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Introduction

European green deal and climate law

➢ The target of EU to become climate neutrality by 2050

➢ Energy security – highlighted after Russia’s invasion of Ukraine

Carbon neutrality 
(the whole energy 
system)

Residential and Commercial: electrification, renewable 
stand-alone systems, heat pumps

Transport : electric vehicles

Industry: hard-to-abate industries 

aviation and shipping
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Introduction

Heavy (hard to abate) industries

✓ Consume fossil fuels (NG) both as
energy carrier and feedstocks

✓ Highly energy intensive per unit of
production

Hydrogen is a crucial candidate to decarbonize the heavy industries 

Ref: Liebreich Associates
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https://www.liebreich.com/the-clean-hydrogen-ladder-now-updated-to-v4-1/


Introduction

Transition: adopting hydrogen technologies

Industries as consumers

Gas infrastructure operators

Need the guarantee of 
having access to the future 
hydrogen backbone to invest 
on hydrogen technologies

Need the guarantee of market 
interest/commitment from 
potential consumers to invest 
on new/repurposed hydrogen 
pipelines
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Introduction

Roadmaps on the future hydrogen backbone

Belgium – Fluxys (2040) Netherlands – Gasunie (2030)
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Research Gap

Long-term analysis of the future required network capacity

Belgium – Fluxys (2040) • Potential industrial demand clusters are known based on
the surveys on future hydrogen market interest

• Commitments from some of the interested potential
users

• Scenarios on the future required volumes of hydrogen in
each cluster? (High uncertainty in the future demand)

• Scenarios on the required capacities of the hydrogen
pipe segments? (how many parallel pipe segment are
required among each pair of clusters?)

• Scenarios on the required installed capacity of hydrogen-
related supply/production technologies in each cluster
of the network
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Methodology

Future demand scenarios 

• Market commitment data of all industrial clusters for the future years

• Decarbonizing the potential industries defining different consumption routes (electrification vs
hydrogen consumption)

• Considering whole energy system net zero scenario until 2050 with long-term planning cost
optimization models and obtain the optimal required hydrogen consumption for the industrial sector
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Methodology

Future demand scenarios – Belgium perspective 2050 

Ref: PATHS2050 | Energy outlook (energyville.be)

The 3 paths 
to carbon-neutrality

Central Electrification Clean Molecules

Balanced-out array of all 
possible technologies

More access to offshore wind 
in the North-sea (+16 GW as 
of 2030)

Import clean molecules at 
lower costs

Long-term planning optimization (2020-2050), Minimizing the total
system cost, Belgium as one single region
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https://perspective2050.energyville.be/


Methodology

Future demand scenarios – regionalization

Belgium outlook model Hydrogen infrastructure model

• High sectoral 
resolution

• High technological 
resolution

• Long-term planning
• Representative days

• Low sectoral resolution 
(heavy industries)

• Low technological resolution 
( renewables and hydrogen 
technologies)

• High spatial resolution 
(detailed cluster-level)

• Full hourly resolution 

Overall industrial 
hydrogen consumption 

Regionalization of 
demand for each: 

cluster
industry 
Sector

Based on production 
capacities
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Methodology

Future demand scenarios – regionalization

Clean molecules scenario:

2030 2040

10/15



Model Structure and Methodology
Spatial resolution and supply side scenarios

Ghent
Antwerp

Albert canal

Liege
CharleroiHainaut

Alveringem

Zeebrugge
Zalzate

Zandvliet

S-Granvenvoeren

Blaregnies

Eynatten

Hy3 Clusters

• Green Hydrogen production:
o Onsite renewable technologies + onsite 

electrolyzers
o Central renewable + central 

electrolyzers
o Offshore wind turbines + off/onshore 

electrolyzers

• Low carbon Hydrogen production (3-
ton CO2 per ton H2)
o Onsite grid connected electrolyzers

• Blue Hydrogen production
o Steam methane reforming + carbon 

capture and storage

• Molecule import

11/15

Ambitious offshore 
installations (Hy3-TNO)

Becoming an import and 
transit hub (Belgium 
outlook – energy Ville)

ref: Hy3 (TNO) project



➢ The final objective is to minimize the total discounted system cost over the whole-time horizon:

• All actualized regional costs of supply technologies
• All actualized inter-cluster pipeline costs (depending on both the km and capacity required of each pipe 

segment)

➢ Decision variables:
• Local electrolysis/SMR+CCS hourly production curves in each region
• Import and export curves with neighboring countries
• Pipeline required capacities and investments

➢ Constraints on :

• Capacity and flow rate of the hydrogen pipe network (network- typology)
• Overall installed capacities of renewable and hydrogen supply technologies (TIMES-BE and Hy3-NL)
• Resource availability and max technical potential in cluster-level resolution

Methodology
Techno-economic linear investment and operational 
optimization problem
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Methodology
GitHub - Hypatia-Energy-Modelling-

Framework/Hypatia: An Operation and 
Planning Energy System Modelling 

Framework

Techno-economic linear investment and operational 
optimization problem: Hypatia framework
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https://github.com/Hypatia-Energy-Modelling-Framework/Hypatia


Results

Required supply and backbone capacities - 2040

Assumptions:

• Clean molecules scenario of Belgium 
outlook

• Belgium: 15 nodes + offshore region+ 
Netherland and NRW as one single region

• Time horizon: 2020-2040 (snapshot of 20 
years)

• Full hourly resolution
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Conclusion
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➢ There are several market interest announced from industrial sector to gas operators but no 
estimation on future required hydrogen on the cluster and sector level

➢ High uncertainty in the future demand sets the necessity of various scenario analysis

➢ Peak industrial demand and trade with the neighboring countries sets the required pipe 
segment capacities

➢ There is a computational trade off between sectoral and spatial resolution in techno-economic 
analysis

➢ Different country-level supply assumptions and scenarios might lead to unrealistic results 
(Biased results in the process of soft-linking two optimization model)



Thank you!


