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Required infrastructure to supply 

stakeholders with hydrogen

TransHyDE-Sys – Energy System Analysis with Different 

Perspectives

⌝ Properties of infrastructure optimization model 
InfraInt 

⌝ First results for an optimized pipeline 
infrastructure based on „Best Estimate“ scenario

⌝ Comparison with existing infrastructure plans
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Stakeholder
Perspective

„Individual Transformation
Decisions“
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How can hydrogen production and consumption be connected?
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Model Determines Cost-Optimized Pipeline Infrastructure
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Existing Natural Gas Pipeline 
Network

Hydrogen Demand           
Costs for Pipeline Expansion 

and Repurposing

Optimization Model

Construction and 
Repurposing of Pipelines

Locations for Electrolysis

Input

Output

Minimization of the overall costs by 
optimizing pipeline routing and capacities 

€

Boundary conditions: 
• Flow conservation 
• Hydrogen demand coverage
• Minimum pipeline diameter
• …

11.06.2024 4



Model Determines Cost-Optimized Pipeline Infrastructure

Model Properties:

⌝ Time resolution: One year

⌝ Regional scope: District level 
(NUTS-3) for EU27 + Norway, 
Switzerland and United Kingdom

⌝ Centers of districts are nodes of 
model, pipelines can be located 
at all connections between 
nodes
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Limitations:

⌝ No variation in seasonal 
hydrogen demand so storage 
is neglected

⌝ No flow tracing

⌝ Remaining optimality gaps of 
ca 0.5% because of mixed 
integer optimization problem
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Optimized Hydrogen Transport Network Shows Similarities to 

European Hydrogen Backbone 
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2040

Source: The European Hydrogen Backbone (EHB) initiative  www.ehb.eu 

11.06.2024 6

http://www.ehb.eu/


Optimized Hydrogen Transport Network Shows Similarities to 

European Hydrogen Backbone

Modeling an Integrated Infrastructure for the Transport of Hydrogen | Amanda Pleier

2040

Source: The European Hydrogen Backbone (EHB) initiative  www.ehb.eu 

11.06.2024 7

http://www.ehb.eu/


Optimization Results Suggest Large Distribution Network 
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2040
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Optimization Results Suggest Large Distribution Network 
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2050
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Optimization with EHB as a Constraint Shows Further Need for 

Expansion
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2050

Source: The European Hydrogen Backbone (EHB) initiative  www.ehb.eu 
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Electrolysis is Located in Districts with Renewable Energy

⌝ Installed electrolysis capacity per country is the 
result of the scenario “Best Estimate” in the 
preceding energy system analysis
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2050
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Electrolysis is Located in Districts with Renewable Energy

⌝ Installed electrolysis capacity per country is the 
result of the scenario “Best Estimate” in the 
preceding energy system analysis

⌝ Location within country is optimized in 
infrastructure optimization model

⌝ Districts with local surplus power generation 
are treated as favorable locations for 
electrolyzer
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Optimized Hydrogen Network with Brownfield Approach (2030)

⌝ Pipeline sections built in previous years are 
assumed to be fixed in upcoming optimization 
years

⌝ Brownfield approach simulates a stepwise 
expansion of the pipeline network

⌝ Total pipeline length (2030): ca 44.000 km
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2030

11.06.2024 15



Optimized Hydrogen Network with Brownfield Approach (2040)

⌝ Pipeline sections built in previous years are 
assumed to be fixed in upcoming optimization 
years

⌝ Brownfield approach simulates a stepwise 
expansion of the pipeline network

⌝ Total pipeline length (2040): ca 67.000 km
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2040
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Optimized Hydrogen Network with Brownfield Approach (2050)

⌝ Pipeline sections built in previous years are 
assumed to be fixed in upcoming optimization 
years

⌝ Brownfield approach simulates a stepwise 
expansion of the pipeline network

⌝ Total pipeline length (2050): ca 73.000 km
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2050
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Optimized Hydrogen Network with Greenfield Approach (2050)

⌝ In the greenfield approach, 2050 is optimized 
without constraints from previous years

⌝ Results from the greenfield approach can 
provide information on the network planning 
of earlier years

⌝ Total pipeline length (2050): ca 58.000 km
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Greenfield optimization results in shorter 
overall pipeline lengths

Greenfield 2050
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Greenfield optimization results in shorter 
overall pipeline lengths

Greenfield 2050
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2030: Largest Flow Volumes in Northern Germany
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100 TWh Import from Marokko

2040: Imports lead to larger Flow Volumes in Import Countries
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120 TWh Import from Tunisia
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220 TWh Import from Marokko

2050: Largest flow volumes from Italy to Germany
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250 TWh Import from Tunisia
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Three Hypotheses to Take Away with You

⌝ The optimized infrastructure for the scenario “Best Estimate” shows many similarities with 
the European Hydrogen Backbone but suggests further need for expansion especially for the 
local distribution of hydrogen to final consumers.

⌝ With forward-looking network planning, pipelines can be routed more efficiently and 
therefore most likely costs can be saved.

 

⌝ In the long term, pipeline routes from import countries will play an important role for the 
hydrogen supply in Germany
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Thank you for your attention!
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