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Background



Complete decarbonization of the energy system cannot be realized without 

synthetic fuels, but what demand is to be expected?
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Uncertainty about preferable technologies, fuels, production sites, transport 

means and routes 
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Scenario analyses applying the REMix energy system modelling framework 

with integrated optimization of capacities and dispatch of all technologies
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Hydrogen infrastructure deployment along the transformation to a zero-

emission energy system – the case of Germany



Model-based investigation of flexible sector coupling infrastructures requires 

regionalization, high temporal resolution, and a broad technology portfolio
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Urgent need for a steep increase in renewable energy capacities and sector 

coupling implementation
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Flexible hydrogen production is one but not the only important element of 

energy sector coupling
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Hydrogen is key element for providing seasonal balancing within a climate-

neutral energy system

• Hydrogen production follows renewable power generation

• Methane production concentrates outside the heating season
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Assumptions on available and accessible potentials for renewable energy 

technologies strongly drive the spatial distribution of hydrogen infrastructure
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Power system benefits justify large-scale European hydrogen production 

despite higher specific costs

• Comparison to a model run with optional, ship-based hydrogen import realized at the North Sea coast 

• Import is only chosen at fuel prices of ~ 1 €/kg of H2
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A broader scenario space analyzing hydrogen infrastructures and imports in 

a carbon-neutral European energy system



The role of energy imports from the Maghreb and the British Isles and their 

dependency on national sourcing strategies as well as grid expansion

DLR.de  •  Chart 15

Source: Wetzel et al. 

> 40th International Energy Workshop (IEW)  > Hans Christian Gils •  Hydrogen infrastructures in future integrated energy systems > 27 May 2022

2050

Zero emission

Sector-coupled energy system 

with broad capacity expansion

Not considered: air and ship 

traffic, CCS, Power-to-Liquid

https://elib.dlr.de/186549/


Robust investments into onshore wind, PV and most sector coupling options, 

higher scenario dependency for offshore wind, CSP and nuclear power
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Broad distribution of onshore wind and PV across Europe, spatial 

concentration of offshore wind, CSP and hydrogen production
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Network structure heavily dependent on energy policy, with some trends, e.g. 

central Europe being a major importer from the peripheral regions 
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Concluding thoughts

• Domestic hydrogen production and storage has huge power system benefits and should complement imports

• To realize these benefits, electrolyzers should be considered part of the energy system, not the industry 

• There is a range of options for a more centralized or decentralized hydrogen production with similar costs

• Pipeline imports of green hydrogen to Europe, e.g. from the MENA region are promising

• The installation of a European hydrogen network can to a high degree rely on repurposed of gas pipelines
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