JASNV U . Iranstormation of the SwISS Energy Sysiem 1or a Net-Zero Greennouse Gas Emission Soclety. JASIVI synthesis report.
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Efficiency effects of sector coupling p

Winter Electricity Imports (TWh)
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* Increased electricity demand might require more winter imports

[4]: Swiss Academies of Arts and Sciences. 2022. Swiss Energy System 2050: Pathways to Net Zero CO2 and Security of Supply
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Efficiency effects of sector coupling p

Winter Electricity Imports (TWh) - Net Energy Imports (TWh/y)
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* Increased electricity demand might require more winter imports

[4]: Swiss Academies of Arts and Sciences. 2022. Swiss Energy System 2050: Pathways to Net Zero CO2 and Security of Supply
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Efficiency effects of sector coupling p

Net Energy Imports (TWh/y)

250
I»-)- 2019
200 +
150
100
with »- with D~
! )
50 @®
% ITE—— @
®
0 ®
B SES STEM EP2050+ Current report
ETH PSI BFE
_— 1
JASM

* Increased electricity demand might require more winter imports

« Sector coupling more than halves energy imports

[4]: Swiss Academies of Arts and Sciences. 2022. Swiss Energy System 2050: Pathways to Net Zero CO2 and Security of Supply
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Sector coupling yields new flexibility = pseﬁ
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increasing industrial flexibility

ﬂ

Florian
Baader

« Swiss industry could reduce its energy cost by up to 20%

« Thermal Energy Storage could harvest up to 60% of this potential

Mayer et al., submitted
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ng No means saying Yes to somethin




Saying No means saying Yes to something else p
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runs (compare to Figure 3) H H H HHH

> Steps are shown for the case of m = 2 assumptions on prices, availabilities, etc. Florian
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M

Step 1: Clustering Step 2: Decision tree Step 3: Re-ordering 5
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Decision trees for the Energy Transition

Software Available on GitHub: https://www.gitlab.ethz.ch/epse/systems-design-public/decide/ Baader, Moret et al., submitted
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Biomass in the Swiss energy transition
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Wiest et al., ESCAPE/PSE 2024, accepted
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Biomass in the Swiss energy transition
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Low-regret Pathways for the Energy Transition
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« Several low-regret uses of biomass

* Must avoid: biomass for low-temperature heat

Wiest et al., ESCAPE/PSE 2024, accepted
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