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Motivation: Germany‘s Electricity Generation in November 2025
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[1] Agora Energiewende: Agorameter, available: https://www.agora-energiewende.org/data-tools/agorameter/live/chart/power_generation/02.11.2025/15.11.2025/hourly
(accessed 17.11.2025)

[2] Statistisches Bundesamt, 2025, available: https://www.destatis.de/DE/Presse/Pressemitteilungen/2025/03/PD25_091_43312.html (accessed 17.11.2025)

 2024: 59.4% renewable share in electricity generation [2]
 Transformation towards renewable-based system will increase effects of peaks and lulls
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Research Questions
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 Are peaks and lulls of renewable electricity generation a risk for security of 
 supply in sector integrated energy systems?  

 What are optimal operational strategies to deal with such situations?



Methods: ETHOS.Infrastructure German Energy System Model [1],[2]
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Scenario definition: Net-zero emissions in 2045 & Synthetic cold dark lull of two weeks included in January
[1] T. M. Groß, “Multiregionales Energiesystemmodell mit Fokus auf Infrastrukturen,” RWTH Aachen University, 2022. doi: 10.18154/RWTH-2023-01485.

[2] T. Busch et. al., “The role of liquid hydrogen in integrated energy systems–A case study for Germany,” International Journal of Hydrogen Energy, 
2023, doi: 10.1016/j.ijhydene.2023.05.308.



Optimization Results: German Electricity Sector in the Year 2045
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Optimization Results: Electricity Generation & Demand 2045
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Optimization Results: Electricity Generation & Demand 2045
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Ordering by variable renewable 
energy (VRE) supply



Optimization Results: Ordered Electrical Load 2045
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Optimization Results: Electricity Generation & Demand 2045
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Identifying operation regimes



Operation Regimes
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Harvesting period: Flexible demand utilizes inflexible renewable energy

 Transition period: Renewables & flexible supply options cover inflexible demand

 Dark lull: Flexible supply options cover inflexible demand



Optimization Results: Electricity Generation & Demand 2045
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Inflexible residual load = 
|Inflexible load| - |Inflexible supply|



Harvesting and Resilience Peak Load Concepts
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 Dual peaks in sector-integrated, renewable energy systems
 Different operation strategies needed



Harvesting Peak Load
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Resilience Peak Load
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Curtailment of Renewable Energy
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Sensitivity Analysis: Minimum of 8000 FLH for Electrolyzers
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Conclusions

 Curtailment of some renewable energy is cost-optimal, even with flexible electricity demand 

 Harvesting peak load is not critical for security of supply & is utilized by flexible sector coupling 
technologies as much as possible

 Dark lull is critical for security of supply & defines required capacity of flexible power plants and 
long-term energy storage

 Energy system planning should consider dark lulls to ensure a resilient energy system design

 Flexibility of electricity demand is key for optimal operation strategies and should be incentivized 
by policymakers and system planners
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Thank you for your attention!

For further questions, please contact:
Dr.-Ing. Thomas Schöb
+49(0)171 4979702
t.schoeb@fz-juelich.de

Project DacStorE
go.fzj.de/dacstore

H2 Atlas Africa
go.fzj.de/h2africa

Profile
go.fzj.de/ 
JuelichSystemsAnalysis

Publications
go.fzj.de/ice2_publications

GHG net zero scenario
go.fzj.de/ksg45

LinkedIn
go.fzj.de/linkedin-ice-2
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