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Production, storage and conversion of hydrogen into electricity:
technological achievements and remaining challenges

Annie LE GAL LA SALLE, Clément NICOLLET, Eric QUAREZ, Olivier JOUBERT
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What is a fuel cell? An electrolyser?

Fuel cell C
H, + 1/20, > H,0

rrvrr 8

Electrolyser
H,O 2> H, + 1/20

Hydrogen
Electricity, H,O production
(and heat)

roduction




What is a fuel cell? An electrolyser?

Fuel cell C

Electricity, H,O
(and heat)
roduction

Hydrogen
storage
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What about the cell?

FC: Electricity, H,0O
and heat production

O,+4e-—> 20%

Air electrode

Electrolyte

Fuel electrode

2H, +20% - 2H,0 +4 e-

Materials requirements:
- porous, ionic and electronic conducting electrodes
- ionic conducting (gas tight) electrolyte

J
e > Gas management, : IMN .

3
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Different types...

... depending on electrolyte:
- lon transported...
- Temperature allowing conductivity...

Ay e S IMN .
‘ INSTITUT DES MATERIAUX
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Hydrogen... associated to renewable energies

Applications
In « heavy »
mobility:
ships, trains,

trucks...

Stationary

I\ Nantes applications

W/ Université 8




Heavy mobility...
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Reaching carbon-free autonomy of isolated territories

Pass « Le Palet » : Refuge powered by solar
electricity...
- wasted during a part of the year
| for lack of means to store it
delavanciee - completed by a diesel or

gasoline generator during other
parts of the year (numerous

visitors) /

In 2015, electrolysers,
H, storage, FCsS (+ batteries)

Total autonomy of the building,
with better comfort for visitors

(charge of electronic devices!)
(1-30 MWhly, -30>30°C)
NI Nantes

§
W Université ) IMN 10

- Financial support from FEDER,
- 5 companies: Gest'Hydrogene, Gest’Perfomance,
MaHyTec, Powidian, WaechterEnergies.




La Nouvelle at La Réunion:
(excluded from the electrical grid and
the road network: foot path or

helicopter!)

electrolysers, H, storage, FCs

- Total autonomy of some buildings
(school, health center, ONF, ...)

*European Regional Development Fund (ERDF) i
... EDF and SIDELEC for local distribution







Coupling with wind farms...

Mainz Energie Park (Germany)
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Forschung

Wasserstoffgewinnung
durch Elektrolyse und anschlieBende Spelcherung
Wasserstoff Wasserstaff o
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To develop hydrogen uses... simultaneously...

Hydrogen Hydrogen Hydrogen
production storage conversion
\ (électrolyzers) (FO) }

I\ Nantes <SpeleIC ISSUGS>
W Université IMN 14




Hydrogen issues adressed all around the world...

- In France, one program:

FRANCE

Q))”{/

EX
REPUBLIQUE
FRANCAISE anr agence nationale

Liberté de la recherche
Egalité
Fraternité

The French Research
network on Hydrogen ener
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Organization: 30 laboratories, 300 permanent = eSSy
CNRS researchers and lecturers (70%), 4000
publications (2014-2019) 4 start-ups from CNRS

Aim: sinergy between complementary skills:
NI Nantes :
W Université Materials, Processes, Components, Systems...

100 km
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1. Hydrogen production...

Production cost of hydrogen == Average location e= e= Optimal location
USD/K
Today, 95% of hydrogen ,, °
iS iSSUEd from fOSSiI Breakeven between gray and renewable requires ...

2019 average
50 EN location

~05GW of electrolyzer capacity

sources (grey H.,)...
... and green H, expensive 4o

20
Renewable
Low-carbon
Gra
Need for cl “F 3,
production of (green) H, ' ' '
2020 2030 2040 2050
at I OW COSt Renewable hydrogen Low-carbon hydrogen
* Dedicated renewable/electrolyzer system * Development of CO, pipelines and at-scale sites
* Fully flexible production = Scale-up of low-carbon hydrogen production
+ Scale up of renewable hydrogen production = Scale-up of CCS outside of hydrogen production
+ Additional costs to reach end supply price
I“ NanteS Key assumptions ) o _
. LCOE: levelized cost of electricity Hydrogen Insights Report 2021

. oy 7 Gas price 2.8-6.8 USD/Mmbiu
W Université + LCOE USDUMWh 25-73 {2020), 13-37 (2020) and 7-25 (2050)  1m3 GNV =0,0353 Mmbtu Hydrogen Coundil, McKinsey & Gompary




1. Green hydrogen production (electrolysis)

Currently:
- low temperature technologies are mature
... but costly calalysts (platinum ou PGM)
- Technologies without PGM, but low yields
- High Temperature Electrolysis™ :
- higher yields... without PGM

Technological
- —r——
Improvements i — |
at the cell scale
CELL STACK MODULUS SYSTEM

I\ Nantes *L. Ye et al., High-temperature electrocatalysis and key Q IMN
W Université materials in solid oxide electrolysis cells, J. Energy Chem., 2021 ‘..DNESmEzeiEmmﬁ 18




1. HTE cells Ageing of the cell: A ipeio A S e A
redox reactions " -

Current - segregation (porosity), —SEESSIISE A 30 Fm

diffusion, delamina‘rion,... g/ s N R g

Cell {

H,O

O,

—
H, + H,O

Interconnect

Today, electrode-supported cells

« High performance > 1A/cm? a 1,3V

 Weak durability: loss of 2 to 5%/1000h
at 1.3V and 0.5 a 0,6 A/cm?2

I\l Nantes
W Université




1. In order to increase the durability of the HTE cells...

FRANCE

[ ) PC CELCER-HT, F. Lefebvre-Joud et coll. [ 7
d

Lﬁ_fh

Llu

x]

1. Improvement of current materials
= 30 pi‘l‘l Morphology (nanomaterials), barrier layers, shaping...

2024 :

Cells degradation rate :
» 19%/1000h at 1.3V and 0.85 A/lcm?
 on cells of 200 cm?

Cells robustness :
» Low temperature starting time = 8h
» High temperature starting time = 300s

2 2. New materials
{._ Composition (modelling, calculations...)...

2026-2027 :
Cells degradation rate : N
2
0,7%/1000h at 1,3V and 1 A/cm ‘.IMN i



1. IMN’s involvment in CELCER project ...

New materials for H, electrode: 1. New Ce & Ni-based materials: Ni exsolution
(homogeneous distribution)

- Previous studies: Ni-introduction limited to 15%: Ceg gsNij 150, 5™

=2 Ceq gsNig 050,55 prepared at IMN**:

3500

3000 - A 1000 i
_ ~ eoo A Ce, NiO, - No crystallized secondary phase
’§ 2500 7 AC @ Nio
S 2000 - - Ni exsolution
E 1500 - A
c A
E 1000 - A

500 - A A

A Az
O 1 1 1 _‘q
20 30 40 50 60 70
26 (°)

* S. Mahammadunnisa et al., Catalysis Science and Technology, 2013.
I\ Nantes y 9y ‘.IMN 21

W Université ** Post-Doc V. Zapata-Ramirez

@
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1. IMN’s involvment in CELCER project =75

New materials for H, electrode: 2. Use of Metal—organic frameworks (MOFs):

Porous Zirconium Terephthalate UiO-66

MOFs : porous and tunable materials composed by organic structures and inorganic
nodes!?.

High porosity after burning the organics 2.

Easy synthesis of Zr-based MOFs 3.

Possible doping of Zr-based MOF with Yttrium 4.
Possible infiltration (due to their high porosity) >. \

.l'

.l' .I' .I'

.l'

Next step: Addition of NiO?

1. F. Ragon et al. Inorg. Chem. 53 (2014), 2491 — 2500.
2. R. Quin et al. Adv. Funct. Mater. 29 (2019), 1903264.
3. M.J. Katz et al. Chem Commun., 49 (2013), 9449.
4. Z. Yue et al. RSC Adv. 5 (2015), 10619.
IV Nantes ue (2015) YA IMN
W/ Université 5. R. Lippi et al. J. Mater. Chem. A 5 (2017), 12990. .SS 11N 22




1. Versatile High temperature electrolysers: fuel electrode

Adaptation of classical fuel electrode material for CO,/H,0 electrolysis:

20

- —  |b)EIS (NirvSZ)
_ a)l-v < )ES (i
B NivsZ 5 —— 15V
18 & NiCeD @NiYSZ g y
i~
o)
= E
E,, 1,6 1 r_\lj
> D:
= 3
3_2 14 Zre (Ohms*cm®)
% | D'E . .
O A C)NiCeD @NIYSZ
5 ——12V
1.2 i —— 14V
E
i
o)
700 °C, 3%C02/3%H2/94% N2 E 1.0 krir rmmumm
1.0 (310 mL/min), synthetic air | N am
(100 mL/min) 00
T T T T T . T
0 100 200 200 1,5 20 2 25
Current density (mA*cm™) Zre (Qhms*tm”)
D. Chen et al, Nano Energy 2022, 101, 107564-79

... and also seawater electrolysis... \
I\ Nantes -
W Université T




1. Another route to improve HTE...

@nductor b@ Protonic conductor based cells

20> 0, +4e- /‘ 4H* + 4 e- - 2H,

Al @ +4><202_+4H2 2H,0 - 4H*+ 0O, + 4 e-

- Production of non diluted hydrogen
- Protonic conduction efficient at lower temperature (lifetime)

I\l Nantes : - .
WV Université H. Iwahara et al., Solid State lonics, 2004 - IMN o4

INSTITUT DES MATERIAUX

S. Gunduz et al., Advances in catalysis, 2018 | ERETR



1. Versatility of the PC-HTE

@ 600°C
e
e \E E'gl"' ‘\E
0 - , H0
H H*
H, « » 0, co, I:Hf - 0,
H,0 Electrolysis CO; Electrolysis

I\l Nantes ; IMN 25
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1. How to improve PC-HTE

Electro-catalytic activity,
chemical stability,

Chemical stability, cptimized conductivity
architecture optimisationj r

)
% Fi S Materials, architectures and
S S © Interfaces optimisation
Q o ©
) o
= w g
I T
<P Mechanical compatibility
Cr diffusion el T

FRANCE

‘% MIMN .

Delamination

I\l Nantes _ ]
W/ Université :> PC PROTEC, G. Taillades et coll.




1. How to improve CP-HTE: electrolyte synthesis at IMN

=

Electrolyte

Air electrode
Fuel electrode

]

Electro-catalytic activity,,

Log o (s.cm™)

'
N

'
w
1

700 600 500 400 300 200
T T T

Chemical stability, optimized conductivity

1. BaCejy gZry 1Yo 10455 by Cold Sintering™

*Z. Zhao , J. Gao, Y. Meng, K. Brinkman, J. Tong, Ceramics Int. 2021

Ceramic powder
‘ water I ‘ I ﬂ

T: 120-180°C

=200
220V WLWAIEN b, 195.500 MPa

& 1200°C

$ o
) -
%Cm

Post heat-treatment

Temperature (°C)
100 J

o
1 ®ge.. 1200°C

o C(')Idsintering
O Conventional Sintering

(o) o
o
o
el

. ool hil “1 1400°C “ .
chemical stapilit 5 50 M "\ ALY o R
: PHILY, BaCey 5Zr,,,Yy, 1O3 5 —_— \ , 939456 | N
architecture optlmlsatlon oo - - - - — L% : IO
| 0o | Cold sintering C‘nventional smterlng
(A Na_ntes . K. Thabet, A. Le Gal la Salle, E. Quarez, O. Joubert, ECS Trans. 91(1) 983-996, 2019 L IMN 57
U Unlver8|te K. Thabet, E. Quarez, O. Joubert, A. Le Gal la Salle, J; Eur. Ceram. Soc. 2020 .';ESTN'LUT il




1. How to improve CP-HTE: electrolyte synthesis at IMN*

2. Another compound: BaCej ,Zr5-Y,,05 5 (CO,/H,0 electrolysis)

.« Copyefitionalsintring .. " "% . (1 stability, |sinterability)

= (1B B600°GRR T 1\ W ZnO-Li 1wt% -

fl ; “} D .-w ' - ‘: >3 : f Sintering aid 1| = Conventional a
: DL e 2Cee | ‘ 90 ZnO-Li

— 5P
7 =———CSP + Zn0O-Li

80

70 S

50
_b_ /

p=c=: —_
40

Relative density (%)
Mass (%)

30 T | T T : T T |
0 400 800 1200 1600
T(°C)

Grain density values calculated by Imagel from SEM images cross section:

e B 3. B
Cold-sintering process at  CSP with the addition of

180°C before sintering sintering aid
) ) Sintering protocol Conventional CSp ZnO-Li CSP + ZnO-Li
* P, Castellani thesis Grain count (grain) 50 86 6 74
I\l Nantes ** S M. Babiniec et al. , Int. J. Count Area (jm?) 45 26.1 267 265

U Univel‘Sité Hydrogen Energy 2015 Grain Density (grain.pm=2) 11 33 0.2 2.8



1. How to improve CP-HTE: synthesis of air electrode

Air electrode suited to electrolyte

Preparation of two Inks for screen printing:
(powder + 95 wt% alpha terpineol (solvent) + 5 wt% ethyl-

cellulose (binder)

Single phase ink synthesis: Ba, ;Sr,;Co,gFe;,03 5
Composite ink synthesis : Ba, ;Sr,;Co,gFe;,05 5+
BaZr,,Ce;,Y0105.5

.

Ba, 5SrysC0ggF€,03 5

Commercial powder (Mariontech)

] BaZr,,Cey,Y0103 5

Screen printing on a BaZr,,Ce,,Y ;03 5 dense electrolyte
4 layers (3 Composite + BSCF) + drying at 120°C+ treatment of the cell at 750°C for 6h

SEM images of the cathode

I\l Nantes
W Université

Q

a) Porous structure of the air electrode
b) Homogeneous morphology of the
electrode layer

Complete cells...

, “IMN

NSTITUT DES MATERIAUX
DE NANTES JEAN ROUXEL




1. How to improve CP-HTE: new designs

Chemical stability, optimized conductivity

mMS

: - Steel substrate
3. New cells deS|g ns. bac:k surface ;af'ter AFL cnatmg

metal supported cells:

+

Alr electrode
Electrolyte
Fuel electrode

French-German ANR project "ARCADE" (2020-2023)
1 PhD (2020-23) — P. Castellani
t Metal-supported SOEC cell based on BaCe,Zr,;_ ,,Y,O5; (BCZY)

I ili assumed by the metallic active materials

chemical stability, .
. . . interconnect
architecture optimisation

N Naptes ité David Udomsilp et al., Metal-Supported Solid Oxide Fuel Cells with Exceptionally High A IMN 30
W7 Universite Power Density for Range Extender Systems, Cell reports Physical Science, 2020 .'D”Esﬂlﬂeflﬁfﬁfgﬁf
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2. Another challenge: H, storage!

Light... BUT

q?
N,

0.09 kg/m?
VVoluminous!

I\l Nantes
W Université

( THAT
FUELCELL
DOESN'T REALLY
SoLVE THE
PARKING —




2. H, storage: existing solutions ...

] LH2 - Tank System b veaial
S 0 I I d I - super-insulation outer vessel
Tﬂ' T crrr I level probe
=es g o | filling line G suspension
- TAY | |Llh'Imme s extraction / -
-+ 7 - ; J quuidez‘:::tm ' liquid Hydrogen
) 1 r | - o gl {-253%C)
— 60 + | |Revised Sy pse
= { safety valve
= I DDE JaSe0Uus ogen
E | 5}"5'."5'“1 \ ?*10“(0::‘:)’1-89;{)
=30 + | . "
- argets
o T 2015
= I shut-off vahe
40 - | — o = — — s _ |
] - liquid hydrogen """l e L cootng water
E 3p - chemical hydride I-* [ o
ﬂ e
E 4 cryocompressed Compressed
e =k [ Foam Domes
:E 2“ Nw:::sw ( Safety Feature) ln;::k Requlator
. FO00 Dar
C-sorbent ® .
10 4 320 bar compressed hydrogen
i “"Learning Demos”
0 : ; i i : ; i i : i i i i ; 1
0 1 2 3 4 ) 6 T
Vent Line
= 5 s Ports
Gravimetric Capacity (wt%)
Vehicle Electrical Thermally
i Interface CONNECLON | 4 v ntad
I\ Nantes | o Check Valve
W/ Université Pt Retueg P — 33
( ) Pressure

Vehicle Interface Bracket



2. Solid storage:

» compact, energy-efficient
» contributes to hydrogen social acceptability: safe, without pressure

34

TTTTTTTT 'S MATERIAUX
DE NANTES JEAN ROUXEL

(A Na_n‘tes . A. Salehabadi et al., Progress on nano-scaled alloys and mixed metal oxides in ; IMN
W/ Universite solid-state hydrogen storage; an overview, Journal Energy Storage, 2023 §:




2. Solid storage: current research ...

:> PC SOLHYD, F. Cuevas et coll. ' I!

Metal hydrides
(Mg,FeH4,150 kg H,/m3)

Slow desorption

- Improvement

of regeneration
processes

I\l Nantes
W Université

Materials

Regenerable hydrides
intermetallic: ABg (LaNis...), AB,
(ZrV,), A,B (Mg,Ni)...

Development of
new compositions,
new materials

...highly efficient...

Complex Hydrides ab_| adsorption
materials (LiBH, (18%), but
200000 atm!)

...costly, energy
consuming...

Improvement of synthesis
and regeneration
processes



2. Hyperbaric storage : remaining challenges

v Increasing its level of safety and confidence - Dbetter societal acceptability
v" Reducing the carbon footprint of tanks (with life cycle analysis)

Zhenzhou Wang et al., Int. J. Hydrogen Energy, 2020 .
I\l Nantes Xiulei Wang et al., Int. J. Hydrogen Energy, 2022 =y IMN
W Université A. Laureys et al., J. Natural Gas Science and Engineering, 2023 . S




2. Hyperbaric storage : remaining challenges

P 4

:> PC HYPERSTOCK, D. Chapelle et coll. E 4

|._4?i.

— |
— |
-l £\

FRANCE

HYYRPEHSHEIEE

\] Security,
MAIN STUDIES: 2 Trust,
- embrittlement of the different materials Acceptability

(metallic and non-metallic) with H,,

__—"]-_responses to mechanical stresses

[~ carbon footprint

I\l Nantes :
W Université
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3. Low temperature fuel cells: remaining objectives

1.System:
2. Decrease of the Y
temperature (H,0)
amount of catalyst ,
) _ management
(nanomaterials) Micro-porous 2
3
I
N | N
id- ~N NN
e
e —— &
e e T i e ol e Micro-porous

A. Parekh., Recent developments of proton

3. New materials, to increase exchange membranes for PEMFC: A review,

activity, Stabi“ty, robustness L I Frontiersin Energy Research, 2022
: “p * H. Su et al., A review of low temperature proton exchange membrane fuel cell
(|mpur|t|es, StOp and start, ) degradation caused by repeated freezing start, Int. J. Hydrogen Energy,
2022

. * (> 25000h) P.H. Affonso Nobregaet al., A review of physics-based low-temperature proton-
3 Baﬂ es " N ? exchange membrane fuel cell models for system-level water and thermal
niversite management studies, J. Power Sources, 2023




3. Low temperature fuel cells: remaining objectives

1.System:
2. Decrease of the temperature (H,O)
amount of catalyst : ' management
Micro-porous

wrl

e
wrl o]~

[
v Yl
Membrane L ;
3 ¢ AN
w4
!
5 n ~AN
by —
3
A
— &
o= e 1%pm oG ERfmdbaliee A e ]
2TH — WD =14.2mmM £y pame = Cr2g-4.37 100 C M ICro- po rous

- For heavy mobility...
... cheap FC operating at 95°C,
high J...

3. New materials, to increase
activity, stability, robustness |

(impurities, stop and start,...) * @
* (> 25000h) \ N

PEMFC95, M. Chatenet et coll., DURASYS-PAC, N. Yousfi Steiner et coll.




3. High temperature fuel cells

With these devices,

- High yields without costly catalysts

- Possible to use other fuels, such as
various gaseous or liquid mixtures

issued from biomass...
(# LTFC)

Electricity
(and heat)
production

Biogas, Syngas, "\ - S@me materials as HTE, but:

Biomass...

Wet, marine air...

PC FLEXISOC, A. Le Gal La Salle et coll.

> Increase their robustness towards
pollutants present in different fuels

INSTITUT DES MATERIAUX
DE NANTES JEAN ROUXEL




3. High temperature fuel cells

With these devices,
- High yields without costly catalysts
- Possible to use other fuels, such as
various gaseous or liquid mixtures
issued from biomass...
(# LTFC)

Electricity
(and heat)
production

... Same materials as HTE, but:

> Increase their robustness towards
pollutants present in different fuels

Biogas, Syngas,
Biomass...

To further increase their versatility:
» Use wet, marine, polluted air

> D T
ecrease i.lMN 4




3. Versatile high temperature fuel cells

Development of
convenient
materials

PC FLEXISOC, A. Le Gal La Salle et coll.

FLEXISOC

Precise objectives on fuel side:

v’ Carbon formation < 0,5 Mg, ;,one 8car - Nt @ 600°C
v"H,S tolerance between 3 and 5 ppm

I\ Nantes 3 IMN
: . ‘. 43

INSTITUT DES MATERIAUX

DE NANTES JEAN ROUXEL

W Universite




3. Versatile high temperature fuel cells

After:
Development of
convenient _
i Materials and Tests and
materials _ N
cells shaping: optimisation,
modélisations
v Power density (without reforming)
of 1 W/cm? at 600°C
Precise objectives on fuel side: PC FLEXISOC, A. Le Gal La Salle et coll.

FRANCE

o

v Carbon formation < 0,5 Mg, ... 8...+ h™*a 600°C
v H,S tolerance between 3 and 5 ppm

4

ELEXISOC

I\l Nantes 3 IMN
‘. , 44

INSTITUT DES MATERIAUX

DE NANTES JEAN ROUXEL

W Université




3. Versatile high temperature fuel cells

Materials and Te_stg ar_1d
cells shaping: optimisation,

modélisations

Development of

convenient
materials In situ exsolution of Ni particles from Pr, Ba, ;sMn; 47:Ni; 5,505
1.6 — - -
VTR LETTET [ Pewn
—fit
L 12] R R B B
§ R,
-C-:- 0.8
E 200 Hz
E
' 0.4 Hz 20 Hz i
Precise objectives for fuel electrodes: L :
0.0 ———t ——
. 1 k-1 o 00 04 08 12 16 20
v Carbon formation < 0,5 Mg, . .ne Bear - Nt a 600°C Re (Z) 12 cm?
M. Bahout et al. J. Mater. Chem. A,2020, 8, 3590-7

v'H,S tolerance between 3 and 5 ppm
v Power density (without reforming) of 1 W/cm?2 at 600°C

I\l Nantes ; IMN 45

W/ Université = et




3. Versatile high temperature fuel cells

Materials and

Dévelopment of .
cells shaping:

Tests and
optimisation,

convenient modélisations
materials S— —
144 AR 2.0+ B:600°C-08V
A: 600°C - OCV
12 ]
o 104 . 1.5+
5 5] § — s L
c C 1.0-
~ B & e
0 * -R’ ] i i - RS
& 4le O SN : ¢ & 0.5 t_nss e __:nxs
24 ’ . 1e ISR :..",_.
_ ) _ _ o " ;55
Precise objectives for fuel side electrodes : U ateem H,S / ppm
2
. 1 k-1 o (Wet 40%0 H, - 60%06 N,)
v Carbon formation< 0,5 Mg, .,one 8ear - 1 600°C 2 2
F. Ricoul et al. J. Solid St. Electrohem. 2018, 22, 2789-800

v'H,S tolerance between 3 and 5 ppm
v’ Power density (without reforming) of 1 W/cm? at 600°C

I\l Nantes
W Université

UT DES MATERIAUX
DE NANTES JEAN ROUXEL

%IMN

46




3. Versatile high temperature fuel cells

Dévelopment of

convenient
materials Materials and Te_st_s ar)d
cells shaping: optimisation,
modélisations
Precise objectives on the fuel side _ But also on the air side-

v Carbon formation< 0,5 Mg, .,,ne 8ear - ™1 a 600°C

v H,S tolerance between 3 and 5 ppm

v Power density (without reforming) of 1 W/cm? at
600°C

AV Na_ntes. 4 ; IMN 47
W/ Universite PC FLEXISOC, A. Le Gal La Salle et coll. Qo

Increase of tolerance towards
air impurities (NO,)
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Recycling... Why?

*

| Interconnect
Ai m . FEEEEEEEEE ‘a u‘/ :’.ﬂ/-“..i ‘a ----------------- -
. o Anode A
Recycling and re- - Electrolyte
use of oxides Cathode
entering the ;. (...
composition of P et
commercial cells T S
Air flow

Interconnect
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*K. Al-Khori et al., Energies, 2021, doi: 10.3390/en14154668.
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Interest: 1MW electrolysis*:

La,Sr,,Co0,




PhD, 80IPRIME CNRS program : 1stroute

Mechanical scratching
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electrolyte
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PhD, 80IPRIME CNRS program

- 2Nd route

Broken cells???
-> Grinding of the entire cell

4 ) 1.YSZ
(N'O LSC\ Ni2+, La3*, |/ La3*, Sr*and A 3 LSC
aln d’ VS7 Sr2*, Co3* Co3* solution '
St — andHNYCS)Z in Ni2* Lad*,
_ J \ 3__J \Sr#rand Co™ 2. Ni-DMG
yd HNO: solution N precipitation
C c\ind
HNO3 fy / )izl_ﬁ
Dimethylglyoxime
More complex route BWe) Re \ DMG NiCl, —| 2. NiO
-~ One additional step O/W C‘//,,
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European project NOUVEAU (2022-2025)

NOVEL ELECTRODE COATINGS AND INTERCONNECT FOR SUSTAINABLE
AND REUSABLE SOLID OXIDE ELECTROLYSIS CELLS

EU Grants: Application form (HE RIA/IA): V1.2 — 25.05.2021

L Composition
Interconnect Cr l, < Coating method

Integration ‘
/ % Recovery and re-use
- " Less or no interlayer
h Composition
/ [ Anode REE l, (La-free) Coating method
Up-scaling of coating
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European project NOUVEAU (2022-2025)

Ca,(Fe,C0),04,5 (CFCO)
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+
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European project NOUVEAU (2022-2025)
/ NiO, , GDC and \

CFCO powder
l Acid leaching
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e —
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Conclusion

Hydrogen sector to be developed (with other storage technologies) in order to limit
CO, emissions and global warming

- Technical limitations to overcome for fuel cells/electrolysers :
7 Durability : Targets: 40 000 h to 60 000h (stationary, HT systems)
5 000h (transport)
+ robustness (temperature, ...)

7 Versatility : Increase tolerance to pollutants to use industrial H, or coming from
biomass

N Costs : use of rare and expensive materials (Pt)

- Technical limitations for the whole sector (FC/Electrolysers/Storage)
N Environmental impact of the synthesis and use, Life Cycle AnaIyS|s
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W Université R DS arémaL

EEEEEEEEEEEEEEEEEE




To conclude... evolution of our research topics...

New materials: CEEl SIElpIe e Diagnosis by EIS: Application to materials
electrolyte, electrodes and/or optimized and complete cells
Synthesis = Recycling methods P

Enlarging cell operating conditions, other fuels,
and other conditions of electrolysis
(seawater electrolysis, marine atmosphere,...)

... hon-toxic and cheap

reagents, and involving less
energy consuming reactions

..recyclable cells

.. Recyclable
materials

I\l Nantes : IMN
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Outlooks

Besides technical objectives:

- Enlarge H, infrastructures deployment @On pO“@

- Create and harmonize hydrogen regulations between countries

Production cost of hydrogen -
USD/kg
[
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And finally...

A lot of technical exciting challenges
But none technical solution will prevent our earth to be limited...

We need a real
energy saving policy
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