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Hydrogen use in the European energy system:
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The Global Energy System Model — GENeSYS-MOD
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The openENTRANCE Storylines at a Glance

Smart Society

Climate awareness and activism
Smart services and circulareconomy

Directed Transition
- Strong policy push /

Societal Commitment |
- Willingness of society 15 4

Technology Novelty
Technology disruption and breakthroughs
Zero emission technology achievements
Top-down technology revolution

Gradual
Development

- High technological progress

Gradual Development
- Little of everything

Directed
Transition

4
71.5°C

Policy Exertion
Policy endeavour
Strongactive policy push
Strongincentive-based policies
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Possible Use-Cases for Hydrogen in the openENTRANCE Scenarios
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Model Setup and Specifications of GENeSYS-MOD in openENTRANCE

30 Regions (Mainland-EU, UK,
Switzerland, Norway, Turkey, and the
Balkan region)

Years 2015-2050 in five year steps

Hourly resolution with time-clustering
algorithm

Sectors: Electricity, Buildings, Industry
and Transportation

Pathway dependent features (like
potential of demand shifting, political
climate-targets, or breakthrough of certail
technologies)
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Hydrogen Usage per Pathway — General Results

Hydrogen Usage per Pathway [PJ]
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Hydrogen Usage per Pathway — General Results

Hydrogen Usage per Pathway [PJ]
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Pathway
Directed Transition ® Societal Commitment

Techno-Friendly ® Gradual Development

Societal Commitment: Demand reduction shows
the strongest effect for delaying the hydrogen
demand.

. Increades efficiencies of
hydrogen production lead to more economically
feasible use-cases, even though the overall
amounts are similar to the other pathways.

Directed Transition: Hydrogen is heavily forced
Into the system as a last resort, due to the lack of
the other pathways’ characteristic.

Gradual Development: After a slower ramp-up, the
overall production reaches similar levels at much
higher costs and energy requirements.
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Hydrogen Usage per Pathway — Sector Results

I GENeSYS-MOD 2.9, scenario: Techno-Friendly 1.0, region: Europe, subannual: Year

model: GENeSYS-MOD 2.9, scenario: Societal Commitment 1.0, region: Europe, subannual: Year madel N Eri y q D -
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Depending on the scenario-
based technology
assumptions, hydrogen is
mostly used directly in
transportation or industry

Significant amounts of et S sttt
hydrogen are converted to DT
synthetic natural gas ‘“

GD

Result graphs are from the
openENTRANCE scenario explorer:
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https://data.ece.iiasa.ac.at/openentrance

Current Model Applications: First Conclusions

I.  Hydrogen looks to become an essential contributor to the European energy
transition — but only in difficult-to-decarbonize sectors.

li. Only renewable hydrogen will reduce the carbon footprint of the European
energy system

lii. An EU-wide strategy is required to evaluate the (potentially) limited renewable
hydrogen amounts which could be valuable for many different applications.

Iv. Imports can help significantly with the required hydrogen demands. However,
the entire generation chain has to be properly considered with regards to
economic and technical feasibility as well as socio-political and sustainability
aspects.




Future Research: Einstein Research Project

“Open-source modeling of the future role of renewable hydrogen in Germany and Europe”
funded by the Einstein Foundation Berlin, TU Berlin & DIW Berlin, 2021-2024

Key
Global Gas Model - Hydrogen

GGM-H,

hydrogen market data
[relative prices, capacities]

Global Energy System Model

GENeSYS-MOD
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power sector effects
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v

Dispatch and Investment Evaluation
Tool with Endogenous Renewables

DIETER
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Future Research: Einstein Research Project

Global Gas Model - Hydrogen

GGM-H,

hydrogen market data
[relative prices, capacities]

Global Energy System Model

GENeSYS-MOD
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