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AWP 2017 - Topic 02-1-2017 Game changer Water Electrolysers

 Higher pressure * P >100 bar, e Develop and validate
prototype game-

. Rap]d response e | > 4A/Cm2, Changer eleCtrOlyser
* Increased current « T>80°C ° c@gghei(njgeaﬁcri]

densit

STty 10-50 KW operating such an
[ ] - ’ l

. Reduqed critical raw electrolyser

LU AL * 22,000 Hours of  Assessment of

operation commercial
* Elevated temperature opportunities
TRL3 > TRL5
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Concept and Approach

[ Development of MEA and Stack Components ]]

Reinforced membrane
with lower thickness to
reduce ohmic drop and

improve mechanical
stability

- Anode Catalyst

Redesign diffusion

gas diffusion and Filler

Diffusion Layer

layers to improve Recombination Catalyst

Hydraulic compression (high
P), flow-field free design and
protective coatings of Ti
plates to achieve low cost

and durable stacks

Water Transport ~_ Electrolysis

e o | P
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AKX KOCL KK
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overcome reversible

degradation
Cathode Catalyst

Diffusion Layer

Cross-over management
through dual recombination
catalysts (membrane filler
and integrated in the anode)
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Polymer Electrolyte Membrane s!

.......................

Nanostructured catalysts to ek - Increase current density to
stability, lower precious metal '~ compact stack design and

content; reducing mass - . . .
’ . A\ efficient use of materials
transport
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Concept and Approach

i

System development

Control line ©
{}o' System Control

Design and cost
calculation for a

multi MW system
and market
research

|
I
(¥ Power Supply I
|
8

@ Pumps, sensor and |
valves I
L I B
Advanced radiator L%
l—
. I Exchange

Resin

Water Supply

Frame, tubing and
container

Balance of Plant

components

% Hydrogen
o Purification

Electrolyser Prototype
Power Range: 30 —70 kW
Capacity: 13 —26 kg H2/day
Current Density: 4 —8 A/cm2

Temperature: 90 °C (nominal)

=~ High pressure gas
grid
Compression 700
bar HRS
7 Chemical Industry

Activities

+ Performance monitoring

+ System engineering and
assessment for cost reductions
in system components

+ Cost and life cycle analysis on
system level

+ Techno-economic assessment

Assessment of the

CAPEX and OPEX for
various system sizes
and production
capacities
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Drafting of an ‘
exploitation plan Exploita
and technology plan

roadmap

& |

Demonstration

Build up of
Production

capacity

Market entry

and technology
roll out

I
FOLLOW-UP PLAN

tion
on multi-MW
scale
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EXTRUDED MEMBRANE

TORLON REINFORCED
MEMBRANE

Hydrogen permeation
rate

Gas crossover

ASR

2y
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Several Aquivion-based membranes were evaluated for Neptune and
selection for the final product was based on

CAST MEMBRANE

ePTFE REINFORCED MEMBRANE

Thickness

homogeneity
4

Achievable TRL

——E98-05S
—(C98-055
~—R98-05S ePTFE

In-plane conductivity R98-05S Torlon

X7

Mechanical Properties 20
FLleanHyarogen

o Performance (i.e. electrochemical, mechanical and mass transport
properties)

o Achievable quality
o Achievable Technology Readiness Level (TRL)

Required quantity of membrane has been produced and shipped to
the partner responsible for MEA fabrication

Aquivion E98-05S Membrane

Membrane type: Extruded
Equivalent Weight (EW): 961 g/mol
Thickness: 55 pm

Chemically stabilized

Siracusano, S.; Oldani, C.; Navarra, M.A.; Tonela, S.; Mazzapioda, L.; Briguglio, N.; Arico, A.S.
J. Memb. Sci. 2019, 578, 136-148.
Gatto, |.; Carbone, A.; Sacca, A.; Passalacqua, E.; Oldani, C.; Merlo, L.; Sebastian, D.; Arico, A.S.; Baglio, V.

J. Electroanal. Chem. 2019, 842, 59-65.
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Cathode

Anode Recombination

IrRUOX: Modified Adams Synthesis Anode integrated recombination catalyst: PtCo

2000

7.9nmas = 2000 PtCo alloy obtained
rcrystallite size  sw Ir0; & ]ginagég;f g
40% Pt/C: Sulphite complex 1500 | 3 o Pt-Co. i
route ; § g t;Coq1s
s S 32500 | i @ Characterised by a
: R Pt,Co, 6.9 nm lower fraction
40% Pt/C ° | of Cobalt on the
. |3-3nm il e T A Jk N surface
é 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
H 0 ) . ! . . °2 Theta

20 30 40 50 60 70 80

o - N
2 Theta / degrees oo g:mgmw jx ovaf H rrLsey
20 25 30 35 40 45 S0 55 60 65 70 75 8 8 90 95 EV]dence Of SOl]d . , f\i zx l Surface 90 10
20/ degree Solut-ion With Some ¢ 1;90: Co0 sats\lites'\i f ic:ﬂn.m-\l 2 4o0al |
, wall o0 ~ Bulk 75 25
enrichment of Ir ww‘”“’f W w ,
On the Surface and cé15é1uéoséuui955isof5¥s:u7'75|727u 0 T B0 78 78 T4 73 Tt ——

B4 B2 BO 78 76 74 72 70 68 66 64

Binding Energy (8V) Binding Energy (¢V)

XRD: Pt cubic and Carbon Ruin the bulk

support hexagonal
crystallographic structures

=10 nm IrM =10 nm

S. Siracusano, N. Hodnik, P. Jovanovic, F. Ruiz-Zepeda, M. Sala, V. Baglio, A. S. Arico.
Nano Energy 40 (2017) 618-632.

N. Briguglio, S. Siracusano, G. Bonura, D. Sebastian, A. S. Arico.
Applied Catalysis B: Environmental 246 (2019) 254-265
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. Single Cell Performance Almost 50% reduction
H yd I"O g e n 25 of the H, concentration
Week R SRR B SI P :
ot in O, in a wide range of
et st et current densities
< :::3‘:;:::*”” -30°C o,
__________________________________________ B 33333" +40°C .
: 0 2 | E *55°C o7 l
| IrRuOx (15% D98 06AS) 0.3 mg-cm? ! 5 Do oo [\ 1 bar, 55 “C inlet water IRD
1 [ g ae N ,
| PtCo 0.2 mg-cm2 | & 70°C 3 05|\
: : +80°C 2 \ a IRD Fuel Cells
| E98 055 : -90°C 81\ vemn
! 1 S o3 : ared _ fmTTTTTToTToTomoomomoon 3
' 40% Pt/C (28% D98 06AS) 0.1 mg-cm? ! £ .. ' IrRuOx (15% D98 |
------------------------------------------ . 5 6 7 8 9 10 11 12 13 T 02 | :
ox i ' 06AS) 0.34 mg-cm? |
21 Current Density /| A-cm2 00 PtCo oxidation c;i‘alyst-based MEA i E98 09S i
’ 0 1 2 3 a4l !
/ \ o | 40% Pt/C (28% D98 |
. . . Current density / Acm i |
2 | 80 °C MEA with recombination _ | 06AS) 0.1 mg-m? |
- 4 A-cm-2 catalyst shows good 3.50 [20bar, 55 *Cinlet water] i ____ .
=~ 19 | s . 2 300 RC: PtCo (10% D98
5 Wf:::_ stability with a voltage | 3°~ sre b 06AS) 0.2 mg-cm2
S 18| efficiency of ~ 80 % vs. | 5 . .
° the high heating value £ 10
-_ 1.7 F T 1.00
— H HV of h d ro en at a PtCo oxidation catalyst - based MEA —
3 - bare MEA L ) ) yd ¢ . 050 ITINE
16 F-] A-cm-2 + RC Mixed MEA Ig Current enSIty o o 0 0.5 1 15 2 25 3 3.5
.5 QA Cm'z_ / Current density / A cm?
. « N. Briguglio, S. Siracusano, G. Bonura, D. Sebastian, A. S. Arico.
0 500 1000 1500 2000 2500 3000 3500 4000 Applied Catalysis B: Environmental 246 (2019) 254-265
. - F.Panto, S.Siracusano, N.Briguglio, A.S.Arico.
Time /h #Cleanﬁlt-l Py%%gég @ m European Applied Energy 279 (2020) 115809
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New PEMWE stack module designed
at ITM acts as a pressure vessel -
self-pressurizing to save energy
and cost in compression of gases.
Low-cost, single acting hydraulic
cylinder provides compression for
the stack module.

Stack design based on:

Stack module consists of: o ‘filter press assembly’, in a bipolar arrangement

o composite cell-plate

assemblies o injection-moulded parts
o flow-field free architecture to eliminate expensive

o end-plates e
machining costs

o retention structure o .
o efficient, compact design for lean manufacture
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Prototype stack operating at high
temperature, pressure and current density
integrated into an single, compact unit
with advanced balance of plant.

All sub-systems and components have been
evaluatedin a design review.

Engineering calculations and computer
simulations carried out to aid selection of
correct materials of construction.

Build of balance of plant and installation of
electrical systems nearing completion.
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Further Information

www.heptune-pem.eu
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