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International & French national REN contexts

International 3000 = Baseline including fleet renewal RED " : . - . - =
P — * 2030 : biofuels/ biogas contribution at least 3,5 % in 2030.
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the challenge of decarbonization

- Scenario: Low (4% SAF) to the 14% transport target but are not subject to an obligation.
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Note: 2050 levels are projections in the National Low-Carbon Strategy.
Source: RTE analysis based on Direction Générale de I'Energie et du Climat (2020) and PPE 2020.
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C2a Demonstrators in Europe
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A Carbon Circular Economy is based on:

a collection of technologies able to convert CO, 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.
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Electro-thermo-catalytic conversion to molecules of interests
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Assessment of different & complementary conversion chains
P2X, B2X & PB2X Assessment on methane (possible on other molecules)

€O +3H, = CHy + H,0 AH = -206,2 ki/mol

- ia CO:+4H, -cawzuo AH‘«&SSk}/rno[
o
The system Fumées, Air == 2 s
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Hydrogénanon —> CHs

CHa, H2, €O, CO2

Power-to-X

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

CHs, H2, €O, CO2

CO+3Hy— CHy+ H,0 AH =-206,2 klfmol
P COy+4H, —-CH‘+2H0 AH = —165 k] /mol
HypOtheseS Fumées, Air m Hydrogénamn o g — CHa

v' Electricity cost 55€/MWh,,,, carbon footprint at 52

kgcoz,/Mwhe €0y + Hy & CO+H,0 AH = kijmol CO+3Hy - CHy+H,0 8H =-20622 kifmol
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v/ Biomass (30% moisture content, residues & wastes) 20 oo

€/MWh,,,,, carbon footprint 7 kg,,./MWhe ; — . 1

v" Natural gas at 20€/MWh,,,,, carbon footprint 360 kg.q,./MWht. —
P 2 Syngas CH
v' Building & services 12% of installed materials, indirect costs = M0 =3 ""dmge"atm" =
14%. OPEX 5,5%, depreciation period 25 years, discount rate 8%, _ CHa, Hy, €0, €02
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Assessment of different & complementary conversion chains
Assessment on methane (possible on other molecules)
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E An example of PB2X conversion

METHYCENTRE demonstrator

CO, from methanisation (Biomass) -- -SIQ-R-E—Ng-Y-(iC-:EA)- ------------
* 250 kW electrolysis

* 22,5 Nm3/h de synthetic CH,

Biométhane
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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).

. . Electricity market
First tool to plan the operation of the demonstrator

according to predictive economic opportunities
(withdraw electricity, inject H, and syngas) up to 36 : 3. Sending planning of
hours before, with a time step of 30 minutes. electricity withdraw
Use of MILP (Mixed Integer Linear Programming) formalism :
efficient solvers that minimize an objective function under CNR

linear constraints
1. Datarecoveryon

] . . . equipment state Simulator
§econd 'tool. to trar'lslate the pIannl.ng in operating Calisto tool
instructions according to the effective state of the
equipment with a finer time step of 5 min. ] v.

Jupiter1000

Use of non linear models of the components for a fine

modeling 4. Translation in
operating instructions

5. Sending of

instructions



AH = AG + TAS ~ constant
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Hydrogen production with low C footprint:
interest of Solid Oxide Electrolysis (SOEL)

HIGH EFFICIENCY
TECHNOLOGY

®» 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

Direct consequence on efficiency:
* water electrolysis: 1, = 60-70%
* steam electrolysis:
Ny > 85% if steam not generated with electricity
( heat source ~150°C is sufficient )
* _Nota: If steam generated electrically n,,,, ~ 76% LHV

1400

*  Heating (W)

g 2400 ® H, production (I/h) 4
® 000 Stack temperature (°C)
§ -
> s 3
£ q ]
g oo / i
: e

400 - *
g & *+em
g 200 # "JO
g - - ®

-

4
2
8
:

6,00 7,00

Time (hours
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)

FLEXIBILITY OF USE : Same core technology for several applications

Feedstack for Hz prod elec pI'Od
industry, fuel H Fuel cell Stationnary
for mobility, 2 Module CHP
Module
energy (SOFC) Heat and
storage (SOEL) power
CORE
TECHNOLOGY
STACK St
=> E-fuel Co- Reversible orage
electrolysis Module
Co-electrolysis ~ Module (rsoC) SOEL/S-OFC 10
€0,/H,0 reversible



Catalytic fixed bed reactors for methane and e-fuels
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) Several candidate catalysts
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To be implemented in Vienna
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E The CCE Focus

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

4 Clusters :

e Solar Fuels

* New approaches for 3G Biofuels

* Electro and photo catalytic materials

 Thermo chemical conversions towards
fuels and chemicals (*)

Chemicals
$ —

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

Biomass
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Conclusions

CEA has launched a structuring « Carbon Circular Economy” program

l Photosynthese I
i ——
- ‘z Capture @

*  From fundamental research up to demonstrators (TRL 6~7) ? _\
Bromiasse Chimie

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

Carburants

v

* System scale:
various chemical pathways could be considered H,
technico-economical optimal operational management

Oxydation
combustian,
minéralisatian

* Component scale:
* Electrolysis
* Catalytic conversion
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