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Objectives
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Identify cost-effective, low carbon and resilient
renewable fuel pathways and infrastructure
strategies for North Sea Region to 2050.

« Identification of pathway trade-offs

« Insights into hydrogen-intensive fuel systems

« Spatial understanding of infrastructure gaps

« Basis for future regional optimization modeling
in North Sea Region
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Figure: Production route of bio-electrofuels through P-BTL with Gasification and FT
synthesis (Boter, T., 2023, modified for P-BTL)
Pathway Comparison Results
++ very favorable | + favorable | 0 medium | - unfavorable | -- strongly
unfavorable
1,8 Bio-DME Hydrogen Main
g 1,6 | requireme Pathways nC nE e L bottleneck
5 1,4 I Bio-FT nt (MJ/MJ)
S 1,2 1,00 Sustainable
o : ' HEFA - .. g
é :)g —Fast Pyrolysis 0,80 lipid availability
2 0.6 - HEFA 0 60 - 0 Carbon losses
£ 0,4 0’40 PIB=EL ! L O 1 high CAPEX
;5, g; B —HTL ’ Alcohol yields +
E ' . < . 3 N - ATJ 0 0 + 0 upgrading
% < = T % 3 —AT] complexity
5 5 & | |
2 = - HTL 0 0 . Oil upgradnjg +
ke Energy Carbon heterogeneity
Biofuels/SAF Bioelectrofuels Electro Efficiency Efficiency Bio-oil
Fuels (%) (%) Fast . -
Pyrolysis = 0 - instability +
deep upgrading
Hydrogen requirement for biofuels, Trade-offs between efficiencies and | Infrastructure
bio-electrofuels, and electrofuels (in Bio-DME 0 0 0 0 + market
hydrogen
Integrated Regional Modelling Framework
Conclusion:

Spatial

Inputs Optimization Outputs
Modelling
Biomass Optimal Plant
Resources GIS-based Locations
analysis
Hydrogen Hydrogen Demand
Infrastructure Distribution

Spatial clustering

Industrial Clusters Regional Supply

Chain Design
MILP
Pathway Infrastructure
Performance Bottlenecks
Re_source

AIIocatlon& trade- Policy &
o= Infrastructure

Planning

« While carbon intensity is the standard, integrating energy,
hydrogen, and carbon efficiency reveals important trade-offs
and synergies between advanced fuels and (bio-)electrofuels.

 The "best" solution is context-dependent, depending on
feedstock availability, existing infrastructure, co-location
synergies, and access to hydrogen.

 The next phase employs region-specific supply chain
modeling to map the rollout of renewable fuel production. The
North Sea region will be used as a case study.
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