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Despite COP21, Emissions continue to rise…



The “Kaya” Equation to summarize the issue

CO2 =
CO2

Energy

Carbon Content 
of Energy

Energy

GDP

Energy Efficiency
of the Economy

GDP

POP

Economic
Wellfare

POP

Population

World 10

China 8

US 57

FR 37

Philippines 3
Senegal 1

7.6 today

8.6 2030

9.8  2050



Small remaining budget not to exceed +2°C
Billion tonnes of CO2-eq

2°C Carbon budget emissions to 2100

3,670

2°C carbon 
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1,060

1750-1985
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1985-2015
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2015-2100
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Carbon budget compared to carbon reserves
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Oil, unconventional
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Coal
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Four major levers to enable the energy transition

Final energy consumption 1,2, 2013 and 2050, in EJ

2013

373 EJ

2050

640 EJ

4. Renewables replace fossil fuels

2. CCS/U decarbonizes the use 

of fossil fuels3

1. Increasing energy efficiency 

limits the rise of energy consumption

3. Switch to zero emission energy 

carriers, e.g., electricity or hydrogen

1 Final energy consumption within the 2DS of the IEA

2 Increase of energy demand is determined via the relative increase of CO2 emissions w/o energy efficiencies

3 The fossil fuels amount processed using CCS/U was determined to be 25% of the total amount of fossil fuels by relating the CO2 emission reduction compared for the 2DS and 6DS

4 The fossil fuel power sector also includes nuclear energy

Fossil fuels

Biomass and waste

Power sector – Fossil fuels

Power sector – Renewables

431
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Enable the renewable energy system

The 7 roles of 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

4



Potential demand for H2 in a +2°C Scenario

Potential global energy demand supplied with hydrogen, Exajoule (EJ)
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2015
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30

28

40 2050

78

10

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



Potential of Hydrogen across all applications

Relative importance by 2050
Market share potential in segment

Bubble size indicates hydrogen potential in 2050 in EJ (1 EJ)
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Steel 

(DRI)

CCU for 

methanol, 

olefins, BTX3
Refining

Ammonia, 

methanol

Heating/co-generation in 

countries with gas networks

Heating/co-generation 

in countries without

gas networks

Medium-/low 

industry heat

High-grade 

industry 

heat

Mid-sized/

large cars

Passenger 

ships

Vans & minibuses

Coaches & buses

Forklifts
Trucks

Trains & tramways

Synfuel2

Small cars

Power 

generation
Buffer1

Industry 

feedstock

Building heat

and power

Industrial 

energy

Trans-

portation

Power 

generation



Hydrogen: a clean, safe and versatile energy carrier

H2

Hydrogen is suitable

for long-term storage

H2

Can be transported

over long distances,

allowing the distribution

of energy between countries

Can be produced without 

a carbon footprint through 

electrolysis, biomethane 

and SMR + CCS

Produces clean power 

and/or heat for transport 

and stationary applications

Required as a clean 

feedstock in industry

when recycling captured CO2



Airplanes

Applications

Ferries

1 T/day 

Trains

150 kg/day 

per train

Trucks

100 kg/day

per truck

Buses

20 kg/day 

per bus

Bicycles 

& scooters

Material 

handling 

vehicles

100 kg/day 

per site

Drones

Individual cars

100-200 kg/day

per station

Hydrogen mobility

markets:

Ready to scale

TODAY

Cruise ships 

10 T/day 



Low carbon hydrogen pathways

Biomethane

Electrolysis
low carbon electricity

Natural Gas +

Carbon Capture 

and Storage (CCUS)



Hydrogen for industry

H2

Existing industrial 

usages of H2

Refining Ammonia High grade heat 

Objective: 

Shift to low carbon H2

New 

H2 markets

Objective: 

Develop new applications for H2

to replace fossil fuels

Steel production Chemical products Recovered 

CO2
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The Hydrogen Energy World today - widely shared view
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The Hydrogen Energy World
Promising market developments in many areas, going beyond mobility

> 300

> 23,000
15,000 

FCEVs > 60 
demo 

projects

250,000
installed

<5€/kg

> 500
1,150

POWER 
TO GAS

CHP

COST 
OF 

BLUE 
H2

Source Hydrogen Council

1
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First large scale projects at sight
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Hydrogen - 40 years of development for industries

21

> 14 bn m3/yr

> 1,850 km H2 pipeline

> 46 large H2/CO plants

> 40 electrolysers in  

operation

> 2 bn € sales 

Supply-chain

Production

Production & 
Supply chain

Distribution 
Networks

US Gulf Coast

Singapore

Markets Segments Key Figures

Process industries

Transportation

Northern EU

Oil & Gas

Steel, Glass

Electronics

Space
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AIR LIQUIDE: A catalyst for new markets, to enable the development of core activities

SMR w/ CCS 
and/or Biogas

Electrolysis Filling Centers Gaseous Tube Trailers

H2 Liquefiers Cryogenic Liquid Trailers

H2 Production H2 Conditioning H2 Distribution Dispensing and Retail

Build – Own - Operate Minority Stake

Technology / Know-how / Expertise
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TWO MAJOR INVESTMENTS to enable growth of Fuel-Cell Vehicles in North America

SMR w/ Biogas 30 Tonnes/day
H2 Liquefier

150 MUSD

20 MW Electrolysis
(Hydropower - Quebéc)

H2 Liquefier

H2 Production H2 Conditioning H2 Distribution Dispensing and Retail
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2nd Hydrogen Energy Ministerial

To k y o ,  J a p a n
2 5  S e p t e m b e r  2 0 1 9
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KEY STEPS NEEDED TO SUCCESS

SHARED VISION BETWEEN KEY 
COUNTRIES

ARCHETYPE DEPLOYMENTS 
ALONG THE VALUE CHAINS

CLEAR REGULATIONS 
FAVOURING COMPETITIVE 
DEPLOYMENTS

SUPPORTING SCHEMES TO 
BRIDGE GASP TO 
COMPETITIVENESS

ONGOING

ONGOING

SCATTERED

MISSING



CONCLUSION

• HYDROGEN TECHNOLOGIES ARE READY FOR SCALE UP

• VOLUME WILL BRING COST DOWN

• REGULATIONS WILL BRING VOLUME

• URGENCY FOR ENERGY TRANSITION AND ITS INVESTMENT POTENTIAL 
SHALL CAUSE REGULATIONS TO COME

CONCLUSIONS



H2 Energy
At the heart

of the energy transition

Liberum - Future of E-Mobility Conference
December 11th 2019


