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Hydropower-based 
green hydrogen production
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 Non-cooperative game between 
hydropower plant owner (H2 producer, 
leader) and transportation firm (H2

consumer, follower)

 Trade-offs between electricity trading 
(future electricity contracts & day-ahead) 
and hydrogen production

 The transportation firm aims for an 
optimal and cost-minimized coverage of 
its energy demand and chooses between 
conventional fuels and green hydrogen

Source code available under https://github.com/sebastianzwickl/NoCopHH-mod

Presented at the Applied Energy Symposium MIT A+B; 11.08.2021 - 13.08.2021
Video available under https://www.youtube.com/watch?v=yixhIv0-p8s&t=17s

Numerical example (2020)
 Central Western European wholesale electricity market 

place (EPEX)
 Austrian wholesale electricity market place (EEX)

Bi-level optimization problem
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Hydropower plant resource allocation, electricity production, and 
energy demand provision of the transportation firm
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Source code available under https://github.com/sebastianzwickl/NoCopHH-mod

https://github.com/sebastianzwickl/NoCopHH-mod


Up to a CO2 price of almost 245EUR/t, no hydrogen price is set as 
the leader’s decision (opportunity costs ≤ revenues).
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Source code available under https://github.com/sebastianzwickl/NoCopHH-mod
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H2 annual full-load production hours for different day-ahead 
spot market price increases
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Source code available under https://github.com/sebastianzwickl/NoCopHH-mod
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Distribution grid
decommissioning
at the local level
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 Decommissioning of the natural gas 
distribution grid of an urban 
neighborhood (low temperature heat 
supply)

 Viability of “green” gas is uncertain at the 
end-user device level

 Two alternative decarbonization 
scenarios (electrification and network 
expansion)

 Costs of inaction (e.g., penalties for 
failing to meet climate targets)

Zwickl-Bernhard, S., & Auer, H. (2022). Demystifying natural gas distribution grid decommissioning: An open-source approach 
to local deep decarbonization of urban neighborhoods. Energy, 238, 121805. doi: https://doi.org/10.1016/j.energy.2021.121805

https://doi.org/10.1016/j.energy.2021.121805


End-user cost parity between 2043 and 2046 in the network 
expansion scenario
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Practical example of decommissioning the gas distribution grid in 
Zürich (Switzerland)
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Practical realization timeline

Remove the end-user ‘s device

Remaining value 
compensation payments 
according to date of 
device installation

Submit application for remaining value compensation

Further information can be found under https://www.energie360.ch/de/energie-360/wissen/energieplanung/zuerichnord/

https://www.energie360.ch/de/energie-360/wissen/energieplanung/zuerichnord/


• A CO2 price above 245EUR/t triggers profitability of green hydrogen production from 
hydropower (Central Western European wholesale electricity market)

• Possible stranded assets resulting from decommissioning the gas distribution grid must not 
play a decisive role, especially since the trade-off analyses in this work show that alternative 
scenarios of lower/zero-emission energy service provision are even more economical in the 
longer term since the CO2 price is expected to increase in the next decades

Concluding remarks
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An increasing CO2 price as the key determining parameter leads to improved 
competitiveness and expected profitability of the business case studied. 
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