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4 years collaboration project: 01-01-2008 to 31-12-2011

Total budget: 4’535 k€
Total funding: 2’900 k€

Participant Country Type
CEA France R&D
Risoe DTU | Denmark University
Eifer Germany R&D
ECN Holland R&D
IC England University
TOFC Denmark Industry/SME
Helion France Industry/SME
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A European dimension with
a good balance between academics,
R&D centres and industries

FCH JU Review Day, Brussels, 2011 November the 227



RelHy Goal & Targets

Aims at reaching a satisfactory compromise between performance and durability

High cell performances at 800° C:
-1 Acm=2or 37 mgH,/cm?/h, <1.5V
(with water conversion >60% )

Degradation rate N ~1% per 1000 h
at SRU level

Optimised materials and designs
integrated at laboratory scale in a
25-cell electrolyser stack prototype

at the stack level, with cost effective materials.

—Integration of
optimised materials and
innovative design in a
reliable and efficient
+ laboratory electrolyser

prototype

RelHy
25-cell stack
prototype,

operated at
800°C

- Design innovations
Thermo mechanics, Tightness,

to be operated few 1000 h SRUs || -~ Wator e e
"4
2 7
. Good cells Cells | -~ > Materials optimisation
« No compromise / 7 Durable electrodes/electrolyte, Sealing,

Material compatibility and stability,

in stacks nor SRUs ”
i Cost effective materials and processes

between durability
and efficiency
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RelHy Goal & Targets

Aims at reaching a satisfactory compromise between performance and durability
at the stack level, with cost effective materials.

L MO
=®» Optimisation of state of the art SOFC
components for SOE operation (cells,
interconnect + coating and seals)
=®» Assessment of improved components in W12
single cell tests and in ex-situ experiments
M18

®» Assessment of best ones in SRU and in

Short stack operation and by modelling Selection of most promising

materials (© M24) Mm24
=» Selection for integration in a 25-cell

e|ectro|yser stack prototype to be Selection of materials for the N30
operated few 1000 h 25-cell prototype (© M30)
: . M36
Assessment of materials and design for 25
cell stack prototype (© M42) o
' +0y Kick off of the 25-cell stack prototype operation (© M45)
&h&_j:yi M48
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RelHy Approach
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TOPSOE FUEL CELL
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Imperial College
London

RelHy
Innovative

Laboratory
Modelllng and SImulatlon > Electrolyser

“, Prototype

— Competitiveness assessment
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RelHy Technical Accomplishment

ccessful material improvem

Cells: target=-1.0 Acm2at 1,5V at 800 ° C with a steam utilisation > 60%; degradation rates ~ 1%
per 1000 h at the cell level

Cathode supported cells: LSM-YSZ O, electrode replaced by LSCF/CGO
© High performances of improved Ni-YSZ /YSZ / CGO / LSCF/CGO

© Degradation always pronounced, but stabilisation plateau (around 1% per 1000h)
obtained after few 100 hours at intermediate current densities;

Electrolyte supported cells: 3YSZ electrolyte replaced by 10Sc1CeSZ
© Good performances of cells with 215um thick 10Sc1CeSZ electrolyte
© Good durability of reference cells 90um thick 3YSZ electrolyte

Coati NQg:. ASR<0,05 Qcm? after 1000hrs ageing in ex situ testing

© Protective + Contact coating made of Co,MnO, spinel deposited on Crofer by PVD +
screen-printed LSM show stable ASR at 800° C in ex situ testing and in operation

Seal:

© Several glass seals Schott AF45, YS2B and Schott G018 304 and mica
(Thermiculite®) show good compatibility with hydrogen electrode and interconnect
material after 1000h ageing at 800° C in steam environment, exhibit leak rates below

«, 0.5% of the anode/cathode flow at a pressure difference of 20 mbar.
i‘"" © Tightness ensured for 4500h with a combination of Schott G018 304 + Macor®
S iy
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iV curves @ 800°C & 50-90%vol.hum. ESC

RelHy Technical Accomplishment

Stack with reference ESC (ECN)

SOEC iV curves @& 905 humidity | 815 - B20°C thermo-couple
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x Good reproducibility at the SRU and short stack level,

x Good tightness maintained for both during more than 4000 h (Faradaic
efficiency ~ 100%)

x End plate contacts in short stack improved to withstand high steam content,

x Satisfactory homogeneity between cells and high initial performances

x Degradation rate decreased with protective + contact coating and limited
even at high current density
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RelHy Technical Accomplishment
Simulation and Thermsz

VIanagement

Simulation in Stack | emperature dynamic response

270 . —Tr——— 1035
U =1500mV|—H -2
860 i ' o 9000 Am
250 i g 1030 5
| 8000 A m

s - — 'éf:,
o830 o 1025 1
= _ A E N
E B20 Ugey=1000mV" | -LT“u=13Uﬂ'lll‘f IH'/ g 1020
|1_=J 810 [ U =1000mV | [/ E 6000 A m™

?{IIIE\ -'_1 Thermo neutral operating mode

N A ; 1015 1 ,
790 e o | Uyy=1200mV | ' 5000 Am’
TH”" 02 04 0.6 ”-LH' l 12 14 1010 T T T T T T T
Current density (A cm™?) 200 0 200 400 600 800 1000 1200 1400
J. Laurencin et al., J. Power Sources, 196 (2011) 2080—2093. Time (s)
=®» |n stack configurations, with limited heat dissipation, significant thermal
gradient can occur across cells..
=» Upon transient temperature excursions are unavoidable
“a : o =®» Major influence of the chosen operating conditions
kb
A -
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RelHy Technical Accomplishment

Performances and long duration tests (4000h)

on reference and improved components at ;
: : —
— the single cell level Y DR .
g ~4% per 1000h —
— the SRU level SRU 2 '
— the short stack level o T e —
17 4 S — T°C lgg 13 250
_d'-l_i * g 12 300
16 1 OB AEmE T80
[5) feed: 90 % steam/10% H,
_____ S 9 TR | o 25 i
Slngiece” E 14 oAl . 780 ‘E e 200 400 500 MM
H,-3%H,0 50%H, - 50%H,0 H,0 2 43 ":—_-‘ 0.4 Afem? 70 E- time (h) _
2800 -0.4 A/cm? s - -
~1%/1000h 2 | -
2222 degradation 11 mV per kh " """-’,“t S "~ - -
1600 " Cell voltage 111 770 - -
! (mv) 1 740
1200 T T T T T T T T

200 JA Temperature 0 500 1000 1500 2000 2500 3000 3500 4000 4500

400 / (OC) Time (hours)
U — -

0 100 Mo 300 100 do 600 . . 3o . .
40 Some outstanding results; Many difficulties encountered,;
-800 -

120 Current densty majems)———me A) =1 We have learned at lot!
---- S L © Testing SOEC is not testing SOFC: Reliable tests required

-
_-=" at all scales;
© Major influence of the operation point for stabilisation,
o, S for avoiding high degradation rate while maintaining
" s L l"‘\!z process efficiency and economical relevance;

——— e, .
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RelHy Technical Accomplishment

Current Density (A cm2)
0,00 0,10 0,20 0,30 r,4n 0,50 0,60 0,70 0,80 0,90 1,00 1,10

: ST Rp——
f 8 . @ Some issues encountered:

- reproducibility especially at
single cell level

- steam production stabilisation

Degradation rate (%/1000h)
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15

Current Density (A cm2)

© Some conditions found with g 00,00 0,10 0,20 0,30 0,40 0,50 0,60 0,70'0,80 0,90 1,I00 1,10
no degradation S . . .
© High current densities at s . °
degradation rates < 5% per kh 3 o
(SRU and short stack) S "
. . = 10
© Long duration experiments z 1
(> 4000h) >
0O 15 b

o o . . : :
A " S Results in good agreement with current results published worldwide
i:t,t:‘ LE...... Y- > M ising for HTE technol

i FCH. ost promising for technology



the ENERGY pric

1. To promote the achievement of significant, fundamental breakthroughs in the understanding of the
physical and chemical aspects of the various materials included within stacks

The approach from cell to stack including EIS and post test characterisation has allowed
understanding degradation mechanisms and establishing best operation conditions.

2. To promote the discovery of novel high-performance, low-cost materials, and their synthesis/manufacturing
processes

RelHy was built on the results of previous programs both on SOEC (Hi2H2) and SOFC (REAL-
SOFC, SOFC600). The most promising materials have been adapted and assessed for HTE
conditions.

3. To enable new concepts for stacks, which can be used in the next generation of fuel cells by 2015

Best dimensioning for SOE operation has been calculated ; Efficient SOE stack design has
been derived from proven SOFC stack.

4. Upstream collaborative research effort aimed at achieving breakthrough on critical materials, processes
and emerging technologies

Achieved thanks to the RelHy consortium composition (two university laboratories, three
research institutes, one fuel cell stack manufacturer, and one energy company) and to effective
collaboration during the project duration.

I SEY
& %
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*Relevance to the objectives of the call
1 “New Materials and Processes for

DG

Development of multifunctional low cost material

© Most promising materials (from in Hi2H2, REAL-SOFC and SOFC600) have been further
improved for HTE operation conditions.

Integration of innovative material into durable components for a new generation of electrolyser (SOEC)

© Improved cell materials, interconnect coatings and sealants have been demonstrated
both at the SRU and full stack level

Design construction and testing of an innovative laboratory prototype electrolyser with potential for increased
efficiency and lifetime and lower capital cost

© A 25-cell electrolyser stack prototype integrating most promising materials is under
operation since September with promising results

Assessment of the integration of a prototype with renewable sources

© Integration of SOE with wind turbines has been evaluated in WP5 highlighting potential interest

High efficiency electrolysis

© Good balance high efficiency / high durability can be obtained close to thermoneutral
voltage (1,3V) with current densities between 0,4 to 0,8 A.cm? and SC rate close to 50%

Cost competitive electrolysis processes

© The conditions for obtaining competitive H, price have been assessed in the project
i & o FCH JU Review Day, Brussels, 2011 November the 2277 12




Cross-cutting issues:
Education, Training & Dissemination

INTERNATIONAL WORKSHOP ON

09— 10t JUNE 2009

HOTEL RENAISSANCE
KARLRUSHE, GERMANY

INTERNATIONAL WORKSHOP ON

HIGH TEMPERATURE ELECTROLYSIS
BARRIERS TOWARDS LARGE SCALE
DEMONSTRATION

Sth— 7 JULY 2011

e IMPERIAL COLLEGE, LONDON « ” \ 1 2
- - /
oo s R b ei ‘H\,‘.‘ e Events  Annust repo M Stugents Contacts
e o L) - Yy
e “m.‘“‘!-i . P,
.
About Relhy o
ne otz Cuid e L

anz Relazis Hydrogen Prozutnen

Supported by the Furopean Commission

e v' - Public website
v" - Organisation of 2 international workshops
v' - >30 publications or presentations
‘__'_LH_.\/J v -1 student exchange (IC, EIFER, CEA)
bﬁ' FCH JU Review Day, Brussels, 2011 November the 227 13




EU collaborations:

« The project was built on the achievements of FP6 Hi2H2, RealSOFC, and
SOFC600

National collaborations:
» The project has taken advantage of

— Danish National Program on Hydrogen (Danish funded projects (Energinet.dk;
Danish Energy Authority; Danish Program Committees for: Energy and Environment;

and Nano Science and Technology, Biotechnology and IT; Topsoe Fuel Cell A/S)

— French ANR initiative on Hydrogen and Fuel Cells (programs Icare, Moise,
Fidelhyo)

Future research approach:
— FCH JU - ADEL was built on the outcome of SOFC600 and of RelHy
— Current proposals (both European and National) focused on co-electrolysis
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» »
nhancing cooperation and future perspectives
K g coop J persp

.. RelHy Future market perspe \l:i'

« Common “International” agreement on HTE Technological Targets:
— Each solid oxide cell should be run close to thermo-neutral voltage
— Solid oxide cell temperature should range between 700 - 800° C
— At the cell level a steam conversion rate between 60 to 80% should be targeted
— Stack lifetime should be at least 2 years

— Accordingly, the voltage degradation rate should be lower than 2% per 1000h and
even in the medium term, lower than 1% per 1000h

— To improve the complete system integration and efficiency, the next step is to work
under pressure (5-50 bars) in order to avoid the first pressurisation step of hydrogen.

« Current performances suitable for niche markets entry (in particular in

association with CO, valorisation) High ——p Hydrogen
I Temperature SNG
Power Electrolysis = Methanol
Steam p- —b DME
Hydrogen (H,) or
o, g Syngas (H, + CO) —p Gasoline
‘. ‘:g

R&hk—t\rf, Diesel
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