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Context and objective of the study
 The European Commission has proposed to enshrine the objective of reaching carbon neutrality by 2050 

in a Climate Law. Reaching such an ambitious objective requires taking actions in all sectors.

 The deployment of renewables and electrolysers, which enable the direct and indirect electrification of 
end-uses, has to be supported by an appropriate infrastructure to reach the EU objectives cost-efficiently. 

 This study demonstrates that a multi-energy optimisation approach can deliver important insights, by 
explicitly representing the interlinkages between electricity, methane and hydrogen.

 We apply this methodology to (a) to examine the optimal level of energy infrastructure in Europe at the 
2050 horizon, in the context of an existing 1.5°C scenario and variations, (b) to understand the drivers of 
the results, and (c) to extract key lessons for the revision of the EU regulation.

 Study was carried out on behalf of the European Climate Foundation (ECF)
 Report available at 

https://www.artelys.com/wp-content/uploads/2020/12/Artelys-2050EnergyInfrastructureNeeds.pdf

https://www.artelys.com/wp-content/uploads/2020/12/Artelys-2050EnergyInfrastructureNeeds.pdf
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 The reference scenario of the study is based on the 1.5TECH pathway of the EC Long-Term Strategy.

 Demand levels: circa 4000 TWh of electricity demand, 1600 TWh of hydrogen demand and 1200 TWh of 
methane demand.

 Electricity supply: 1000+ GW of solar PV, 750 GW of onshore wind and 450 GW of offshore wind.

 Biomethane supply: 825 TWh.

Key assumptions (1/2)
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Key assumptions (2/2)

Hydrogen sensitivity
- Lower H2 demand (PAC level)
- Geographical reallocation of RES

Biogas sensitivity
- Lower biogas availability (1.5LIFE level)
- Compensated by RES capacities

Energy efficiency and electrification 
sensitivity
- Replacement of gas boilers by electric 

options 
- Adjustment of RES capacities
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Overview of the methodology

▪ Installed capacities for RES, nuclear, 
hydropower, existing infrastructure, etc.

▪ Demand levels (electricity, H2, CH4)

▪ Catalogue of investment options

▪ Electricity interconnectors

▪ Gas pipelines

▪ Hydrogen pipelines (considering 
repurposing of CH4 infrastructure)

▪ Electrolysis, methanation and SMR 
processes

▪ Storage assets (e.g. batteries, pumped-
hydro storage)

▪ Gas-to-power capacity (CCGTs, OCGTs)

▪ Technical and economic characteristics 

▪ CO2 price and commodity prices

▪ Investments in infrastructure (see catalogue)

▪ Operational management of the power and 
gas systems (hourly dispatch, flows, etc.)

Input parameters Key results

Objective

Jointly optimise investments 
and operations (cost-

minimization approach) for a 
given scenario using an hourly

time resolution in order to 
meet all energy demands

Computation

https://www.artelys.com/crystal/super-grid/

https://www.artelys.com/crystal/super-grid/
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Scope and design of the energy system model
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Findings in a nutshell
 Finding 1: All the considered scenarios require major investments in the electricity infrastructure.

 Policy implication: Procedures (e.g. permitting) have to be adapted to the deployment objective 

 Finding 2: Investments in cross-border hydrogen infrastructure will also be required in specific areas. 
However, the cross-border hydrogen infrastructure requirements are found to be highly dependent on the 
level of colocation between RES and hydrogen demand across Europe.

 Policy implication: Scenarios and CBA guidelines (esp. for P2X) should examine the impacts of a consistent 
deployment of RES and electrolysers, in order to avoid unnecessary investments in wires and pipelines, and to 
ensure that the overall impact on GHG emissions is positive.

 Finding 3: There is no need for additional investments in methane infrastructure. Part of the existing 
infrastructure is found to be characterised by low utilisation rates at the 2050 horizon due to the structural 
evolution of gas flows. The repurposing of part of the existing gas infrastructure is found to be relevant to 
support the cross-border transport of hydrogen.

 Policy implication: CH4 projects incompatible with H2 should be excluded. The assessment of infrastructure 
projects should consider the entire lifetime of the project, and decision should be based on a risk-based analysis 
of the outcome of the CBA of all scenarios.
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 In all scenarios, major investments in the electricity 
infrastructure are found to be required:

 Electricity interconnectors are found to be among 
the key providers of flexibility, on all timescales 
(electrolysers, if responding to price signals, are 
expected to be the key source of flexibility)

Additional electricity infrastructure in the reference scenario

Additional 
interconnection 
capacity (GW)

Reference scenario 250

Hydrogen sensitivity 220

Biogas sensitivity 250

EE and electrification 
sensitivity

280

Major investments in electricity infrastructure



9

Findings in a nutshell
 Finding 1: All the considered scenarios require major investments in the electricity infrastructure.

 Policy implication: Procedures (e.g. permitting) have to be adapted to the deployment objective 

 Finding 2: Investments in cross-border hydrogen infrastructure will also be required in specific areas. 
However, the cross-border hydrogen infrastructure requirements are found to be highly dependent on the 
level of colocation between RES and hydrogen demand across Europe.

 Policy implication: Scenarios and CBA guidelines (esp. for P2X) should examine the impacts of a consistent 
deployment of RES and electrolysers, in order to avoid unnecessary investments in wires and pipelines, and to 
ensure that the overall impact on GHG emissions is positive.

 Finding 3: There is no need for additional investments in methane infrastructure. Part of the existing 
infrastructure is found to be characterised by low utilisation rates at the 2050 horizon due to the structural 
evolution of gas flows. The repurposing of part of the existing gas infrastructure is found to be relevant to 
support the cross-border transport of hydrogen.

 Policy implication: CH4 projects incompatible with H2 should be excluded. The assessment of infrastructure 
projects should consider the entire lifetime of the project, and decision should be based on a risk-based analysis 
of the outcome of the CBA of all scenarios.



10

Required investments in hydrogen infrastructure

 The existing CH4 infrastructure considered reaches 1200 
GW CH4 pipelines (aggregating both directions) and can 
be repurposed.

 In the reference scenario, around 320 GW are found to be 
repurposed to transport hydrogen, which would lead to 
circa 260 GW of hydrogen transport capacity.

 Almost 310 GW of new hydrogen pipelines would be 
required on top of the repurposed infrastructure.

 A total need of 570 GW of hydrogen pipelines is found to 
emerge in the reference scenario.
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Hydrogen infrastructure depends on RES allocation

 The need for hydrogen infrastructure varies considerably between scenarios. 

 Two phenomena are impacting the trade-off between repurposing and new H2 pipes

 A lower demand for hydrogen means that one is more likely not to repurpose a given pipeline

 A lower demand for methane leaves more room for repurposing
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No additional methane infrastructure required
 The existing system would be sufficient to 

supply EU27 CH4 demand. This is compatible 
with findings of previous studies.

 Only a small number of additional pipes 
(capacity below 1 GW) may be relevant in the 
reference scenario: Balticconnector, in the 
Balkans and between FR and CH. However, 
they are not required to ensure security of 
supply in EU27.

 In addition, the CH4 infrastructure that is not 
repurposed is found to be largely under-used. 

 Even more pipes are under-used in the 
electrification sensitivity compared to the 
reference scenario. 
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Conclusion

 The methodology we have developed is well suited to produce insights into the need 
for electricity, methane and hydrogen infrastructure, and to propose enhancements of 
the CBA methodology used to assess infrastructure projects.

 The role of imports (hydrogen, biomethane), of hybrid consumption technologies 
could be further examined.

 When applied to an EC-inspired 1.5°C-compatible scenario, we show that the key 
drivers of the need for hydrogen infrastructure are:

 The level of hydrogen demand, which is highly uncertain

 The level of colocation between RES and hydrogen demand centres

 The potential competition between biomethane and hydrogen for the use of existing pipelines
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Going a step further…

 Artelys Crystal Super Grid features additional functionalities 
 Optimisation of RES capacities

 Extension of capacity optimisation to heat supply

 Imports of electricity and decarbonised gases from outside the EU

 Pathway modelling

 Higher geographical granularity

 See also our ongoing work in the METIS projects
 https://ec.europa.eu/energy/data-analysis/energy-modelling/metis

https://www.artelys.com/crystal/super-grid/
https://ec.europa.eu/energy/data-analysis/energy-modelling/metis
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Thank you for your attention!

Contact details
tobias.bossmann@artelys.com
christopher.andrey@artelys.com

mailto:tobias.Bossmann@artelys.com
mailto:christopher.andrey@artelys.com
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Demand decomposition by usage
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FED in the reference scenario
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RES capacity breakdown
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Installed capacities of flexibility assets

Additional transmission needs in the reference scenario 
(100 GW in 2020) Installed capacities of flexibility assets in the 

Reference scenario
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xB electricity infrastructure and flows
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xB hydrogen infrastructure (Reference)
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xB hydrogen infrastructure and flows
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Electrolyser investments
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xB hydrogen infrastructure (Ref. vs H2 sens.)
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Repurposing in all scenarios
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xB gas infrastructure and flows
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New and utilisation of remaining gas pipelines
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Investments into methanation
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Methane consumption and supply
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Installed vRES capacities


