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= Call year: 2017
= Call topic: FCH-02-1-2017 — Game changer Water Electrolysers

» Project dates: 01/02/2018 - 30/04/2022

= % stage of implementation 01/02/2018: 100%

» Total project budget: 1,927,335.43 € www.neptune-pem.eu

= FCH2JU max. contribution: 1,926,221.25 €

= QOther financial contribution: 0 €

i Clean Hydrogen

..... the European Union
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» Higher pressure * P > 100 bar, » Develop and validate
prototype game-
. Rap]d response o | > 4A/Cm2, Changer electrOlyser
« Increased current - T>80°C » Knowledge on
density ggsé]rgant]iggg as\th an
* 10-50 kW,
. Reduqed critical raw electrolyser
TEENELE * 22,000 Hours of « Assessment of
operation commercial
* Elevated temperature opportunities
TRL3 > TRL5

Clean Hydrogen

the European Union
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Concept and Approach

[ Development pf MEA and Stack Components m

Reinforced membrane

with lower thickness to

reduce ohmic drop and
improve mechanical

Hydraulic compression (high

P), flow-field free design and
protective coatings of Ti

plates to achieve low cost

Diffusion Layer
stability v

and durable stacks

- Anode Catalyst

Redesign diffusion
layers to improve
gas diffusion and
overcome reversible
degradation

Recombination Catalyst

Filler

Polymer Electrolyte Membrane s

Cathode Catalyst

Diffusion Layer

Nanostructured catalysts to
increase intrinsic activity and
stability, lower precious metal
content; reducing mass

transport

Cross-over management
through dual recombination
catalysts (membrane filler
and integrated in the anode)

S nm

Increase current density to
reduce capital costs, allow
. compact stack design and

A\ efficient use of materials

Clean Hydrogen

EUROPEAN PARTNERSHIP

Partnership

Co-funded by
the European Union
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I Powerline)
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System development

Control line éﬁo. System Control

“@ Power Supply
8
Pumps, sensor and
EE
]
@ Advanced radiator

Frame, tubing and
container

Balance of Plant
components

e Hydrogen
S Purification

Electrolyser Prototype
Power Range: 30 —70 kW
Capacity: 13 — 26 kg H2/day
Current Density: 4 —8 A/cm?2

Temperature: 90 °C (nominal)

Design and cost
calculation for a
multi MW system
and market
research

Partné'r'svﬁivﬁ' .

Assessment of the
CAPEX and OPEX for
various system sizes

and production
capacities

EUROPEAN PARTNERSHIP

Co-funded by
the European Union

Drafting of an o
exploitation plan Exploitation
and technology plan

roadmap

High pressure gas
grid

Compression 700
bar HRS

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
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CNR - Specifications & u e ENGIE - Market analysis,
harmonisation of test = implementation

protocols : . of policies & regulations PXO —
Dissemination

SLV — Polymer ol e CNR — Electro-catalysts

electrolyte & recombination

membrane catalyst
& ionomers

EWIl — Membrane-electrode '
assembling

Exploitation

Clean Hydrogen
Partnership  europeaN PARTNERSHIP - Co-funded by

the European Union
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Selection of the final product was based on a
Several Aquivion-based membranes were number of metrics;
Thickness
evaluated for Neptune. Homamencity
4
EXTRUDED MEMBRANE P Hydmge':apt?meatb" Achievable TRL
——[E98-055
—(98-055
~——R98-055 ePTFE
——R98-055 Torlon
Gas crossover In-plane c
TORLON REINFORCED ePTFE REINFORCED MEMBRANE
ASR Mechanical Properties
« Siracusano, S.; Oldani, C.; Navarra, M.A.; Tonella, S.; Mazzapioda, L.; Briguglio, N.; Arico, A.S. J. Memb. Sci. 2019, 578, 136-148.
« Gatto, I.; Carbone, A.; Sacca, A.; Passalacqua, E.; Q{dani, C.; Merlo, L.; Sebastian, D.; Arico, A.S.; Baglio, V. J. Electroanal. Chem. 2019, 842, 59-65.
Clean Hydrogen
_}_:;t:__._PartnerShlp EUROPEAN PARTNERSHIP - fh‘;':;':;:‘::x .
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Week VALUES
ASR <25 mQ.cm?

@ 100 bar
0 0 0 2
4: best --> 1: worsed 257% 50% 757% >415 cm
Membrane E98-05S C98-05S R98-05S ePTFE R98-05S Torlon Target
Type Extruded Cast Reinforced Reinforced -
ASR (@ 80° () 3 3 4 1 <25 mQ.cm?
Gas crossover @ 4 Acm-2, 90 degC 1 1 - - <0.5 vol.%

= :
S — - ——
7y . = > '\
#% Clean Hydrogen

R Co-funded by

Partnership EUROPEAN PARTNERSHIP - S B ek
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Y g\Meek PROJECT START » 0.6 mg cm2 VALUES
VALUE 4 A o2

2Acm?

2.5 mg cm2 }> }>}> <0.4 mg cm.'z

<0.5 vol.% H, in O,

(o) (o) (o)
. , 25% 50% 75% @ 100 bar
Target @ 90 °C, 4 Acm2:1.75V
25
L4 @
S " | & 90 °C
\3.0 N
2 jg :g g 25 \\\+AMB+5 BAR =10 BAR - 20 BAR
g '55°C E 2.0 \\‘
2 +60°C E 15 + D ——
° 70°C S 1.0 /
* 80°C S os
+90°C ~
I 0.0
- 0 1 2 3 4
6o 1 2 3 4 5 6 7 8 9 10 11 12 13

Current density / A cm™?

 N. Briguglio, S. Siracusano, G. Bonura, D. Sebastian, A. S. Arico. Applied
Catalysis B: Environmental 246 (2019) 254-265

 F.Panto, S.Siracusano, N.Briguglio, A.S.Arico. Applied Energy 279 (2020)
115809

Co-funded by
EUROPEAN PARTNERSHIP - the European Union
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Week PROJECT START
VALUE

-2
) Achievement to-date 2.5 mg cmr

Target @ 90 °C, 4Acm'2: 1,75V

»1 7 mg 2 PROJECT TARGET
VALUES

<0.4 mg cm2
5|JV/h over 2,000 h

25% 50% 75%

2.30 -
2.20
2.10
1.9
2.00 > o
— ] em2
=190 £18 4 Acm
= [
=2 °
T 1.80 e 1.7
S 5 + IRD - MEE00441 - Bare
Q
170 16 | +iRD- MEE004sS - MixeD |
160 ] + IRD - MEE00456 - UNMIXED
1.5 11 Acm
1.50
14 - s
1,40 I 0 500 1000 1500 2000 2500 3000
000 100 200 300 400 500 600 .00 800 9.00
Time / h
Current Density [Afcm2)

.': ----- Clean Hydrogen

the European Union

----- PaftnerShIP EUROPEAN PARTNERSHIP - Costunded ty
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\Project Progress - Stack DeSIgn

# Clean Hydrogen
Partnershlp

Co-funded by
EUROPEAN PARTNERSHIP - the European Union

) ITM POWER

Energy Storage | Clean Fuel

New PEMWE stack module designed at ITM to achieve the project
targets.

Stack module consists of:

. composite cell-plate assemblies,
. end-plates,
. retention structure (referred to as a ‘Skid’).

Designed to act as a pressure vessel - self-pressurizing to save energy
& cost in compression of gases.

Low-cost, single acting hydraulic cylinder to provide compression for
the stack module.

Stack design based on:

. a ‘filter press assembly’, in a bipolar arrangement,

. utilising injection-moulded parts.

. flow-field free architecture to eliminate expensive machining
costs

. efficient, compact design for lean manufacture.
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START VALUE TARGET VALUE
. 20 bar 100 bar
Achievement to- - ) -
) chievement to-date 55 °C >§> 280 °C

25% 50% 75%

Aquivion E98-055, 20 bar Aquivion E98-055, 55 °C
5.0
45
4.0 4.0
35 ——20 bar
= 30 bar
? a-n ——
P = & —=—40 bar
——55-57°C T e SObar
——=J17C E . =G bar
——90-92°C E 2.0 Fo-mmmmmmmegrmm g Smen e ——70 bar )
Max HZ Cross-over Limit L8 ====Max H2 Cross-over Limit
1.0
0.5
T e e R e B L e e B e
0.0 1.0 2.0 3.0 4.0 50
Current Density (Afem2) Current Density (Afem2)

:-'-'-'-- Clean Hydrogen

'.'.'.'_. Partnershlp EUROPEAN PARTNERSHIP - e Y, s
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Activities planned during the second half of the project were
significantly disrupted due to the Coronavirus outbreak.

Covid-related delays meant that the final stages of the project also
coincided with the timing of ITM’s move into its new facility, leading to a
significant disruption to final testing.

Despite these challenges, the stack and system were successfully
designed, procured, and assembled. However, testing on the final stack
was significantly limited.

As a mitigation strategy, the project MEAs were fully characterised and
tested at the single cell level while the balance of plant was verified
using a reference stack.

Project results indicate the potential for optimization of PEM
electrolysis, the challenge is scalmg up from the laboratory to make the
changes a commercial reality.

" Clean Hydrogen

Pa rtnerShlp EUROPEAN PARTNERSHIP SR Co-funded by

MU the European Union
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Exploitation Impact
This ambitious targets will allow the market
opportunity for PEM electrolysis to be exploited,
ITM = High performing stack operating at high temperature particularly in the sectors of hydrogen for
and pressure. transport, and of energy storage and Power-to-

Gas applications.
CNR - New intellectual property from developing new

components. Sustainable hydrogen production which can
meet an increasing share of the hydrogen
Solvay - Reinforced Aquivion membranes. demand for energy applications from carbon-

free or lean energy sources.

IRD - MEA engineering and automated multilayer catalyst-
coated membrane (CCM) methods.

Engie - Implementing regulations together with policy
makers for using electrolyser in HRS and grid services

1 ]
an H ydrogen

sy Llean N irogen
i Partnership EUROPEAN PARTNERSHIP m Gortonded by

the European Union
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Communications Activities
Website

www.nheptune-pem.eu

Next Generation PEM Electrolysers under New Extremes ...

“TU N E Home About NEPTUNE Game Changer Workshop Activities Di:

Dissemin:
Publications
Newsletters
Conferences
Newsletters
o ISSUE#2 - July 2020 Brochure

The second issue of the NEPTUNE newsletter is also available for download: PDF

http://neptune-pem.eu/en/dissemination/newsletters

:-'-'-'-- Clean Hydrogen

PR3TEXO

..... Partnershlp EUROPEAN PARTNERSHIP - ity
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Public Reports - 11

Covering; Test Protocols, Membranes, Catalysts,
MEAs, Stacks, Dissemination

Publications - 6

Reinforced short-side-chain Aquivion® membrane for
proton exchange membrane water electrolysis,

S. Siracusano, F. Panto, S. Tonella, C. Oldani, A.
S.Arico, International Journal of Hydrogen Energy,
Volume 47, Issue 35, 26 April 2022, Pages 15557-15570

----- Clean Hydrogen

Pal'tnel'ShlP EUROPEAN PARTNERSHIP

vt O . . . el
@%‘T@?é Dissemination Activities

Conferences - 10

WHEC2022 - 26-30 June 2022, Istanbul

e European Hydrogen Energy Conference 2022,
18-20 May 2022, Madrid, Spain

e ICH2P-2021, 19-23 September 2021, Online

e EFCF 2021: Low-Temp. Fuel Cells, Electrolysers
& H, Processing, 29 June - 2 July 2021, Online

e |CE webinar 2021, 18 June 2021, Online

RARCEN Co-funded by
BSOS the European Union
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https://neptune-pem.eu/en/workshop2

Readiness Level, contributing to step changes in performance.
59 participants from both industry and academia.

Presentations from international experts in the field.

Clean Hydrogen

..... the European Union

O'v'STER {O Eia C
T— PROMETH? ST====

Game Changer Proton Exchange Membrane Water Electrolysers - Online Workshop - 17th June 2021

Aim: To discuss next generation PEM electrolysers, with novel solutions at intermediate Technology

i Partnership EUROPEAN PARTNERSHIP - Cotunded by
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Further Information

www.heptune-pem.eu
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the European Union




