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Introduction: 

Modelling of hydrogen valleys to optimise 

plant locations and assess transport demands
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Motivation
Hydrogen Valleys as Stepstones Towards an Integrated Hydrogen Economy

▪ Hydrogen economies need to develop locally and to 

some degree independently until grids are 

available (in some regions never)

▪ Simultaneous built-up of production, application 

and distribution

▪ Hydrogen valleys can function as role models with 

excellent corporation in a manageable environment

▪ When, where and in what size needs the supply 

chain to be developed? What are influencing factors? 

What might become stranded assets?

▪ Sophisticated modelling as key planning tool

→Development of modelling environment 

HYSCOPE
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Hydrogen valley characterization
Clean Hydrogen Partnership, EU
https://www.clean-hydrogen.europa.eu/get-involved/hydrogen-valleys_en
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Geo-Techno-Economic Assessment with HYSCOPE
Methodology 

Internal Database for technical 
and economical parameters for 
system components (Efficiencies, 
Capex, Opex, etc.)

Market price projections for 
import and export of electricity 
or hydrogen

Scenario definition for 
transformation of the local 
hydrogen economy

Generation of annual wind and solar 
timeseries based on satellite and reanalysis 
data, hydrogen demand timeseries 
based on sector profiles

Complete hydrogen production and supply 
chains (RE, electrolysis, compression & storage, 
transport,…)

System optimization using Covariance-Matrix 
Adaptation – Evolutionary Strategy (CMA-ES) [2]
to solve complex problems with many variables

Dynamic, nonlinear modelling of representative 
year in (sub)hourly resolution

Region-wide management hierarchy for plant 
operation and exchange of electricity / hydrogen 
reacting to changing supply, demand, storage levels 
and market prices

Data Input Preparing System Optimization

Key performance indicators: levelized 
costs of hydrogen (EUR/kg), total 
investment costs, overall system efficiency, 
full load hours, cost structure of product, 
import and export demands

Supply chain design in the cost 
optimum, e.g., optimized locations and 
sizes of wind, solar, and electrolysis, 
intermediate hydrogen storage, selected 
transport technology for each link, etc.

Result Output

GIS analysis of 
hydrogen valleys to 
consider all 
relevant local 
conditions (land 
availability, H2 
offtaker, RE plants 
&  potentials, gas 
infrastructure, road 
& railway networks, 
electrolysis projects)

Optimization Algorithm

Handover of 
parameters

Results
(EUR/kg)

ESRI satellite

                                

                        

                              

                  

             

                          

               

                          

Clustering for 
spatial 
resolution [1]

Derivation of 
weighted 
centroids as 
nodes for 
optimization, 
intercluster 
relations 
(distances & 
times)

[1] Mendler F, Koch B, Meißner B, Voglstätter C, Smolinka T. Evaluation of spatial clustering methods 
     for regionalisation of hydrogen ecosystems. Energy Strategy Reviews 57: 101627, 2025.

[2] Hansen N. The CMA Evolution Strategy: A Tutorial, 2016. http://arxiv.org/pdf/1604.00772.

Further details in 
Advances in 

Applied Energy

https://doi.org/10.1016/j.
adapen.2025.100207
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Geo-Techno-Economic Assessment with HYSCOPE
Modelled Technology Chain
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Case Studies & Results
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Southern Upper Rhine Region
Autarkic Hydrogen Production (no Backbone)
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2030

autarkic 
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production, 

no backbone 
available
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Input 
Geodata
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Southern Upper Rhine Region
Backbone Available, Imports Possible (∅ 6.34 €/kg)
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Electrolysis in 

planning, set as 
lower boundary in 

optimisation

2030

autarkic 

hydrogen 

production, 

no backbone 

available

2030

hydrogen 
backbone 

available, 

average 
import price 

6.34 €/kg
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Ostwestfalen-Lippe
Autarkic Hydrogen Production (no Backbone)
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Ostwestfalen-Lippe
Backbone Available, Exports Possible (∅ 5.67 €/kg)
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2030

hydrogen 
backbone 

available, 

average 
export price  

5.67 €/kg

2030

autarkic 

hydrogen 

production, 

no backbone 

available
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Conclusion & Outlook
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Conclusion & Outlook
The Potential of the GTEA for Hydrogen Valleys

HYSCOPE offers results for:

▪ Optimisation of location and sizing of plants, electricity supply, transport vectors for electricity and 

hydrogen, share of imports and export, …

▪ Assess relevance of hydrogen backbone and the risk of stranded assets

Regional differences in suitability for local hydrogen production:

▪ Southern Upper Rhine: import more cost-competitive than local production, replacement of local electrolysis

▪ Depending on electricity costs, especially for hydropower

▪ Ostwestfalen-Lippe: great wind power potential enables hydrogen export

What comes next?

▪ Combine with local valley projects, to improve input data and address questions of local stakeholders

▪ Hydrogen valley in trinational region Germany-France-Switzerland in preparation
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Thank you for your attention!
—
Dipl.Ing. Friedrich Mendler

Group Hydrogen Infrastructure and Technical System Analysis (HTS)

Division Hydrogen Technologies
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