
Loving the Alien: 

CO2 deserves our affection but save a seat for some 

other surprising climate change allies

Jan Mertens
Chief Science Officer @ENGIE

Visiting Professor @ Ugent
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18 November 2021 



Loving the Alien

51

3
3

32
65

21

17

3

ENGIE carbon footprint in 2019 

192 Mton CO2eq

(*) power sales emissions are not included. A 
first assessment of power sales emissions 
estimates these at ~30 Mton CO2e in 2019. 

(*)

Upstream emissions

Purchased goods & 

services, buildings

Energy Sales 

(Use of sold products)

Power generation 

(non-controlled assets)

Power, steam, heating, 

cooling consumption

Gas infrastructureScope 3
135 (70%) Scope 2

3 (2%)

Scope 1
54 (28%)

Power generation 

(controlled assets)

Proposed net zero ambition by 2045 covers all scopes including procurement and upstream emissions, but 

intermediate targets are limited to energy generation and sales, the two most important sources of emission
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Pilots are key for ENGIE and a large part of the research budget
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Marginal abatement costs differ as a function of the industry 

for the different pathways towards carbon neutrality

Falko Ueckerdt, Christian Bauer, Alois 

Dirnaichner, Jordan Everall, Romain 

Sacchi, Gunnar Luderer. Potential and 

risks of hydrogen-based e-fuels in 

climate change mitigation. Nature 

Climate Change, 2021; 

DOI: 10.1038/s41558-021-01032-7

3 pathways towards 

carbon neutrality 

(order is 

important!):

1. Increase 

efficiency

2. Electrify what is 

possible

3. Need for 

molecules

http://dx.doi.org/10.1038/s41558-021-01032-7


GN

Pyrolysis H2
Cracking of methane under the effect 

of heat separating H2 from solid carbon

SMR-CCS H2
Reforming of natural gas to 

produce H2 associated with the 

capture and storage of CO2.

Renewable H2
Electrolytic process breaking 

down water into dioxygen and 

hydrogen, using electricity 

from green sourcing By product H2
Produced from other 

industrial processes

H2 Storage

Nat Gas

Nat Gas

CO2

CO2

@Engie BU GEM
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How to transport or store 10kWh of energy?

≈ 13.3 L of H2

(20°C, 350 bar), gas

≈ 7.7 L of H2

(20°C, 700 bar), gas

≈ 4.2 L of H2

(-250°C, 1 bar), liquid

≈ 3.1 L of NH3

(-30°C, 1 bar), liquid

≈ 1.7 L of CH4

(-160°C, 1 bar), liquid

≈ 1.1 L of Diesel

≈ 27 L of battery electricity

* Mertens, J., R. Belmans and M. Webber, 2020. Why the carbon neutral transition will imply 

the use of lots of carbon. C-Journal of Carbon research, 6 (39), 1-8
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25 vol% H2 was mixed 

with CH4 (no hardware 

changes)

No significant impact on 

power output and 

efficiency 

NOx emissions increase slightly 

but tuning allows to reduce the 

NOx emissions to the base 

emission levels
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Natural Gas 

Infrastructure

CH4

CO2

Today’s Gas System 

Takes C From The 

Earth’s Crust  and 

Puts It Into the

Atmosphere
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Tomorrow’s Gas 

System Could Take 

Carbon From The 

Atmosphere To 

Make The Gas

Natural Gas 

Infrastructure
CH4

CO2

H2O

CO2

Gas 

Synthesis

Energy 

Source
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The Day After 

Tomorrow’s Gas 

System Could Take 

Carbon From The 

Atmosphere And Put 

It Into Products or 

The Crust Natural Gas 

Infrastructure
CH4

CO2

Gas 

Synthesis

Energy 

Source

CCS

CO2

H2O

CO2

sequestration

products
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Power – to – e-methane: example of Methycentre

14
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It will be AND hydrogen AND methane AND methanol AND FT 

fuels AND …. 

Ram M., Galimova T., Bogdanov D., Fasihi M., Gulagi A., Breyer C., Micheli M., Crone K. (2020). Powerfuels in a Renewable Energy World - Global volumes, costs, and 
trading 2030 to 2050. LUT University and Deutsche Energie-Agentur GmbH (dena). Lappeenranta, Berlin.

Main 

source of 

CO2 will

come from

DAC 

(Direct Air 

Capture)

Mix of 

molecules!
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R&D 

Pilot

Demonstration

(2014 - …) 
Thermocatalytic hydrogenation

H2 electrolyser (2 * 0.5 MWe)

Thermocatalytic hydrogenation

H2 electrolyser (1 Nm3/h -15 bar)

Formic acid 

DME 

E-methane

E-methanolPort of Antwerp

CCU Hub Ghent

Thermocatalytic hydrogenation 

H2 electrolyser @ 63 MWe

E-methanol

Hycaunais

Methycentre

E- methane

Engie ecosystem

BU-GEN, BU-H2, BU-MESCAT

STORENGY            AXIMA

ENGIE Impact         ENGIE Disruption

GRTgaz TRACTEBEL        

ELENGY                 GEM

GRDF ENGIE Research

E-methane

Bioconversion 

H2 electrolyser @ 1MWe

Thermocatalytic hydrogenation 

H2 electrolyser @ 3 MWe

Thermocatalytic hydrogenation 

H2 electrolyser @ 250 kWe     

Charleroi E-methane

Bioconversion 

H2 electrolyser @ 75 MWe      

HyNetherlands

100 MW (2024/2025)
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IEA, WEO special report, 2021. The Role of Critical Minerals in Clean Energy Transitions.
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IEA, WEO special report, 2021. The Role of Critical Minerals in Clean Energy Transitions.
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• Artisanal and small-scale mining:

➢ Sapphires

➢ Gold

➢ Diamonds

➢ Tantalum

➢ Cobalt

• Small production volumes

But extreme environmental (and social) impacts

• Cobalt mining in Congo faces serious ethical and 

social issues
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“Whiskey is for drinking,

Water is for fighting over.”

American West Proverb
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Energy

Water

Food

Environment

Poverty

Terrorism & Wars

Disease

Education

Democracy

Population

C
o

v
id

-1
9

“Clean water is a great example of something 

that depends on energy. And if you solve the 

water problem, you solve the food problem.”
R. Smalley, 2005

event;)
• Nobel Laureate

• Discovered ‘Bucky balls’

End of his life, many speeches with a list 

of the word’s top 10 challenges!
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• Opportunity: 

Infinite energy gives infinite 

water, and vice versa

• Bad news: cross-cutting vulnerability

Water problem becomes 

energy problem, and vice 

versa

• Good news: cross-cutting solutions

https://ecoclean4ullc.com/resources-energy-and-water-efficient-products/
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To produce 1 kg of 

Hydrogen, we need 9 kg 

of pure, clean water!!!
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• If combined with DAC and e-fuels production: 

HEAT from e-fuels production → useful for DAC

Water from DAC → useful for e-fuels production

→ Perfect circular system in terms of: 

Energy

Water

CO2
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engie.com

Want to know more : download our latest 

version of our emerging sustainable 

technologies document:

https://www.engie.com/en/news/report-emerging-

sustainable-technologies 


