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Modelling the European energy.
transition in the context of social
and political developments
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How can the energy transition in Europe
look like in the context of social and
political developments?
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Energy system model
REMod
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Scenarios
Description

Green Deal National Interests
Cost-optimal

international cooperation

no geopolitical/societal disruptions

Limited international cooperation
powerful national actors

=~ Energy Autonomy Green Consciousness
RO

Decrease geopolitical dependencies Public awareness for climate mitigation
3 5 limit new dependencies and environment
strategical reindustrialisation reduction of energy demand
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Scenarios
Parametrisation

Green National Energy Green
Deal Interests Autonomy Consciousness
Energy demand Projections +25% industry Overall decrease
(=15% reduction)
Nuclear power Optimized Forced in No expansion
some states
End-use sectors Optimized |ICE-cars forced
IN some states
Grid expansion (H,  Optimized Max 0.1GW/yr
and electricity) per interconnector
Import potential H, 2 000 TWh H,, 10% of Green Deal  50% of Green Deal

and derivatives 2050 1140 TWh liquids
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Overall energy system
Scenario Green Deal

1750

1500
Wind

Solar

Gas Power
Hydrogen Power
Electrolysis "1 7

1250

1000

— 10 GW Electricity network
mmmm 30 GW Electricity network
--- 10 GW Hydrogen network
B 100 GW Hydrogen network

- 750
21 s " : St - 500

- 250

(0)]

Final Energy Demand Density 2050 [TWh / (mill km”2)]



Electricity Generation
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Primary Energy cea autonomy
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Primary Energy — per States
Green Deal Scenario
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Electricity and Environmental Heat [%]

End-use electrification and hydrogen

Per sector
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Final Energy Share [%]

Final Energy — per state
Green Deal Scenario
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Key take aways

= Sector-Coupled, long-term energy system applied to Europe
* Transformation pathways on member state level
= Electrification key strategy in all scenarios

» Further evaluation on scenario differences needed
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Improving the simulation-based optimization
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Energiesystemmodell REMod
g . y . . . . . Pres = Pdemand = Psupply
Modelllogik: Simulationsbasierte Optimierung
|
Optimisation Exchange electricity with different regions
Optimisation algorithm:
sampling of
solution population
Optimisation
variables
Input data:
techno-economic, Interpolate to:
potentials, etc. (Nregions * Ntech * Ntrans) Total energy
vens system costs
0 timisati = - H
i Discharge electric storages Charge electric storages
(stationary, mobile, pumped (stationary, mobile, pumped
Simulation storage pp) storage pp)
. Calculate
Transformahc_)p path: total energy . .
il system costs Run flexible power plants Run power-to-X technologies
technologies from (biogas, hydrogen, (hydrogen, methane, liquid fuel,
optimisation variables . .
Expansion path coal, import) heat) and export
for technologie;
Expansion path enepmg}:gst::np:on.
for technologies CO2-emissions
L e Run backup gas turbines Curtailment of renewable
run operating management hierarchy (hydrogen or methane) generation
and calculate energy balance for each
hour
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