


De zin en onzin van waterstof 
door Pieter Vingerhoets

Sessie A.1

Pieter Vingerhoets | Energie-expert, Vito





EnergyVille
• Energy teams of VITO, KULeuven, Imec and Uhasselt

• www.energyville.be

• Pieter.vingerhoets@energyville.be

http://www.energyville.be/
mailto:Pieter.vingerhoets@energyville.be


The challenge in Belgium and EU

Energy balance 2019 (TWh) EU (TWh) BE (TWh)

Gross available energy ~17000 ~750

Primary energy supply ~16000 ~640

Final energy consumption ~11000 ~420

Final non-energy 
consumption

~1000 ~84

Final electricity consumption ~2500 ~82

Percentage of different sectors in Belgian

emissions 2021 (111 Mton CO2eq)

Not including emissions for international shipping and aviation
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https://perspective2050.energyville.be/

https://perspective2050.energyville.be/


The BE - TIMES model

• Cost optimization over all sectors and time horizon

• No subsidies/taxes, only underlying techno-economic costs

• Optimization model ≠ prediction, ‘What should be’ ≠ ‘What will be’



ALL scenarios: industry constant

ALL scenarios: no major behavior shift

• Central: 

• GIS potentials for wind/solar

• Unlimited CCS

• Electrification

• Access to +16GW of offshore wind

• New nuclear investments possible in 2045

• Molecules

• Cheap import of hydrogen (1.7€/kg in 2050)

• Limit on CCS (5Mton/year)

Final energy demand Belgium
Central scenario

Electrification scenario

Molecule scenario

Electrification and energy efficiency reduce 
the energy needs for the same services



Residential & commercial

Renovation & electrification

• Large deployment of heat pumps

• Immediate renovation of old building stock

• Not all houses renovated conform with EPC A. 

• District heating has higher transport losses, but 
allows connecting waste heat sources in high 
demand areas (e.g. one geothermal heat pump at 
the corner of the street).

• NO gas distribution grid anymore in 2050

• NO or very marginal role for hydrogen or biofuels



Residential & commercial

Heating grids

Bron: VITO iov VEKA, 2020

• Where are the possible supply and 
demand points for district heating?

• Warmtekaart Vlaanderen, available at 

• https://www.geopunt.be

https://www.geopunt.be/shared/8ab20848-7723-e2f0-0177-b44b4dd003de


Residential & commercial

Warmte inspiratiekaart

Bron: VITO iov VVSG

• Where to build heating grids?



Hydrogen in the built environment: a no go

Inne Mertens, CEO Sibelga in De Tijd



Transport

• Two transport applications you might not have in mind



Transport



Transport

• Electric if you can,

• Hydrogen if you have to,

• Synthetic molecules if you must

Source:https://www.transportenvironment.org/
sites/te/files/publications/2020_12_Briefing_fea
sibility_study_renewables_decarbonisation.pdf

https://www.transportenvironment.org/sites/te/files/publications/2020_12_Briefing_feasibility_study_renewables_decarbonisation.pdf
https://www.transportenvironment.org/sites/te/files/publications/2020_12_Briefing_feasibility_study_renewables_decarbonisation.pdf
https://www.transportenvironment.org/sites/te/files/publications/2020_12_Briefing_feasibility_study_renewables_decarbonisation.pdf


Shipping + Aviation => Hard to abate, not a done deal

Source: hydrogen - central aerospace industry

• Aviation: Some short distance electric, biofuels, synthetic kerosene, (hydrogen) 

• International shipping, Some short distance electric, biofuels, ammonia, methanol, (hydrogen)

• Some short distance flights/shipping may electrify, but for large distances, molecules will be needed.

• More likely hydrogen derivates than pure hydrogen



Industry: e.g. The chemical sector in Europe

• ~8Mton (=> 264TWhLHV) total H2 demand in EU, most of which in petrochemical industry

Largest petrochemical cluster in Europe

Source: the AID-RES project, VITO - EnergyVille



• Primary – secondary steel routes
94 Mton + 63 Mton = 157 Mton

• Steel clusters, share per country
• Germany 25,1 %

• Italy 14,8 %

• …

• Belgium 4,9 % (6th place)

Industry: Steel sector

Decarbonisation of steel sector

Source: VITO-EnergyVille AidRES project, 2021



Industry – final energy use

Electrification generally more efficient



Industry – CO2 emissions



Industry: Carbon capture as a long term solution

Source: Totalenergies/Holcim



• Hydrogen as a long term 
backup

Power sector - Generation



• Pure hydrogen backup

• Methanol + oxygen combustion

• Bio/synthetic methane

• Heat storage

• Advances in battery technologies?

How the electricity backup will look like is uncertain

Source: TU Berlin: A closed-loop storage-plus-power system stockpiles renewable energy wherever it’s needed



Average electricity production cost
Access to more offshore wind and SMR leads to lower production costs



FIT455 

Buildings

Transport

Industry

Power

Green H2

Fit-for-55 by 2030 ?

• This study does not present policy 
projection or prognosis

• Belgian CO2 emissions 1990: 120 Mton CO2

emissions excluding net CO2 from LULUCF

• Central scenario 2030: 52 Mton
→ reduction of -57%

Evaluation limited to CO2 emissions

•Renovation & 
insulation

•1,5 M heat 
pumps

• Penetration 
very low

• Solar PV x4

• Wind onshore & 
offshore x2

• 20 Mton/y 
Carbon capture 
& storage 

• Smart charging 
infrastructure

• 2 M electric 
vehicles

2030 climate targets: still feasible?

=> In the model, yes!

=> In real world, will energy intensive processes move to 

regions with higher renewable potential? 



European level: the same ambitions

• RepowerEU communication:

Increasing the renewable ambitions of 
Fit for 55:

Wind: 467 GW => 510 GW

Solar: 530 GW => 592 GW 



Realistic targets for wind?

• Wind Europe, the state of the European 
energy supply chain, 2023

• Competition for projects with USA

• Grid deployment and manufacturing 
capacity 

• The material challenge



Shortage of grid capacity

• Source: Ember policy brief:

E. Cremona, Breaking borders: the 
future of Europe is in its 
interconnectors

ENTSO-E TYNDP2022 scenario has 

+/- same renewables than RepowerEU

RepowerEU: 510GW wind 592GW sun



IEA: supply chain tightness

• The State of Clean Technology Manufacturing: An energy technology 
perspecives special briefing

Source: IEA: Electricity Grids and Secure transitions, 2023
https://www.iea.org/news/lack-of-ambition-and-attention-risks-making-
electricity-grids-the-weak-link-in-clean-energy-transitions

https://www.iea.org/news/lack-of-ambition-and-attention-risks-making-electricity-grids-the-weak-link-in-clean-energy-transitions
https://www.iea.org/news/lack-of-ambition-and-attention-risks-making-electricity-grids-the-weak-link-in-clean-energy-transitions
https://www.iea.org/news/lack-of-ambition-and-attention-risks-making-electricity-grids-the-weak-link-in-clean-energy-transitions


• 300-> 450 GW of offshore wind by 2050

• Offshore requires massive investments 
(EC: 2/3rd of 800 Billion by 2050)

• Meshed HVDC grids are the only realistic 
option:

• Connections increasingly further 
offshore

• Needs to be integrated in the existing 
system (hybrid AC/DC)

• Towards new backbone grid

Work to be done

Offshore infrastructure

Figure: WindEurope

We need to connect 200 GW 
from the north sea
➔ Assume 5 GW links

DC 
grid

DC 
grid

We need to start thinking about our 
electricity grid infrastructure of the 
future, it is important.





What with hydrogen? Hydrogen basics

• H2

• When burnt, no CO2 emissions

• Not naturally occurring in practical quantities

• Flammable and explosive

• Colorless, oderless and tasteless

• Lightest atom in universe => low weight

• High volumetric density => difficult to compress

• Liquid form -253degrees C

• 33kWh/kg lower heating value

• 39kWh/kg higher heating value

Great! Can we replace all natural gas with hydrogen?

Energy transition done?



• ~80TWh of H2 in figure

• Ammonia and refineries

• Byproduct in Cl 
production

Hydrogen demand today

Source: VITO - Trinomics



What with hydrogen? Efficiency of green hydrogen

Source: De positie van waterstof in de energietransitie: een nuancering van de belofte

Auteur: Over Morgen; Tomas Mathijsen, Ingrid Giebels, Peter-Paul Smoor

EC Communication 299: “Powering a climate-neutral 
economy: An EU Strategy for Energy System Integration”

1. A more circular energy system, with ‘energy-efficiency-
first’ at its core

2. Accelerating the electrification of energy 
demand, building on a largely renewables-based power 
system

3. Promote renewable and low-carbon fuels, including 
hydrogen, for hard-to-decarbonise sectors

• Biofuels and biogas

• Green hydrogen: electrolysis by green power

• Transitional phase: other sources of low carbon hydrogen

• CO2 capturing and use

• Synthetic fuels



Green hydrogen, known since the eighties

The 1780s!

Van Troostwijk and Deiman



Hydrogen supply: 50 shades of hydrogen

HYDROGEN HAS NO COLOR!

+ white hydrogen:     naturally occurring hydrogen or collected as a by-product



Hydrogen supply

• External assumption:

- No relocation industrial activity 

https://perspective2050.energyville.be/hydrogen

Scale-up of local electrolysis after 
2030 only

Balance import vs local production 
very sensitive to assumptions 

‘Central scenario’

Scenario with more access

To cost effective electricity

(offshore wind, nuclear in 2045)

Scenario with very cheap 

Hydrogen import assumed



Cost of hydrogen with electrolysis

Electrolysers need +3000-4000 operating hours to be commercially viable

Beyond 3000-4000 operating hours, electricity is the most important cost factor

Source: IEA, the future of hydrogen, 2019



Why we need to decarbonize electricity production before 
hydrogen production

1. Gas produces grey hydrogen, sun/wind produces renewable electricity

H2

H2
~10kg CO2/kgH2 *

~20kg CO2/kgH2 **

Electrolysis

1kg H2

1kg H2

50kWh elec

50kWh elec

55 kWhHHV gas

50 kWh elec

2. Sun/wind for green hydrogen, gas for power production

50kWh elec

100 kWhHHV gas

* 4 IEA (2019), The Future of Hydrogen, https://www.iea.org/reports/the-future-of-

hydrogen.

** Based on 400gCO2/kWhel CCGT

https://www.iea.org/reports/the-future-of-hydrogen
https://www.iea.org/reports/the-future-of-hydrogen


Green hydrogen: ‘excess’ electricity supply

• TYNDP national trends 2030 scenario

• ~1800hours with cheap electricity 

Source: EnergyVille dispatch model on TYNDP 2030 capacities 

€
/M

W
h

Not enough for commercially
Viable operation of electrolysers

1800hours



Electricity for green hydrogen production

• How much hours of cheap green electricity is available?

Data gathered by VITO/Trinomics for DG Reform

Literature is scarce and PRIMES model cannot be run 
by research institutes => more scenario work is needed

 RepowerEU: 5000 – 6000 operating hours for electrolysers



Hydrogen 2030 ambitions: RepowerEU

https://commission.europa.eu/publications/key-documents-repowereu_en

Hydrogen not targeted for cost efficient applications, hybrid optimization – policy projection approach



Other hydrogen related policy

• Net Zero Industry Act
• Affirms hydrogen ambitions in RepowerEU
• CCS ambition: 50Mton CO2,eq by 2030
• No finance specified, link to other elements such as the innovation funds

• European hydrogen bank
• Auction system to subsidize the gap between supply cost and demand willingness-to-pay
• Start with 800M€ auction for local electrolysis, contract for differences of 10 years
• In consequent auctions, import hydrogen may be targeted specifically as well

• Renewable Energy Directive III (Provisional)
• Renewable energy share of 42.5% (of non-low carbon H2)
• 1% renewable fuels of non-biological origin (RNFBO) in transport
• 42% of hydrogen should come from RFNBO by 2030, 60% by 2035

• Commission impact analysis in 2040
• Less hydrogen production in RepowerEU than in 2030 (104TWh)
• More hydrogen by 2040 (700 – 1200 TWh), even more by 2050 (2200 TWh)
(more info https://energyville.be/en/blogs/climate-goal-for-2040-a-new-milestone-for-the-eu/) 

https://energyville.be/en/blogs/climate-goal-for-2040-a-new-milestone-for-the-eu/


Import of hydrogen



Import of hydrogen via ship

Via liquid hydrogen Production efficiency Shipping volume Import 

Liquid hydrogen 75-80% for production
*70% liquefaction
(-253oC)

Density 40% of LNG
Boil off losses
no fleet available

Regasification possible, more 
expensive than LNG
New infrastructure needed

Via Ammonia 75 – 80% (green H2) 
* 70% (Haber Bosch)
*~90% liquefaction

Existing fleet
Density 59% of LNG

~20 - 30% losses for Ammonia to 
hydrogen reconversion/cracking 
process 

LOHC 75 – 80% (green H2) 
* ~70% 

Density ~25% of LNG
Carrier weight

~30-40% losses for regasification

Synthetic methane Where to get the CO2?? Still emits CO2 if not converted to H2

Shipping back CO2 is not evident

Irena 2022: Technology review of hydrogen carriers

https://www.irena.org/publications/2022/Apr/Global-hydrogen-trade-Part-II
Shipping hydrogen will not be able to be competitive, 

hydrogen derivates should be used as derivates 

https://www.irena.org/publications/2022/Apr/Global-hydrogen-trade-Part-II
https://www.irena.org/publications/2022/Apr/Global-hydrogen-trade-Part-II


Import of hydrogen via ship

• Source: The Hydrogen Import Coalition

• Hydrogen via pipeline is more cost effective than hydrogen via shipping



Out of the blue

• RepowerEU => NO blue hydrogen

• 1GW scale, Auto Thermal Reforming => 95% capture rate

A.O. Oni, K. Anaya, T. Giwa, G. Di Lullo, A. Kumar,
Comparative assessment of blue hydrogen from steam methane reforming, 

autothermal reforming, and natural gas decomposition technologies for 

natural gas-producing regions, Energy Conversion and Management, 2022

https://doi.org/10.1016/j.enconman.2022.115245.

Blue hydrogen can be cost competitive (depending on gas/CO2 prices), it is however not part of European ambition



Possibility of relocating value chains

Scholz et al. Structural analysis of petrochemical clusters in Germany: What can be learned for the transformation towards climateneutrality?, Wuppertal 2024



EU, also an energy importer on long term?

Source JRC ENSPRESO - an open data, EU-28 wide, transparent and coherent database of wind, solar and biomass energy potentials

W. Nijs et al 2019, https://www.sciencedirect.com/science/article/pii/S2211467X19300720

Source ‘Min potential’, 
depending on scenario 
(TWh)

‘Max’, depending on 
scenario (TWh)

Comment

Offshore wind 1300 1300 Could be more adding 
floating wind turbines

Onshore wind 4950 8400 Min is 1200m distance, 
realistic potential could 
be less

PV on roof 1200 2100

PV on land 0 11000 Max is with 3% of 
surface

Biomass 2300 2300

EU self sufficient with renewables => Possible, but not a walk in the park

https://www.sciencedirect.com/science/article/pii/S2211467X19300720


Strategic decisions are needed:
• Which processes do we need in Europe?

• How much of the processes do we need?

• What can it cost in terms of public 
funding? 

• How will industry be supported? 

• What will be the rules for competition 
between member states to attract 
investments? 

Dependending on imported energy



Funding???

Critical materials act

Ambitions for independent Europe

Picture: mobilitynotes.com



• Quid steel? 

• Quid fertilizer?

Critical materials act

Picture: mobilitynotes.com



Also National Plans are uncertain to deliver

Little information on financing and policy impact

European Court of Auditors: Special report 18/2023: EU climate and energy targets – 2020 targets achieved, but little indication 
that actions to reach the 2030 targets will be sufficient



Conclusions: what should happen in the coming years

• Currently: 
• Incentives reflecting underlying techno-economics

• Target support programs maximally to those in need of it

• Towards 2030: 
• Install renewables as fast as possible

• Facilitate CO2 storage infrastructure

• Design the offshore and onshore grid infrastructure

• Take decisions on industrial competitivity

• Towards 2050: 
• Innovations such as small modular nuclear, deep geothermal, Carbon capture and utilization, 

synthetic molecules in transport… can help



Conclusions hydrogen

• The most important challenge to tackle for scaling up green hydrogen is an 
abundant supply of clean and affordable electricity
 And we are not there yet

• For applications like person vehicles, local buses, low-temperature heating, 
electricity is more efficient and cost effective option 

• Import of hydrogen should be focused on hydrogen derivates, as the ammonia 
dehydrogenation step is a problem for the business case 

• Studies are needed on industrial competitivity and infrastructure needs





Bedankt voor de aandacht!

https://twitter.com/vvsg
https://be.linkedin.com/company/vvsg
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