
Modelling carbon-neutral clusters in highly 
renewable energy systems

MethodologyContext and objectives
PyPSA-EUR 

Modelling Industrial Clusters:
▪ What is the best modelling approach to represent industrial

clusters in Europe? What is the optimal geographical
resolution to address the problem?

▪ Where should new industrial clusters be placed around
Europe? Is the placement more driven by the availability of
good renewable potentials or point source carbon?

Integration with the system:
▪ Are there any benefits of an islanded configuration for 

industrial clusters?

▪ If the integration is the best configuration, what are 
the carriers that can be efficiently exchanged between 
the cluster and the external system? And with which 
strategy?

Potential flexibility assets:
• Can industrial clusters including Power-to-X facilities use their

flexibility to become assets for the energy system to balance 
supply and demand in times of renewable scarce availability?

• What is the role they can play during extreme weather events? 

E-fuels such as methanol and Fischer-Tropsch synthetic 
fuels are key to decarbonizing hard-to-electrify sectors, yet 
their optimal spatial distribution across Europe remains 
undefined.

Ideal production sites require:
▪ Strong renewable energy potential
▪ Access to CO₂ point sources
▪ Proximity to district heating networks

These factors rarely co-locate; large scale H₂ or CO₂ 
transport grids, usually assumed in other energy planning 
studies, carry major uncertainties.

These insights give rise to the concept of industrial 
clusters: e-fuel production hubs that integrate renewable 
electricity and e-fuels production, strategically located to 
take advantage of either abundant renewable resources or 
low-cost point sources of CO₂.

This project develops a framework to explicitly represent 
and optimize such clusters in a large-scale energy system 
model.

Representation of the two types of industrial clusters that can be implemented in the node
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Maximum yearly CO2 sequestration for the Iberian Peninsula and the Nordic 
countries under different regionalization strategies
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Iberian 20.0 40.0 6.1 15.3 20.3 55.5

Nordics 30.0 60.0 86.6 216.6 35.4 78.1
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Results for the CO2 capture and usage balance for the two case studies for 2035
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Work in progress

Modelling the two groups of countries in
PyPSA-eur with:

• 100 nodes for each group

• No H2 or CO2 networks

• For 2 planning horizons: 2035 and 2050

Introducing two novel cluster types
within the PyPSA-eur framework:

• Renewable Cluster: targeting regions
with high-quality renewable potential

• CO2 Point Source Cluster: using the
close proximity to industrial CO2
emission sites
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