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• Carbon neutrality by 2050, together with society.
• 10 % of annual R&D budget is dedicated to CCUS 
• Store at least 10 millions tonnes of CO2 per year by 2030

Renewables & 

low-carbon energy

Carbon Capture & 

Storage (CCS)

NBS & 

Direct Air Capture

Septembre 2021 — Stratégie et perspective4



The scale of the challenge ... HC vs renewables !
bp Statistical Review of World Energy 2022 | 71st edition
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This (renewables) ...

Has to replace

THIS (Fossil hydrocarbons) 

CO2 + H2O +
Renewable Energy

→ Sustainable HC’s



CC(U)S : a case of source to sink matching
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Adapted from : 

http://research.american.edu/carbonremoval/w

p-content/uploads/sites/3/2020/12/reduce-

remove-recycle_final.pdf

Prefer to Avoid

Reduce

Compensate



• Size of the source

• Place of the source

• Point source

• More diffuse sources

CC(U)S : 
a case of source to sink matching

https://www.coastreporter.net/local-news/howe-sound-

pulp-and-paper-gets-nearly-17-million-for-emission-

reducing-projects-5018434

Pulp & Paper
Howe Sound, Port Mellon Mill

Boiler upgrade
1.7 M$

50 kT (-15% CO2e)

Waste to Energy
Amager Resource Centre

Pilot : 50 kT
Plan for 500 kT

Cement
LafargeHolcim, Richmond

Pilot : 1 T CO2/day

https://www.euractiv.com/section/energy-
environment/news/copenhagens-dream-of-being-carbon-neutral-
by-2025-go-up-in-smoke/

https://www.lafarge.ca/en/project-co2ment



CC(U)S : a case of source to sink matching
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Geospatial distribution of biogenic carbon dioxide removal potential from existing point 
sources in Europe in 2018. The figure shows incinerators, pulp and paper, and bio-power 
facilities emitting more than 0.1 Mtons CO2 per year,54 and wastewater treatment plants 

processing more than 100 000 population equivalent of wastewater per day

Geospatial distribution of biogenic carbon dioxide removal potential from distributed
sources of biogenic CO2 in Europe. Distributed sources of biogenic CO2 are livestock manure, 

household organic food waste, and crop residues. The figure shows location and name of 
ten prospective carbon storage sites that are planned or in start-up phase in Europe.

Assessment of carbon dioxide removal potential via BECCS in a carbon-neutral Europe

Lorenzo Rosa, Daniel L. Sanchez and Marco Mazzotti, Energy Environ. Sci., 2021, 14, 3086-3097

5% of 2018 European
emissions (200 MT 

CO2 /y), could be
mitigated with biogenic

CDR from BECCS 

https://pubs.rsc.org/en/content/articlehtml/2021/ee/d1ee00642h#cit54


CC(U)S : a case of source to sink matching
… one can argue that ‘transport’ is a deciding factor …
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Emission-based distribution of source–sink (North Sea 
Storage) transport amount and distance of European CO2. 

Assessment of carbon dioxide removal potential via BECCS in a carbon-neutral Europe

Lorenzo Rosa, Daniel L. Sanchez and Marco Mazzotti, Energy Environ. Sci., 2021, 14, 3086-3097

For longer transort distances, maybe
geological storage is not the best option

➔ Bioenergy / Bioproducts



• Air : the most abundant & dilute source of 

CO2

• Advantage : not site specific

- control transport

• Disadvantage : energy requirement (and 

type)

CC(U)S : a case of 
source to sink matching

https://www.hifglobal.com/haru-oni

Haru Oni, Chile
350 T/y MeOH 

130,000 L gasoline /y

Mammouth
38 000 T/y

Orca
4000 T/y
Start Nov 2021

https://climeworks.com/roadmap/orca



Some worldwide DAC ‘projects’ today …

9

Carbon Engineering

Climeworks

Global Thermostat
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https://www.catf.us/2022/07/direct-air-capture-growing-around-world-more-policy-support-needed/

STORREGA
0.5-1 MTPA
→ storage

MOU 
Northern Lights

CARBFIX
Start 2021
4000 TPA
→ storage

VALSER
→ Carbonated water

LANZATECH
0.5-1 MTPA
→ Ethanol

Integration levers:

• Green (or low-carbon)  energy

• Plot space

• Storage site (DACCS)

HINWIL
900 TPA
→ Greenhouse

Carbon Removal
0.5-1 MTPA
→ storage

HURON CLEAN ENERGY
→ Fuels

1PointFive
40 hectares land
0.5-1 MTPA (2024)
→ EOR, Storage

HARU ONI
→Methanol/Fuels 
Pilot :130 000L (2022)
Aim : 55 ML (2024)

US DOE DAC HUBS
3.5 B$ /  4 hubs 
1 MTPA each hub
→ Storage



What energy should we use for DAC ?
Map of renewable energy source potential and geological storage
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IEA / Direct Air Capture, A key technology for net zero

https://iea.blob.core.windows.net/assets/78633715-15c0-44e1-81df-41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf

Renewable energy considered :

- Wind

- Solar

Should also consider at least :

- Geothermal

- Hydro
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Magallanes Region, Chile

• Siemens Gamesa wind turbine → 3.4 MW

• H2O Electyrolysis→ Silyzer 200 PEM 

• DAC ➔ Global Thermostat

• MeOH synthesis →MAN / Johnson Matthey 
→ 750 000 L/y (2022)

• MTG (ExxonMobil) → 130,000 liters per year

Phase 2++

• Wind Farm → 280 MW → 2,5 GW

• 55 million liters e-gasoline per year by 2024 and over 550 million 
liters per year by 2026

• Ship transport (MeOH powered ?) to Europe ➔ One container has 
a loading capacity of 25,000 – 30,000 liters.

(https://www.haruoni.com/#/en)
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Haru Oni : 
e-H2 + CO2(air)→MeOH → gasoline



• Market for the sink

• Today use 230 Mt(CO2)/y
• 130 Mt/y → urea

• Others : EOR, food & drinks, metal, fire 

extinguishers, greenhouses.

• Future 

- CO2 to energy

- CO2 to sustainable products

CC(U)S : a case of 
source to sink matching

https://www.iea.org/reports/putting-co2-to-use



Should we consider CO2 to chemical energy as a
long-term energy storage solution vs batteries for ex.

Size and time scales of energy options

What is the best energy source to 

convert CO2 : heat, H2, e
- ?

Quid : integration, intermittency …

What are the best energy vectors ?
CH4, or other chemicals from CO2

capture : Ethanol, methanol, C2H4

13 3/10/2022 : Colloque Maison de la Chimie : Sources de carbone pour les grands intermédiaires de la chimie organique



What should we transform CO2 into ?
What is the market need ? … and future market ?
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Zhenyu Jin et al., Sustainability 2022



• Pathways to sustainable air fuel

• Choices made by our program

- Methanol

- Ethylene

- Direct conversion to liquid 

hydrocarbons

Projects @ CCU R&D



Various pathways from CO2 to sustainable molecules
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ETH Zürich, TotalEnergies, Institute of Chemical Research of Catalonia and Paul Scherrer Institute, the 

Sustainable Methanol team are being recognised for the discovery, fundamental understanding, and technical 

development of a novel catalytic technology for the recycling of carbon dioxide to produce sustainable methanol.
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Catalysts for CH3OH



CO2 thermocatalytic conversion to platform molecules 

→ getting some energy back into “C” ➔ e-methanol

18

• 1 MWe electrolyser, 

• 21 L catalyst reactor, 

• 0.6 CO2 t/d converted, 

• 240-360 kg H2/d used, 

➔ 0.4 MeOH t/d
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Integration of green H2 for CH3OH production



Various pathways from CO2 to sustainable molecules
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CO2 electrocatalytic conversion to platform molecules 

→ getting some energy back into “C” ➔ e-ethylene
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• New ‘Cu-based’ catalysts

• Reaction mechanisms
• Gas diffusion electrode (GDE)
• Membrane
• Anode

• GDE construction

• Device development

Electro-catalysis of CO2 to C2H4



Various pathways from CO2 to sustainable molecules
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CO2 to hydrocarbons with dual bed Fe2O3@KO2 & zeolites
Catalytic performance of the Fe2O3@KO2/zeolite bifunctional material catalyzed hydrogenation of CO2 process

22

We find that the different zeolite topologies can be classified into four distinct groups in terms of selectivity: 

(i) light olefins (MOR, SAPO-34, ZSM-58, BETA, Y), (ii) paraffins (FER), 

(iii) long (olefinic) hydrocarbons (ZSM-22), and (iv) aromatics (ZMS-5)3.

Adrian Ramirez et al., Nature 
Comm, 2021, 12:5914
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Direct conversion of CO2 to liquid HC’s



• A question of source to sink matching with some key 

parameters

- Quantity & origin of the CO2

• Point source

• Diffuse source / DAC

- Market need and price for sink

• Energy vector

• Sustainable products

- Energy requirement and type for CO2 transformation

• Electrification

• Process Integration

- Transport will be one decision factor in CCS vs CDU

Final thoughts



Want to know more about GHGT mitigation

5th April 2022 – COPIL CCS24

https://ghgt.info/


