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Research questions and contribution

Optimal supply chains and power sector benefits of green hydrogen

Sector coupling as a strategy to

• (i) decarbonize other sectors

• (ii) provide flexibility to the power sector 

→ potentially useful for integration of variable renewable energy sources

→ often under-represented in energy models

→ cp. López Prol & Schill 2021, Annual Reviews of Resource Economics, 

doi: 10.1146/annurev-resource-101620-081246

Focus here: green hydrogen

• Domestic (German) H2 production and distribution, use for fuel-cell electric vehicles

We determine least-cost hydrogen supply chains

• Considering differences in energy efficiency, investment costs, and storage capabilities

• Considering electricity sector interactions→main contribution
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Model: extension of DIETER

Optimal supply chains and power sector benefits of green hydrogen

This calls for a numerical model

• Extension of open-source model DIETER: https://gitlab.com/diw-evu/dieter_public

• Here, co-optimization of power and hydrogen sector https://gitlab.com/diw-

evu/dieter_public/dietergms/-/tree/1.4.0, or https://doi.org/10.5281/zenodo.3693306

New hydrogen module

• Four channels for distributing H2 to filling stations

• On-site (decentralized) electrolysis

• Central + gaseous H2

• Central + liquified H2

• Central + LOHC

Applied to 2030 scenario for Germany

• RES shares between 65% and 80%

• Hydrogen demand: 0, 5%, 10%, 25% of passenger road traffic (0, 9, 18, 45 TWhH2)
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2 Overview of hydrogen supply chains in the model
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→We do not investigate all channels in 
one model run, but combinations of each
centralized with the decentralized channel



Results: hydrogen supply chains and H2 supply costs3

Low RES share, low H2 demand:
• Not much need for additional flexibility
• Decentralised H2 supply dominant because

high energy efficiency matters most



Results: hydrogen supply chains and H2 supply costs3

High RES share, low H2 demand:
• Higher renewable surplus generation
• Temporal flexibility more beneficial
• LH2 (and LOHC) allow cheaper longer-term storage



Results: hydrogen supply chains and H2 supply costs3

High H2 demand:
• LH2 again most beneficial
• GH2: high storage and transportation costs



Effects on generation capacity (vs. baseline without hydrogen)4

→ Larger effects with growing hydrogen 
demand

→ Smaller effects with growing RES 
penetration (better utilization)

→ Hydrogen favors PV deployment



Effects on yearly generation and curtailment (vs. baseline w/o hydrogen)4

→ Flexible H2 supply chains integrate RES that
would otherwise be curtailed

→ LOHC has the largest capability for this

→ „Mixed blessing of flexibility“:
also helps integrating lignite



Two complementary metrics of CO2 emission intensity
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Additional System Emission Intensity of Hydrogen (ASEIH)

Average Provision Emission Intensity of Hydrogen (APEIH)

→ Increase with
RES share
(lignite effect)

→ Decrease with
RES share



Two complementary hydrogen cost metrics
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Average Provision Costs of Hydrogen (APCH)

Difference between APCH and Additional System Costs of Hydrogen

→ Slight increase
with demand

→ ASCH much
smaller for high 
RES shares



Effects of hydrogen on system costs of electricity (vs. baseline w/o hydrogen)
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→ Benefits increase with RES shares because of better use of surpluses



Sensitivity analyses (Supplementary Information)

Optimal supply chains and power sector benefits of green hydrogen

Effects of central parameter assumptions

• Lower transportation distances: GH2 and LOHC relatively improve

• Cavern storage: GH2 becomes dominant

• LOHC would benefit from free waste heat, existing transportation and storage infrastructure

Schill, October 12, 2021

4



Summary and conclusion

Optimal supply chains and power sector benefits of green hydrogen

Trade-off between energy efficiency and temporal flexibility

• Energy-efficient decentral electrolysis optimal for lower RES shares

• Less energy-efficient but more flexible centralized electrolysis better for higher RES shares

Possible co-benefits of green H2 for RES integration

• Depend on storage capability of supply chain

• „Mixed blessing“: additional flexibility may also benefit dirty generators

• Different cost metrics raise complementary insights

Limitations

• Results driven by renewable surplus, no competing sector coupling options

• Limits to RES capacity deployment in Germany (and Europe)

• Hydrogen imports: export of power sectors benefits
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Want to read the full paper?
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Ongoing and future work on green hydrogen

Some aspects we are interested in

• Reconversion to electricity in settings with high VRE shares

• Include PtG and PtL

• Road transport: 

E-trucks vs. H2-trucks vs. E-Fuel-Trucks

• Interactions with other sector coupling

• Coupling to global hydrogen model
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Data and scenarios

Optimal supply chains and power sector benefits of green hydrogen

Electricity sector

• Brownfield scenario for 2030

• Capacities bounded by current grid

development plan (NEP)

• Maximum investment into thermal 

plants, minimum investments into

renewables and storage

• Time series provided by Open 

Power System Data & ENTSO-E

• Exogenous minimum renewables

share of 65%, 70%, 75%, 80%
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Hydrogen infrastructure

• Fully „greenfield“

• H2 demand for mobility: 0, 5%, 10%, 25% of passenger road traffic in Germany (0, 9, 18, 45 TWhH2)

• General assumptions: each fuel station can only offer H2 from one channel

Lignite; 9.3 GW

Hard coal; 9.8 GW

CCGT; 17.6 GW

OCGT; 17.6 GW

Oil; 3.2 GW

Other; 4.1 GW

Run-of-river; …

Biomass; 6.89 GW

Wind onshore; 81.5 GWWind offshore; 
17.0 GW

PV; 91.3 GW

Pumped-hydro storage; 9.5 GW

Lithium-ion batteries; 2.0 GW

https://www.netzentwicklungsplan.de/de/netzentwicklungsplaene/netzentwicklungsplan-2030-2019
https://doi.org/10.1016/j.apenergy.2018.11.097

