
28/08/2023

Isabel François

Cogen cursus 29 aug 2023

Hydrogen
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Outline

• Hydrogen characteristics

• Production – transport- storage of hydrogen

• Applications

• Policy context Europe-Belgium- Flanders
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WaterstofNet

• Start 2009
• Project organisation located in Turnhout and Helmond (NL) 
• Focus on projects and roadmaps
• Collaboration with industry, knowledge institutes and governments
• Hands-on experience:

• 5y exploitation & maintenance H2 refuelling station Helmond
• Facilitation demonstration projects
• Mobile H2 station

Helmond

Turnhout
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WaterstofNet coordinates
the

“Waterstof Industrie 
Cluster”
In BE/NL

Hydrogen, main characteristics

Hydrogen: basics
• Symbol H (1 proton/1electron) molecule H2

• More than 90% of all atoms in the universe is hydrogen

• On earth, almost always connected to other materials:
• oxygen (O2) water
• carbon (C) methane (CH4),  C2H6,…. 
• …..

So, H2 has to be produced, it is an energy carrier, not an energy source
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Dia 1

MOU1 Kleur wijzigen of afbeeldingen invoegen? 

1.  Selecteer op het tabblad Ontwerpen de optie Achtergrond 
opmaken.
2. Selecteer Afbeelding uit bestand of Vullen met effen kleur.

of
1. Rechtermuisknop
2. Achtergrond opmaken
3. Opvullen met afbeeldingen of Vullen met effen kleur.
Microsoft Office User; 28/09/2020
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However….
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H2 properties: Energy density
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High per unit of mass => advantage (for mobile applications) compared to batteries
Low per unit of volume => store under high pressure (80-350-700bar) or in liquid 

form (-253°C)

Hydrogen ‘colours’
Transport tube trailer & pipelines
Storage small scale and large scale
Technologies

Production & transport & storage

Production methods
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• Production method defines the ‘colour’ of hydrogen: grey, blue, green, turquoise

• Worldwide & Belgium: mostly grey hydrogen via SMR (from fossil fuels)

• Sustainable H2: electrolysis, byproduct H2 or fossile source with CO2 capture, pyrolysis

Steam Methane Reforming (incl. CCS)

Reforming hydrogen
= 90-95% of worldwide production

Water-electrolysis

• PEM, Alkaline, Solid oxide electrolysis

• Efficiency conversion electricity to H2:
 Average 70% (30% energy loss to heat)
 Recent new technologies up to 85%

With supply of electricity
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Direct conversion sunlight hydrogen (e.g. KU-Leuven)
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• Hydrogen produced in solar panel
• Use of water from the air
• Cheaper material than electrolysis

• http://solhyd.org/nl/

‘Photo-electrolysis’

Transport of hydrogen
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Transport in pipelines
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• H2NG (Mix H2 and natural gas) in natural gas infrastructure

• Pure H2 in natural gas infrastructure

• Dedicated / New H2 pipelines
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Small Scale Hydrogen Storage
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Hydrogen can be stored in its pure 
form as

• Compressed gas
• Cold compressed
• Liquid hydrogen

Or it can be stored in compound 
materials, such as

• Ammonia
• Methanol
• ……

Large Scale Hydrogen Storage
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Hydrogen storage in Salt Caverns

1 salt cavern can contains 6,000 ton hydrogen; Equivalence of 
17 million Tesla Power walls 

Salt formations and caverns in Europa
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Industry, transport & built environment
Technologies

Applications of hydrogen
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Applications of hydrogen

Scenario’s for growing hydrogen….
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Hydrogen in industry today

Source: Hydrogen Roadmap Europe, FCH-JU, 2019 

The largest H2 network in EU is in …Belgium Clean Hydrogen in industry - future

Replacement (drop-in) of (fossile) H2 in existing applications/processes

New applications of H2
• Heat (mid/high grade), replacing natural gas
• Steel production, replacing cokes
• Feedstock for chemicals or synthetic fuels based on H2 and recycled CO2.

Pilot projects in refinery (RefHyne Shell/ITM Germany), steel (H2future Sweden ), 
methanol (CRI Iceland.)
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Example projects in BE
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https://powertomethanolantwerp.com/

Steel production
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Blast furnaces: replace part of cokes by H2

DRI process: replace natural gas by 100% H2

Hydrogen in transport applications

Different 
technologies
are 
complementary!

Source: 
Hydrogen Roadmap Europe, 
FCH-JU, 2019 

Hydrogen in transport applications

ROAD
• Large passenger vehicles with long-ranges (e.g. taxi-fleets)
• Public transport regional buses 

 Centralised, dedicated infrastructure  high equipment utilization
 Fast filling => Operational flexibility 

• Heavy-duty trucks
 Fast filling => Operational flexibility 
 Available payload  BEVs: weight and payload penalty

• Status: cars and buses “commercially available”; trucks in development
@ major OEM’s (Volvo, Iveco, MAN, Nikola…)
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Hydrogen in transport applications
RAIL
• Zero-emission alternative for Diesel trains

WATER
• Ferry’s/ Inland barges for limited distance 
• Seaships: high density fuel needed (loss of payload)

 Liquid hydrogen or H2 carrier (ammonia)

• Status: pilots

29

Example projects
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https://www.alstom.com/solutions/rolling-stock/coradia-
ilinttm-worlds-1st-hydrogen-powered-train

Hydrotug Port of Antwerp (2022)

Hydroville Antwerp (CMB)
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Hydrogen in transport applications
AIR

• EU flights H2 combustion in gas turbines / fuel cells / liquid hydrogen tanks
• Status: R&D phase 

• Intercontinental flights  high energy density required
• Synthetic kerosene  admix in fossil kerosene during transition period 

• Synthetic kerosine: recent announcement Synkero in Amsterdam port, production as of 2027
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https://www.airbus.com/innovation
/zero-
emission/hydrogen/zeroe.html

Planned 2035

Hydrogen in power & heating
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• Turbines/ CHP on hydrogen (combustion)
• Fuel cells
• CCGT - power plants to operate on H2?

Source Siemens

Hydrogen in built environment

33

• Hydrogen imported via gas grid from central
source; transport & distribution via gas grid

• Hydrogen is produced in/close to the building 
from onsite produced energy (solar)

Central 
production

Local
production

H21 project in Leeds
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Waterstof aangevoerd via gasnet uit centrale bron

Waterstof tot in de huizen

• Opslag van lokaal geproduceerde energie (PV) in waterstof; re-elektrificatie met 
WKK/brandstofcel
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Opslag van lokaal geproduceerde elektriciteit

Source:
Solenco power

Omzetting waterstof naar stroom en warmte
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Gebruik in gebouwen

• Waterstof gas boiler  
• WKK gebaseerd op brandstofcel of verbrandingsmotor
• Hybride warmtepomp (elektrische warmtepomp met extra boiler op H2 voor piekvraag)

boiler
CHP- PEM fuel cell CHP- SOFC

CHP- ICE
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µ-WKK op waterstof, verschillende types

• Verbrandingstechnologie
• Minder zuivere waterstof nodig
• Flexibiliteit naar brandstof
• Lagere elektrische efficiëntie, meer warmte
• Uitstoot Nox?
• Levensduur

• PEM-brandstofcel
• Zuivere waterstof nodig 
• Lage temperatuur => flexibel aan/uit
• Lagere elektrische efficiëntie , meer warmte
• Nul uitstoot

• SOFC (Solid Oxide brandstofcel)
• Hoge temperatuur => continue operatie
• Verschillende brandstoffen mogelijk 
• Hogere elektrische efficiëntie
• Nul uitstoot
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Vandaag werken de 
brandstofcel modellen altijd 
op aardgas.
Lokale SMR nodig om H2 te 
onttrekken aan methaan

Viessmann Vitovalor PA2
0,75 kW elektriciteit (37%)
1,1 kW warmte

Elugie 60% 
elektrisch 
rendement 
(1,5kW)
30% thermisch
(0,75 kW)

100% H2

Omzetting elektriciteit  waterstof  stroom en warmte
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• Aparte componenten: 
Elektrolyse of waterstofpanelen
+ brandstofcel of ICE-WKK

• All-in-one oplossingen
• Reversibele brandstofcel

boiler
CHP- PEM fuel cell CHP- SOFC

CHP- ICE

Gebruik in gebouwen

Technologies
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Electrolysers Fuel Cells Engines Boilers    

Transport of renewable electricity from regions with ideal conditions

Source: Renewable Energy for Industry, IEA 2017

Sun

Wind

Electrolysis

Storage & Liquefaction Storage Pipelines

Renewable hydrogen
Renewable methane
Renewable methanol
Renewable ammonia
Liquid organic hydrogen carrier (LOHC)

End useTransport

hydrogen-carrierElectricity hydrogen

Synthesis

H2 Policy context Europe  
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Renewable Energy Directive (RED III): targets on H2 use

43

• 42% RFNBO in 2030 in industry, 60% in 2035
• 1 % RFNBO in 2030 in transport, 

WaterstofNet

Open Manufacturing Campus
Slachthuisstraat 112 bus 1
2300 Turnhout
België

T +32 (0)14 40 12 19

Kantoor Nederland

Automotive Campus
Automotive Campus 30
5708 JZ Helmond
Nederland Thank you for your attention!

Bedankt voor uw aandacht!

WaterstofNet

WaterstofNet

WaterstofNet.eu

Isabel François
Isabel.Francois@waterstofnet.eu
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