
I
Chatou France    •    November 7th 2019
Fabrice Del Corso    •      R&D

   

Contribution of hydrogen to decarbonisation of EIIs
AIR LIQUIDE, A WORLD  LEADER IN GASES, TECHNOLOGIES AND SERVICES FOR INDUSTRY AND HEALTH THIS  DOCUMENT  IS  •CONFIDENTIAL

This document and the information contained herein is l’Air Liquide S.A. or one of its affiliates’ property. The document is 
confidential business information and may furthermore contain confidential technical information. It is provided to certain 
employees of the Air Liquide Group for their internal use exclusively in the course of their employment. Any reproduction 
or disclosure of all or part of this document to third parties is prohibited without the express written consent of an 
authorized representative within the Air Liquide Group. If you have received this document by mistake, please immediately 
notify the sender and destroy the original message.

Chatou France    •    November 7th 2019
Fabrice Del Corso    •      R&D

THIS  DOCUMENT  IS  •CONFIDENTIAL

Contribution of 
hydrogen to 
decarbonization of 
EIIs

To change 
cover image:
- In the menu: 
View / Master
- Click on the 
image center and 
delete it
- Insert new 
image and send 
it to back
- Position it and 
crop it to fit the 
shape
(WBL covers & 
slides available 
below and in the 
master)



2 Chatou France    •    November 7th 2019
Fabrice Del Corso    •      R&D

   

Contribution of hydrogen to decarbonisation of EIIs

40 years of development in Hydrogen for our customers
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  > 14 bn m3/yr

  > 1,850 km H2   
     pipeline

  ~ 50 large H2/CO 
     plants

 ~ 40 electrolysers 
     in  operation

  > 2 bn € sales 
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Contribution of hydrogen to decarbonisation of EIIs

Air Liquide : Co-founder of the Hydrogen Council 
Widening of sector and geographic interest at CEO level

H2 COUNCIL 
covers Europe, Japan, 
Korea, US, Middle 
East & China

60 members 
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INTERNATIONAL COOPERATION IS KEY TO UNLOCKING THE HYDROGEN ECONOMY



Enable the renewable energy system

There are seven roles for hydrogen in the energy 
transition

Act as a buffer 
to increase system 
resilience

Distribute energy 
across sectors and 
regions

Enable large-scale
renewables integration 
and power generation

2

3
Serve as feedstock, 
using captured carbon

7

Decarbonize 
industry energy use

5

Help decarbonize
building heating and power

6

1

Decarbonize end uses

Decarbonize 
transportation
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In a 2-degree-world, hydrogen could contribute
~18% of demand
Potential global energy demand supplied with hydrogen, Exajoule 
(EJ)
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Transportation
4

Power generation, 
buffering

1

Industrial energy
5

Building heat and power
6

New feedstock (CCU, 
DRI)

7

Existing feedstock uses

18%
of final energy 

demand

SOURCE: Hydrogen Council



The technologies exist and are ready to be deployed

Transportation

Power 
generation

Industrial 
energy
Building heat
and power

Industry 
feedstock

Today 2020 25 30 35 40 2045

Start of 
commercialization

Mass market 
acceptability1 

In renewables-constrained countries
In other countries

Forklifts
 Medium and large cars

City buses
Vans

Coaches

Trucks

Small cars

Minibuses
Trams and railways

Passenger ships

Synfuel for freight
ships and airplanes
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Medium-/low industry heat

Blended hydrogen heating

Production of methanol, olefins and BTX using H2 and captured carbon2

High-grade industry heat

Pure hydrogen heating

Refining
Ammonia, methanol

Decarbonization of feedstock4

Steel3

1 Mass market acceptability defined as sales >1% within segment in priority markets
2 Market share refers to the amount of production that uses hydrogen and captured carbon to replace feedstock
3 DRI with green H2, iron reduction in blast furnaces and other low-carbon steel making processes using H2
4 Market share refers to the amount of feedstock that is produced from low-carbon sources
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Contribution of hydrogen to decarbonisation of EIIs

Natural gas

Biomass

Renewables

Steam Methane 
Reforming (SMR)

Auto Thermal 
reforming (ATR)

Electrolysis

Liquefaction & 
Compression

CCS

Blue Hydrogen supply chain- Air Liquide Technology portfolio
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Contribution of hydrogen to decarbonisation of EIIs

Mastering a complete portfolio of low carbon, safe and efficient solutions

Electrolysis bio-CH4 + SMR/ATR SMR/ATR + CCS
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Contribution of hydrogen to decarbonisation of EIIs

What about production costs ?

9

Based on 100,000 m3/h 
SMR

Source = ZEP (Zero Emission 
Platform), “ Commercial Scale 
Feasibility of Clean Hydrogen”, , 
April 2017.
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Hydrogen Carbon footprints
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SMR from Natural Gas (Netherlands 
conditions)

SMR without CCS Partial CCS on SMR
60% CO2 capture rate

kg CO2eq/kg H2 10 5

Alkaline Water electrolysis
(Electricity for operations only) Netherlands Market 

electricity mix
Quebec market 
electricity mix Wind Mill offshore (Denmark)

gCO2/kWh of electricity 593 22 15
kg CO2eq/kg H2 35 1.4 0.9

Database Ecoinvent v3.4 
Method IPCC 2013 GWP 100a
H2 pressure = 100 bar
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more than 30 electrolyzers in 
operation worldwide

Mainly Alkaline technology
usual range: 50 - 100 Nm3/h H2

ONSITE

HYBALANCE 1.25 MW 
One of largest PEM 
In operation

Electrolyzer: scale up has started

2019

Scale up to 
 100 MW +

Preparing the 
next step 

2018

< 2017

BECANCOUR 20 MW
Largest PEM project

Under execution

http://hybalance.eu/
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Contribution of hydrogen to decarbonisation of EIIs

Guarantee of H2 origin

● Definitions : build on CertifHy framework 

Low Carbon = Foot print < 60%(*) 
below Benchmark (SMR) from cradle to gate

Green H2 =  From REnewable AND Low Carbon 

● Both low carbon and renewable H2 needed

● An harmonized GoO system covering both 
attributes 
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Contribution of hydrogen to decarbonisation of EIIs

Hydrogen for steel  - H2 for Direct Reduction of Iron 

Source  : 
HYBRIT project
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Contribution of hydrogen to decarbonisation of EIIs

Hydrogen for steel  - H2 for Blast Furnace

Source  : 
ThyssenKrupp
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Example of ATR Based Hydrogen Production + CCS in 
Refinery

Pure ATR based Hydrogen Plant

NG + 
Refinery 
OG

CO2 for Storage

Decarbonised 
H2 fuel

NG fuel

CO2

NG fuel

CO2

NG fuel

CO2

NG fuel

CO2

NG fuel

CO2

NG fuel

CO2

NG fuel

CO2

H2 fuel header

Pure H2 network

PSA Offgas as 
fuel
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Thank you for 
your attention
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