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The consumption of primary energy in France (2900 TWh) relies for 

40% on nuclear energy (for the production of electricity) and for 55% 

on carbon fuels

A third (1/3) of the uses of carbon products cannot be substituted with

carbon-free alternatives such as electrification, H2 or batteries 

technologies

46 Mtoe of carbon-based products will need to be produced from

renewable energy and carbon sources to ensure services dealing with:

ƴ Liquid fuels for long range transportation

ƴ Production of materials (steel, cast iron, cements)

ƴ Production of chemicals (plastics, agrochemicals, solvents, etc,)

What is the place of carbon products in the French energy system?

wŞǇŀǊǘƛǘƛƻƴ ŘŜ ƭŀ ŎƻƴǎƻƳƳŀǘƛƻƴ ŘΩŞƴŜǊƎƛŜ ǇǊƛƳŀƛǊŜ Ŝƴ 
France, pour un total de 2900 TWh, en 2018. Données 
exprimées en % (données  non corrigées de variations 
ŎƭƛƳŀǘƛǉǳŜǎύ Τ 9bw Ґ ŞƴŜǊƎƛŜǎ ǊŜƴƻǳǾŜƭŀōƭŜǎ Τ ŘΩŀǇǊŝǎ ζ 
/ƘƛŦŦǊŜǎ ŎƭŞǎ ŘŜ ƭΩŞƴŜǊƎƛŜ - Edition 2018 », données SDES; 
Commissariat général au développement durable.

Carbon based products are at
the core of energy systems
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The circular carbon
economy appears in the 
IPCC reports

ñThereis growing interest in ñcircular

bioeconomyòconcepts applied to bio-based and

even a ñcircular carbon economyò,wherein

carbon captured via CCU or CDR is converted

into reusable materials, which is especially

relevant for the transitions of economies

dependent on fossil fuel revenue.ò

ñCarbon is a key building block in organic 

chemicals, fuels and materials and will remain 

important (high confidence).ò 
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A linear carbon economy assisted with carbon 
capture and storage ?
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Our vision: a circular carbon economy
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A circular carbon economy

involves:

ÅA collection of technologies able 

to convert CO2 and its

derivatives into useful products,

ÅUsing low-carbon energies (incl. 

renewables and nuclear),

ÅTo achieve carbon neutrality

with a positive environmental

and societal impact. 

Energy
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Ressources are key in the implementation of e -fuels

Needs to comply with the ReFuelEU legislation in France, in 2035 and 2050:
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Key challenges é

Å Accelerate the implementation of CCU products and in particular e-(bio)fuels by:

Å Lowering production costs

ÅMinimising losses in carbon and energy, and use biomass resources optimally

ÅMinimising the overall environmental impacts of SAF/SMF

beyond the sole criterion of CO2 emissions
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Our strategy : accelerate the emergence of
e-(bio) molecules through R&D
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innovative bricks, able to shorten value chains and maximize efficiencies
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2020 2030 2040 2050

2020 2030 2040 2050

2020 2030 2040 2050

Support our industrial 
partners with the 
development of optimized 
and integrated 
technological bricks.

Intensify academic 
research to propose 
disruptive processes 
capable of streamlining 
and shortening value 
chains.
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CO2 stability
Frontier molecular orbitals

C-O: 1.16 Å
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CO2 stability: kinetics and thermodynamics

Redox potentials
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Chemical transformation of CO 2

T w o e n e r g e t i c c h a l l e n g e s :  t h e r m o d y n a m i c a n d k i n e t i c
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I s  C O 2 a c t i v a t i o n  r e q u i r e d ?
27

Chemical transformation of CO 2
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CO2 Activation by transition metals

Aresta, 1975 Meyer, 2004

Bimetallic activation

Cutler, 1986
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CO2 Activation by transition metals

Reaction chemistry of metal complexes with CO2

Reduction and reductive coupling

Insertion into reactive M-L bonds

Cloke, 2009

Iwasawa, 2008
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CO2 Activation by organic compounds

Stephan, 2009

Activation by Frustrated Lewis Pairs (FLPs)

Activation by nitrogen bases

Ephritikhine, 2010

Stephan, 2010

Cantat, 2013

Active in the catalytic hydroboration of CO2
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Various opportunities to CO 2 recyclingé

Cantat et al., Angew. Chem. Int. Ed. 2012, 51, 187
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Available reductants for CO 2 conversion



Disposition : Titre seul

34

CO2 electroreduction

Review: Kubiak et al., Chem. Soc. Rev. 2009, 38, 89

Principle of CO2 electroreduction
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CO2 electroreduction to CO

Sauvage et al. JACS, 1986, 108, 7460

Voltammogram for the electroreduction of CO2 catalyzed by 

Ni(cyclam)2+

with CO2

without CO2

Overpotential:            ɖ= 0.55 V (V = -1.31 V)

TurnOver Frequency: TOF = 1250 s-1


