
LH2 infrastructure | ELVHyS international stakeholders meeting  2024.09.30THIS DOCUMENT IS xxxCONFIDENTIAL Extern.1

LH2 ecosystem, transfer 
and infrastructures

Air Liquide - Safety-Lab

2024.09.30

ELVHyS international stakeholder 
seminar Bologna 2024



LH2 infrastructure | ELVHyS international stakeholders meeting  2024.09.302

Content & Context



LH2 infrastructure | ELVHyS international stakeholders meeting  2024.09.30THIS DOCUMENT IS xxxCONFIDENTIAL Extern.3

Content

1. H2 production & Ecosystem development

2. Concretely, why LH2 ?

3. H2 liquefaction & Storages

4. Distribution

5. LH2 refuelling stations & applications



LH2 infrastructure | ELVHyS international stakeholders meeting  2024.09.30THIS DOCUMENT IS xxxCONFIDENTIAL Extern.

Liquid Hydrogen
Worldwide production capacities

4

~430 tpd

  Ratio LH2 vs GH2 prod

0.3%
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AL LH2 references
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Large scale liquefiers in operation
Focus on the US, from 1960 to now

6

*stopped
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Large scale liquefiers in operation
In the rest of the World

7

■ Europe ■ Asia

*stopped

*stopped
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H2 production & Ecosystem development
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Worldwide hydrogen production
Quick reminder

9

■ Hydrogen is mainly produced from fossil fuels

Clean and renewable production 
processes now used for low-C 
hydrogen needs

→ Electrolysis of Water

→ Steam Reforming of Methane

→ Partial Oxidation of Oil



LH2 infrastructure | ELVHyS international stakeholders meeting  2024.09.30THIS DOCUMENT IS xxxCONFIDENTIAL Extern.

Low-Carbon H2 pathways

10

BioCH4 Reforming

Electrolysis
Low carbon electricity

DK PEM 1.5 MW  0.6 tpd
 Canada PEM  20 MW  8 tpd
Taiwan AEM 25 MW 10 tpd

Normandhy PEM 200 MW 80 tpd

Natural Gas Reforming +
Carbon Capture &  

Sequestration (CCS)
Projects in AL bassins

(Kairos, Antwerp@Sea, Portos,...)
CO2 shipping OCEOS JV AL-SOGESTRAN

Low Carbon 
Hydrogen 

*tpd = ton per day
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ENERGY SOURCING PRODUCTION END-USE

HEATING & POWER
INDUSTRY FEEDSTOCK
INDUSTRY ENERGY

CLEAN POWER 
GENERATION

NATURAL GAS

BIOMETHANE 
PRODUCTION

LARGE ELECTROLYSER

STEAM METHANE 
REFORMER + CARBON CAPTURE

CO2 CAPTURE

CO2 STORAGE

FILLING CENTER

LIQUID TRAILERS & TANKS HEAVY DUTY

GAS TRANSPORT

MARITIME
(BUNKERING) AVIATION

FROM LIQUID HYDROGEN

FROM GASEOUS HYDROGEN

LIGHT-DUTY STATION (CARS)
HEAVY-DUTY STATION (TRUCKS, 
TRAINS) 

PRIMARY PRODUCTION LIQUID SUPPLY CHAIN LIQUID FUELING FOR MOBILITY

GASEOUS FUELING 
FOR MOBILITY

GAS SUPPLY CHAIN

HYDROGEN VALUE CHAIN

LIQUEFACTION PLANT

INDUSTRIAL
APPLICATIONS

TRAIN

DISTRIBUTION

PIPELINE

Hydrogen value chain
From production to end-uses
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2
Concretely, why LH2?
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Hydrogen densities
A few numbers

13

sLH2CcH2

CGH2

CGH2

LH2

Compressed 
gaseous H2

Compressed 
gaseous H2

Liquid H2

Cryo
compressed H2

Subcooled 
liquid H2

Liquid H2

Gaseous H2
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Why liquid hydrogen?
Concretely, the benefits

14

#1 
LH2

#3
635 bar

#5
300 bar

#16
200 bar

=

=

=

3.6 t 

1.1 t 

0.7 t 

Usable payload (swap @ 50 bar for GH2 trailers) based on 2022 prices for GH2 in Europe and LH2 in US

LH2: large amount of H2 with minimum volume
& mass = minimum storage & transport costs

0.2 t 

 Equivalence in usable payload 

LOGISTIC: MORE VIABLE AT SCALE 

ONBOARD: HIGH POWER DENSITY 

LH2 has a role to play for energy intensive mobility 
applications with large quantities of energy onboard

Allowing short refueling time:

• Example: Truck fueling - 60 kg in 10 min
= 360 kg.h-1 = 6 times higher flowrate
than for  H2 cars

And maximum of hydrogen stored 
in a minimal volume

• Example: Plane Liquid to liquid -
15 min to refill a turbofan (3.5 tons) = 15 t.h-1

LAYOUT: REDUCED FOOTPRINT 

LH2 for stationary applications

Allowing increasing stored amount of H2
in urban areas where space is limited

• Example: Lower footprint (factor 2)
for Light Duty FCV refueling stations
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3
H2 liquefaction & Storages
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Hydrogen liquefaction
A few specificities

16

■ Volumetric capacity of LH2 is 70 kg.m-3 as opposed to 30 kg.m-3 for GH2 tanks at 700 bar

■ LH2 stored at cryogenic temperatures and at pressures of around 10-12 bar

■ LH2 storage tank is a Dewar, double-walled, vacuum-insulated vessel made of lightweight steel alloys

￭ Insulation: perlite or MLI (Multi Layer Insulation)

■ Boil-off [evaporation of LH2 due to environmental warm-up]
is a major challenge, which can be caused by:

￭ The exothermic ortho-para H2 conversion
￭ Residual thermal entries

Equilibrium concentration 
of ortho- and 
para-hydrogen vs. 
temperature

The conversion from 
ortho to para is an 
exothermic reaction 
with a conversion 
energy of 270 kJ.kg-1

at ambient temperature
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Liquid hydrogen storage
Stationary storages

17

World's largest, 3800 m3 (3 218 m3 of LH2)
double-wall vacuum perlite (1.3 m of thickness) insulated spherical

(int/ext diameter = 18.75/21.34 m) storage vessel
The tank is operated at a pressure of 0.62 MPa

and has a boil-off rate of 0.025%/d.

4 tanks of 250 m3 each ⇒ Total : 70 t
Int/ext diameter = 4.02 / 5.1 m

LH2 storage vessel with 3 800 m3 
capacity at KSC in Florida 

LH2 storage tanks
at Waziers liquefaction plant in France (10 t.d-1)
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Liquid hydrogen storage
Stationary storages - Insulation

18

PerliteDouble-wall insulation principle
[TLH2 = -253°C]

- Vacuum insulated vessels
- Inner vessel for pressure
- External protective jacket

to retain perlite

- Inorganic amorphous volcanic glass
- Compressed under vacuum between 

inner vessel and outer jacket
- Good tradeoff between cost and 

insulation properties

MLI

- Layer of Aluminium/Polymeric sheets
                  Mylar, Lydall...

- More efficient than perlite
-  Complex to wrap

⇒ Next generation : Aerogel, Foam, ...
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Liquid hydrogen storage
Stationary storages - Location

19

■ In most of the cases, LH2 tanks are aerial → Above ground

■ But a few cases of underground LH2 storages

￭ buried (LNG, LOx) or vault (LH2 in Germany)

List of known underground liquid hydrogen storages

■ Advantages
Footprint/layout reduction, could foster societal acceptance for urban environment…

■ Drawbacks
Lack of knowledge/feedback, H2 confinement, ageing, maintenance…
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LH2 storage
Mobile tanks

20

11 kg LH2 / Vtank = 265 L / Mtank = 71 kg

HEAVEN FCH JU project
Successful flight summer 2023 Maribor Slovenia

10 kg LH2 
Mtank = 100 kg

5.4 kg LH2 
Mtank = 50 kg
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4
H2 filling center & Distribution
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LH2 delivery chain
Overview

22
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LH2 supply chain
Equipment

23

■ Large trailers
￭ US Jumbo design for Airgas 
￭ 53’ trailers, 66 m3 ⇒ 4, 35 t payload

■ Short trailers / A-Double train configuration
￭ Specific to US market, complex valve cabinet

■ ISO40’ containers
￭ Payload : 2.7 t
￭ One way travel time up to 50 days

■ Compact trailers  (ISO 20’ containers)
￭ Payload 1.2 t

■ On site storages
￭ Sizes from 1 000 to 2 000 m3 in operation or designed at AL
￭ Max 4000 m3 at NASA

■ Space / Car industry / Aeronautics
￭ Tailored designs
￭ Most of them are under strict NDA

Example of A-Double train configuration operated in Canada (LN2)

ISO 40’ LH2 container

Example of Airgas LH2 Jumbo trailer manufactured by Worthington 
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H2 filling center & transfer with LH2 trailer

24

Actually
■ LH2 transfer by pressure build up (small ext HEX) 

⇒ P “mother storage” > P “daughter storage” 
⇒ “natural” LH2 transfert

■ Drawbacks

￭ Slow transfer (1 to 2 t/h)
￭ P ↗ in the “mother” storage ⇒ need of venting

Near future
■ LH2 transfer by pumping (no flow limitation)

using a centrifugal cryogenic pump

■ Drawbacks

￭ Cost of the pump
￭ Frequent maintenance of the pump
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LH2 distribution
Road transport

25

■ LH2 trailers capacity: up to 5 t-H2 - 12 bar

■ H2 boil-off can occur during transport despite the super-insulated design of tankers

￭ potentially 0.5% per day

■ H2 boil-off up to roughly 5% also occurs when unloading LH2 on delivery

■ Boil off can be vented or valorized (compressed, recycled…)

■ LH2 tanks on the trailers are insulated using a vacuum super insulation (MLI)
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LH2 distribution
Ship transport

26

NASA LH2 barge fleet
From Louisiana to Florida

5 t capacity since 1990

The world’s first LH2 carrier ship SUISO FRONTIER
launched in December 2019 in Kobe, Japan (HySTRA project)

Ship length 116 m, width 19 m
LH2 tank with a capacity of 1 250 m3 (90 t)
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LH2 distribution
Pipelines

27

■ Pipeline transportation of LH2 at a small scale only

■ Pipes for transferring cryogenic LH2 must comply with the extreme low temperature of LH2
and the associated insulation requirements

■ Similar to LH2 storage tanks, pipelines are of double-wall design and vacuum-jacketed

■ Stainless steel is usually taken for the inner line with low heat conduction spacers
as a support in the vacuum jacket

■ Cryogenic pipes must be sufficiently flexible which can be done by appropriate pipe routing
and expansion joints

⇨ During the period of chill-down of an LH2 line,
a two-phase flow develops which is stratified for horizontal flows

⇨ This phenomenon is encountered particularly in refuelling lines
where chill-down is required before the fuelling process itself begins
to avoid the gaseous phase to enter the tank
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5
LH2 refuelling stations & applications
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LH2 storage-based refuelling station
LtG HRS

29

■ A LH2-based refueling station basically 
consists of : 
￭ a LH2 tank (around 20 m3)

with a maximal operating pressure of 10 bar
￭ an insulated process line driving LH2

from the storage tank to a vaporizer
￭ a heater to heat up H2 at 1000 bar
￭ 1000 bar gaseous buffers (few m3)
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LH2-based filling station
For FCV and Forklift

30

900 bar - 100 kg.d-1

Coca Cola - Charlotte - USA
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LH2-based refueling stations
Oakland (US) First Element Fuel LtG HRS

31
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LH2-based refueling stations
Tobishima (Japan) L-t-G HRS

32
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LH2 applications
LH2 system for mobility - Trucks

33

Musashi-9 LH2 truck Musashi Institute of Technology (Japan) Mercedes FC truck GenH2 concept with LH2 storage

H2-powered engine with a 150 L LH2 tank
A high pressure LH2 pump delivers fuel to ICE  

Total output of 300 kW with 2 FC  stacks
1000 km on a single tank filling recently demonstrated
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LH2 applications
LH2 system for mobility - Ships

34

■ SF-BREEZE
￭ A zero-emission, H2 fuel cell, high-speed passenger ferry (California)

￭ Designed for 150 passengers - 100 km / day  at a top speed of 35 knots (~65 km/h)

￭ 1,2 t of LH2 are stored in a single tank installed on the roof

￭  41 PEMFC racks (4* 30 kW FC stacks) ⇒ 4.92 MW

■ NORLED HYDRA ferry
￭ Power is provided by two 200-kW fuel cell modules

￭ The LH2 tank (3.8 t) will be installed on the roof

■ TOPEKA prototype FC ship
￭ Starting in 2021 the EU project HySHIP with 14 partners and led by the Norwegian 

shipping operator Wilhelmsen

￭ Equipped with a 3 MW PEM fuel cell stack and supported by a 1 MWh battery pack

￭ On‑board single LH2 tank (6 t  installed on the roof)

■ Many others under NDA
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LH2 infrastructure
 

Many thanks

Do business efficiently, 

responsibly, sustainably

AND  Safely!


