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International & French national REN contexts

Low Carbon Gas (200-300 TWh/y -Incl. H2) & Liquid Fuels (~100TWh/y) 
Carbon Resources (biomass / CSR / CO2 )

RE electricity
(58% final en cons)

Potential RE Gas

French Strategy

International RED II : 
• 2030 :  biofuels /  biogas contribution at least 3,5 % in 2030.
• Fuels used in the aviation and maritime sectors can opt in to contribute 

to the 14% transport target but are not subject to an obligation.

 Trend towards H2 & CCU for gas & fuel synthesis
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Demonstrators in Europe

 Trend is started

Norsk e-fuel , 
norway

CRI
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A Carbon Circular Economy is based on:
a collection of technologies able to convert CO2 and its
derivatives into useful products, from low-carbon
energies (incl. nuclear and renewables), to achieve
carbon neutrality with a positive environmental and
societal impact.

CCU: Carbon Capture & Utilization

CCU

Fuels
methane,
methanol,

hydrocarbons
Multicriterai Life 
Cycle Analyses

Impact analysis of soils
and climate

Cross-cutting challenges

Sustainability of 
resources

Energy

nuclear

A structuring program  Circular Carbon Economy Research Program 
Lead : Thibault Cantat



Low carbon
electricity

CO2
DAC, flue, biological CO2 

Syngaz production from
biomass and wastes

H.T. liquefaction
H.T. gazification
Pyrogazification

Solar fuels

(co-) 
electrolysers

PV
Eolien

Produits 
manufacturés

CO2

Power-to-X (P2X)
Biomass-To-X (B2X)
Power & Biomass-To-X (PB2X)

water

CH4

MeOH

Syncrude

(E-fuels)

purification

RWGS ?  

WGS ?  

purification

reactor

H2, CO

Syngas
(CO, H2, CO2, CH4...)

CO2

Electro-thermo-catalytic conversion to molecules of interests

(i) chemical pathways  energy, C budgets, related costs
(ii) technico-economical optimal operations
(iii) critical components
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Assessment of different & complementary conversion chains
P2X, B2X & PB2X Assessment on methane (possible on other molecules)

 Electricity cost 55€/MWhLHV, carbon footprint at 52
kgCO2é/Mwhe

 Biomass (30% moisture content, residues & wastes) 20
€/MWhLHV, carbon footprint 7 kgCO2é/MWhe ;

 Natural gas at 20€/MWhLHV, carbon footprint 360 kgCO2é/MWht.
 Building & services 12% of installed materials, indirect costs

14%. OPEX 5,5%, depreciation period 25 years, discount rate 8%,

System size (25 MW LHV CH4) : 2500 Nm3/h x 8 000 h/y

The system

Hypotheses

Power-to-X 

Biomass-To-X

Power & Biomass-To-X

Work and results from E.  Le Goff and G. Boissonnet
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Assessment of different & complementary conversion chains
Assessment on methane (possible on other molecules)

Biomass and CO2 2 carbon resources 
Complementary conversion chains (P2X, B2X & PB2X systems)
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B2X             PB2X                 P2X-Alc           P2X              P2X-DAC
CO/CO2                             F-Co-elec HT 

B2X             PB2X                 P2X-Alc           P2X              P2X-DAC
CO/CO2                             F-Co-elec HT 

B2X             PB2X                 P2X-Alc           P2X              P2X-DAC
CO/CO2                             F-Co-elec HT 

Work and results from E.  Le Goff and G. Boissonnet
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An example of PB2X conversion

Prodeval

KHIMOD + CEA

Engie

AREVA H2GEN

STORENGY (+ CEA)

Issues
• Inlet composition at reactor inlet (real gas effect)
• Coupling reactor/separation/recycling
• Process Optimisation

METHYCENTRE demonstrator

CO2 from methanisation (Biomass)

• 250 kW electrolysis

• 22,5 Nm3/h de synthetic CH4

• Distribution network injection
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Numerical tools to optimize the system operation with anticipation capability 

Objective: developing a smart energy management system in order to optimize the operation of the Power-to-Gas 
demonstrator Jupiter 1000 according to economical criteria (price of electricity and gas).

 First tool to plan the operation of the demonstrator 
according to predictive economic opportunities 
(withdraw electricity, inject H2 and syngas) up to 36 
hours before, with a time step of 30 minutes.

► Use of MILP (Mixed Integer Linear Programming) formalism : 
efficient solvers that minimize an objective function under 
linear constraints 

 Second tool: to translate the planning in operating 
instructions according to the effective state of the 
equipment with a finer time step of 5 min.

► Use of non linear models of the components for a fine 
modeling

Jupiter1000

Planning- predictive control 
Pommier Vx tool

CNR

Simulator
Calisto tool

Electricity market 

3. Sending planning of
electricity withdraw 

4. Translation in 
operating instructions 

1’. 

1. Data recovery on 
equipment state 

5. Sending of 
instructions 

6. Execution
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Hydrogen production with low C footprint: 
interest of Solid Oxide Electrolysis (SOEL)

HIGH EFFICIENCY 
TECHNOLOGY 

ΔH = ΔG + TΔS ~ constant  The hotter the electrolysis operation, the lower the electricity demand:
 High T: energy = 70% electricity, 30% heat
 Low T: energy = 85% electricity / 15% heat

 Main advantage of SOEL with T range = 700-850°C

… at the SOEL system scale
Heating (W)
H2 production (l/h)
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Direct consequence on efficiency:
• water electrolysis: LHV = 60-70%
• steam electrolysis: 

• LHV > 85% if steam not generated with electricity
( heat source ~150°C is sufficient )

• Nota: If steam generated electrically LHV ~  76% LHV

Source: A. Chatroux, et al., ECS Transactions, 68 (1) (2015) 3519-3526
J. Mougin, 12th European SOFC&SOE Forum 5-8 July 2016, Luzern, A0605 (2016)

H2Og
→

H2g + ½ O2g 

FLEXIBILITY OF USE : Same core technology for several applications

H2 prod elec prod

Storage E-fuel
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Catalytic fixed bed reactors for methane and e-fuels

Reactor shut-down : 280-260°C, VVH 15600 h-1, 
H2/CO2 ratio 4, P = 2.5 bar [25]

Rasmey Try, PhD Thesis, Université de Lyon, 2015

Catalyst
Selection

Model and experimetal
counterpart for catalysts ageing

Design tools and detailed analysis

Highly
instrumented

HX reactor

Reactor definition-
demonstrators/ upscaling

Internal pore

Gas film

Gas phase

Catalyst particleCooled wall

Fixed-bed

Wall

I Champon, PhD Thesis, 
Lyon Univ, 2019

Research

R&D and 
technolog
ical
survey

Technology
selection

Proof of Concept 
Labscale

Demonstratio
n (with
partner)

Industrializati
on (partner)

Indus

Prototype 
Small scale reactor

(0,1 Nm3/h)
Several candidate catalysts

Demo scale reactor
(1,5 Nm3/h)

To be implemented in Vienna

Test & modeling

P-t-L
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The CCE Focus

CEA has hired (2020) about 20 PhD/Postdoc researchers in the field of CCE 

Chemicals

H2

CO2

Biomass

fuels

CO24 Clusters : 
• Solar Fuels
• New approaches for 3G Biofuels
• Electro and photo catalytic materials
• Thermo chemical conversions towards 

fuels and chemicals (*)

(*) : a dedicated PhD towards “climate impact of 
technological developments for carbon neutrality”

PV, wind

nuclear
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Conclusions

CEA has launched a structuring « Carbon Circular Economy” program

• From fundamental research up to demonstrators (TRL 6~7)

• Electro-thermo-catalytic conversion of basic resources (CO2
carbon loaded wastes, water, power) to molecules of interests

• System scale :
various chemical pathways could be considered 
technico-economical optimal operational management

• Component scale :
• Electrolysis
• Catalytic conversion
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