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Liquid Hydrogen: Enabling a Scalable Hydrogen Economy
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Introduction: Chart Industries at a glance
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Chart Industries in Hydrogen
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Hydrogen Liquefaction Hydrogen Compression Hydrogen Storage Hydrogen Refuelling
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Cryogenic Transportation Floating Liquefaction Hydrogen Railcars Hydrogen On-Board Hydrogen ISO Containers
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Solid Track Record in Hydrogen
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orld’s Largest Green World’s Largest Hydrogen Europe’s Largest Bio World’s First Ship Operating World’sFirst Green Steel
Hydrogen Project Refuelling Station Refinery on Carbon neutral Fuel Plant

Multiple H2 Liquefaction
plants in N Americas & Europe

World’s Largest H2
Compression Solution
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Supported 220+ pro;ects in 25+ countrles m!'udmg some
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Desalination H2 Integrated Project World’s Largest Underground

H2 Storage project
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Shell Holand H2 One 200 MW : Australia’s First Hydrogen Europe’s First Refinery
Project World’s First eFuel Plant Blending Pipeline Project Decarbonisation Project

© 2025 Chart Industries, Inc. Confidential and Proprietary




Hydrogen

Production

&’
i
E:

Wind Solar

Transportation

Hydro Electrolysis

Natural gas

Biomass

Steam methane

reforming Hydrogen

gas

Biomass
gasification

@

ﬂﬁl

Partial
oxidation

]
Waste
gasification

Pipelines
(Natural gas and hydrogen)

=

Tube trailer

ron

Pipelines
(Hydrogen)

Hydrogen
liquefaction

7Y

LOHC

Methanol

Ammonia
(Gas or liquid)
P
["FYY VY
4
Liquid -
hydrogen Carrier ship

Storage

)

High pressure
tanks

Low/medium
pressure tanks

===

'—

Underground
salt caverns

Gaseous H2 storage

I Transportation

Liquid H2 storage

B

Power generation and grid balancing

o m

Building and industry heat

Diaphragm » 44O} Screw
compressor compressor

Centrifugal Reciprocating

piston

compressor
P compressor

© 2024 Chart Industries, Inc. Confidential and Proprietary 5




Hydrogen compression for liquefaction

Large scale hydrogen compression

e Suited for giga-scale electrolyzer systems with capacity of +500 MW
e lLarge API618 Reciprocating Compressors

e Qil-free design with FFP™ technology

e State of the art Control System and Monitoring System

e Compressor ancillaries (process + auxiliary) systems and piping

Application parameters Performance envelope

Application Green Hydrogen
Inlet flow >170.000 Nm3/hr

b sz
Mole weight [kg/kmol] 2.016 g/mol

Outlet Pressure 13 bar(a) 188.55 psi(a)
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Hydrogen Liquefaction — Technology Overview
& Key Challenges
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Technology Overview
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Hydrogen Compression Pre-cooling CEyogienlc
Fee (~20 bar) (to 80K) el

(99.995% H,) (<30K)

i . Liquid
Expansion Separation -
(to 20-23K & 1-2 bar) Hydrogen

1) Pre-Cooling
[to 80°K = - 193 °(C]

4

2) Cryogenic Cooling

Using Catalyst embedded
inside the finned heat

Cooling down the
[to <30°K = - 243 °C] Hydrogen to -253 °C exchangers to convert the

hydrogen molecule from

‘ Stat_"hzmg Hy(.j rogen ortho- (unstable) to para-
against vaporization hydrogen (stable).

3) Expansion using JT effect
[to <~20°K =-253 °C].
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Process Schematic
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Contact us:

Niek Albers

Director Project Management & Engineering
Howden Thomassen Compressors

Email: niek.albers@chartindustries.com

@HAR@ www.chartindustries.com
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https://www.facebook.com/ChartInd
https://www.linkedin.com/uas/login?session_redirect=%2Fcompany%2F27725%3Ftrk%3Dtyah
https://twitter.com/Chartind
https://www.youtube.com/user/ChartIndustries
https://www.instagram.com/chart_industries/
mailto:niek.albers@chartIndustries.com
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