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Focus on Carbon embedded in chemicals and derived materials*
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* Nova Inst. scenario 2023

→ Carbon demand for fossil feed 
stock 2023

• C embedded in chemicals and derived materials 

• 550 Mt in 2020 (5% of global fossil C demand)

• Fuels not included

→ Nova’s scenario for 2050
• 100% increase of the C demand

• No more fossil

• CO2 based Target = 25 % 

• Ambitious (300 MT !)
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Less ambitious for others !!



CCU in a nut shell 
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CO2 chemical valorization overview
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→ Chemistry 
• Challenge 

• high thermodynamic stability of the CO2

• New chemistry that requires 

• significant energy input

• Development of new efficient and selective 
catalysts

• Development of new technologies

Carbon Day – CCU- D. Garrait

→ Main classes of products
• Depending on the “reduction level”

• Everything possible vs TRL

• Numerous academic work



CO2 chemical valorization
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CO2 for polymers
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CO2 chemical valorization overview - Drivers
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→ Examples of Technology Readiness Level (TRL) by product (best technology)



Renewable Carbon from CO2 capture : Players

07/02/2025

→ Start-ups : non exhaustive
• Around 120

CCU D. Garrait
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Renewable Carbon from CO2 capture : Players

07/02/2025

→ Producers
• Mainly for fuels

• Examples of producers :

• Celanese (MeOH 130kt/y)

• Jiangsu Sailbot (MeOH 100kt/y)

• Covestro (polyols 5kt/y)

• LG Chem (Poly Ethylene Carbonate)

• Perstorp Project Air (Methanol)

• Total Energies e-CO2Met (Methanol)

→ Technology providers
• Topsoe, 

• CRI 

• Johnson Matthey (importance of catalysts)

• Lanzatech

CCU D. Garrait



CO2 chemical valorization overview - TRL
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→ Players
• Numerous start-ups >120

• larger companies mainly on chemical processes

• IP activity on CO2 as a raw material since 2009

• China positions itself as a leader
• Highest number of commercial plants

• Highest IP contributor by far today

Process TRL Drivers 

Thermochemical 3-9 MeOH, fuels, polyols…

Electrochemical 3-6 CO, syngas, formic acid

plasma <6 CO

Biotechnology 3-9 Ethanol

Photocatalytic… <3

Mineralization 9 Carbonates, concretes

→ Technology Readiness Level
• 3 at industrial scale

Carbon Day – CCU- D. Garrait



CO2 chemical valorization overview : MSP and CFP
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→ Minimum Selling Price
• Highly depends on the :

• Technology

• CO2 source cost (capture and purification)

• Energy costs (nature, location)

• Available government incentives

• Examples of available MSP ranges

→ Today, most customers are not ready to pay for premium

Product MSP  vs fossil

Methane ~ 2x

Methanol ~ 2-4x

Ethanol ~ 2-4x

Fuels ~ 6x

Treated Aggregates < 1,5x

Cured  Aggregates ~ 1,5x

→ Carbon Foot Print (CFP)
• Expected to be less but depends on the: 

• Technology, CO2 source, Energy mix

• Can be up to -100% by 2050 
• technology improvements and economies of scale

• Fully decarbonized renewable energy, 2050

Carbon Day – CCU- D. Garrait
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CO2 chemical valorization detailed example : Methanol 1/3

→ Application
• Fuels : maritime, aviation (e-SAF),

• Chemicals, building block for PP, PE, POM..

→ CCU Grades
• E-methanol :    CO2/renewable H2 

• Low C methanol: CO2/non renewable H2

→ plants and projects by 2030
• Today fossil capacity > 140Mt/y (fossil)

• 2030 CCU grades : 47Mt

• 265 for renewable and low-carbon methanol

• 50% on e-Methanol, > 50% in China, 

• Producers : Celanese, Mitsui, CRI, Jangsun Sailbot… 

• licensors and catalyst providers

• Established : Haldor Topsoe , Air Liquide, JM, Axens

• New : CRI, REintegrate, bse methanol
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CO2 chemical valorization detailed example : Methanol 2/3

→ Plants operational in 2025
• Mainly Low C projects

• 370kt/y (GENA’s project) 

→ Plants feasibility, engineering, under 
construction and operational by 2030

• Higher capacities announcements (total 21Mt/y capacity)

• China (1800kt/y) start planed 2028 

• USA (1400kt/y) start planed 2029 

Henan 2022 (110kt/y)

Duolun 2025 (28 kt/y)

Celanese/Mitsui 2024 (130kt/y)

Kasso 2025 (42 kt/y)
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CO2 chemical valorization example : Ethanol 
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→ Applications  
• fuel additive (main driver)

• solvent

• starting reagent for chemistry, polymers

→ Technologies

• Lanzatech leading biotechnology provider

• Capacity >300kt/y vs existing plants, 

• few available data about Chinese producers 

→ Focus on Lanzatech

→ MSP Lanzatech
• e-Ethanol  1 to 2*bioethanol  2 to 4*fossil

Process TRL

Thermochemical 4

Electrochemical 3

Biotechnology 8 - 9

Others <3
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CO2 chemical valorization example : CO2 based polymers
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→ Direct synthesis : CO2 copolymer
• Aliphatic polycarbonates, PC based polyols for PU foams and CASE

• Chemical processes (TRL 9) – Procédé sans phosgène

• Examples of polyols producers
• Covestro/Cardyon® 

• Saudi Aramco/Converge® (ex Novomer)

• Econic/Carnol™

Carbon Day – CCU- D. Garrait
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Conclusions
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• Enhance competitiveness and visibility

• Financial incentives (e.g., CO₂ tax).

• Supportive regulatory and policy framework

• Improve technology (catalysts etc. )
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• Ensure the availability of renewable energy

• Allocation,  infrastructure, energy storage

• Ensure the access to renewable CO₂ sources

• Purification, transportation, storage 

→ CCU essential for 2050 Carbon neutral goals - strong contributor
• PROs and CONs vs bio-based products

→ Economics still far from market => Much too high premium prices

→ China CCU technology and market leader 

→ Key Requirements for Successful Development

PROs CONs

 Almost unlimited potential  Competition on renewable energy (Food > Fuels > Chemicals)

 Low demand for land and water  High CAPEX needed

 High TRL techno available  High OPEX needed 
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The Carbon tree
Compounds that have been 
made from CO2 from lab  
to commercial stage; 
« The CO2 tree », H. 
LeClerc and al., ACS 2025


