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Validate disruptive technologies for 100 kW light-weight &
compact fuel cell stack designs, with high power density and
enhanced durability (under automotive application conditions), and
compatible with large scale/mass production of full power-stacks.
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Validate disruptive technologies for 100 kW light-weight & £ 4,
compact fuel cell stack designs, with high power density and 5‘3 ”E 50
enhanced durability (under automotive application conditions), and = ¥ 10
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compatible with large scale/mass production of full power-stacks. 5 e e ey ey e
n a ta evo | €evo
1 2
Int. SoA 2017 DOLPHIN mStack 25 31| 31 29 41
(AutoStackCore) (~ FCH-JU 2024 targets)
Weight-specific power density (kW/kg) at nominal power 34 >4.0 (>+18%)
Volumetric power density (kW/I) at nominal power 4.1 >5.0 (>+25%)
Area-specific power density (W/cm?) at 0.66 V 1.13 2.0 (+75%)
Cost (€/kW) at 100 000 units/year 36.8 <20 (-45%)
Durability (hours) 3,500 6,000 (+70%)
Stack max operating temperature (°C) 95 105 (+10°C)
. DOLPHIN Project: 1st public workshop (cell and
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Validate disruptive technologies for 100 kW light-weight &
compact fuel cell stack designs, with high power density and
enhanced durability (under automotive application conditions), and
compatible with large scale/mass production of full power-stacks.

Weight-specific power density (kW/kg) at nominal power
Volumetric power density (kW/I) at nominal power
Area-specific power density (W/cm?) at 0.66 V

Cost (€/kW) at 100 000 units/year

Durability (hours)

Stack max operating temperature (°C)

Int. SoA 2017

(AutoStackCore)

3.4

4.1

1.13

36.8

3,500
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DOLPHIN mStack 25 31 | 31 | 29 41
(~ FCH-JU 2024 targets)
1,00
> 4.0 (> +18%) 0,95
0,90
N AUTOSTACKCORE target
>5.0 (> +25%) 0,85 - 1.13 W/cm?
080 | MG~ T T~o
2.0 (+75%) > 0,75 T~< DOLPHIN (M48)
0,70 1 T~ 2W/em?
<20 (-45%) @ 065 ~A. . A, R
2 0,60 DOLPHIN (M24)
6,000 (+70%) 0,55 |eerens SoA 2012 .. 1.45 W/cm?
0,50 |=—AUTOSTACKCORE full stack {99 KW - 335 cells - 300 cm?)
105 (+10°C) 0,45 |=——AUTOSTACKCORE short stack (6 kW - 20 cells - 300 cm?)
040 |~ = DOLPHIN M24 performances
! = =—DOLPHIN M48 performances
0,35
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Validate disruptive technologies for 100 kW light-weight &
compact fuel cell stack designs, with high power density and
enhanced durability (under automotive application conditions), and
compatible with large scale/mass production of full power-stacks.

Int. SoA 2017

Weight-specific power density (kW/kg) at nominal power 34

Volumetric power density (kW/I) at nominal power 4.1
Area-specific power density (W/cm?) at 0.66 V 1.13

Cost (€/kW) at 100 000 units/year 36.8
Durability (hours) 3,500

Stack max operating temperature (°C) 95

Public information (2017)
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DOLPHIN
(AutoStackCore) (~ FCH-JU 2024 targets)
1,00
>4.0 (> +18%) 0,95
0,90
>5.0 (> +25%) 0.85
0,80
2.0 (+75%) > 075
0,70
<20 (-45%) E 0,65
S 0,60
6,000 (+70%) 0,55
0,50
105 (+10°C) 0,45
0,40
0,35
Challenging!
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5 kW demonstrator (CEA, ZSW)
with improved materials/processes
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5 kW demonstrator (CEA, ZSW)

with improved materials/processes | | Single Repeat Unit

Overview of DOLPHIN

Thinner metallic plates (SYM)
Thinner carbon-based plates (HEXCEL)
Treatments of plates (SYM, CEA)

New (ZSW, CEA, SYM) Flow Field design
with downsized rib/channel pitch by
printing (CEA), molding (HEXCEL),
stamping (SYM), additive manufacturing
(DMG-MORI), laser milling (ZSW)
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5 kW demonstrator (CEA, ZSW)
with improved materials/processes | | Single Repeat Unit

Thinner metallic plates (SYM)
Thinner carbon-based plates (HEXCEL)
Treatments of plates (SYM, CEA)

Electrical and

¢ <7 1 '\ » - ; New (ZSW, CEA, SYM) Flow Field design Fluidics Core
e = = - with downsized rib/channel pitch by

printing (CEA), molding (HEXCEL),
stamping (SYM), additive manufacturing
(DMG-MORI), laser milling (ZSW)

Thinner (<10 um) or beyond PFSA
membrane (CHEM) with SLG coating (UoM)

Electrochemical
Core

3D textured cathode AL (CEA) with
improved ionomers (CHEM)
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Thinner metallic plates (SYM)
Thinner carbon-based plates (HEXCEL)
Treatments of plates (SYM, CEA)

Electrical and

New (ZSW, CEA, SYM) Flow Field design Fluidics Core
with downsized rib/channel pitch by
printing (CEA), molding (HEXCEL),
stamping (SYM), additive manufacturing
(DMG-MORI), laser milling (ZSW)

Thin GDL substrate (HEXCEL), with MPL
and treatments (CEA)

\ Interface

Or only MPL coated onto AL (ZSW, CEA)

Thinner (<10 um) or beyond PFSA
membrane (CHEM) with SLG coating (UoM)

Electrochemical
Core

3D textured cathode AL (CEA) with
improved ionomers (CHEM)
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5 kW demonstrator (CEA, ZSW)
with improved materials/processes

Single Repeat Unit

3D Lighter Integrated Terminal Plate
(composite, HEXCEL)
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‘Lower’ risk approach : downsized components, alternative
materials and processes, membrane protection

y

EFC

Thin Carbon or metal plate
with down-sized flow-fields

Protective u-porous gas transport layer (MPL)

Graded (O,) catalyst coating

EC Thin membrane

y

DOLPHIN Project: 1st public workshop (cell and
manufacturing technologies) - virtual — 18/06/2021
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Pracesses, arcHitecture and optimized INterfaces

‘Lower’ risk approach : downsized components, alternative
materials and processes, membrane protection

‘Higher’ risk approach:
in addition, remove the GDM

y

EFC

Thin Carbon or metal plate
with down-sized flow-fields

Protective u-porous gas transport layer (MPL)

Graded (O,) catalyst coating

EC Thin membrane

y

Overview of DOLPHIN

Thin cooling circuit

Thin Carbon or metal plate

with down-sized flow-fields

Protective pu-porous gas transport medium (MPL)

Graded (O,) catalyst coating

Thin membrane

Reduce mass, volume
Increase performance, durability

DOLPHIN Project: 1st public workshop (cell and
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Area-specific power

1.13 2.0 (+75%
density (W/cm?) at 0.66 V ( J

Weight-specific power

>4.0 (=
density (kW/kg) at 3.4 (

: +18%)
nominal power
Volumetric power density o >5.0(=
(kw/1) at nominal power ' +25%)

< 20 (-45%)

Cost (€/kW) at 100 000 36.8
units/year '

Durability (hours) 3,500

Stack max operating 95
temperature (°C)

Overview of DOLPHIN

6,000 (+70%)

105 (+10°C)

Contribution to the targets =

SO 2087 DOLPHIN Developments ””
(ASC) P

European
Commission

Downscale rib-channel dimensions (EFC)

Thinner GDM (or remove GDM) and thinner membrane (<10 pm, EC)
In-plane gradients (EC)

Increase W/cm?

Reduce sheet thickness down to 50 um (EFC)
Replace metallic sheets by carbon sheets (EFC, ITP)
Remove GDM, lighter ITP

Increase W/cm?

Reduce sheet thickness down to 50 um (EFC)
Replace metallic sheets by carbon sheets (EFC, ITP)
Remove GDM

Thinner ITP

Reduce quantity of materials
New manufacturing processes

Replace metallic sheets by carbon sheets (remove welding, EFC)
In-plane and through-plane gradients (EC, EFC)
SLG coated membrane

New membrane (EC)
SLG coated membrane (EC)
DOLPHIN Project: 1st public workshop (cell and
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SPECIFICATION, MODELING & MANUFACTURING Each partner

Performance screening
e EFC rib-channel

» ECcore 1.8cm?| cea
+ Diffusive transport structures '
* Combinations EC/EFC '

100 cm?2

~ Performance screening ﬂ
« EC core ‘

5 Combinations EC/EFC

ZSW, CEA

100 cm?2

Perform_ance/durabllltv screening CEA, ZSW
» Cooling \

e Gas distribution

TP2 [150:200] cm?
Performance/durability full assesment
« Novel Terminal Plates - CEA, ZSW
» Select 1 or 2 architectures
¢ Cost assessment | |
DOLPHIN 100 kW stack

design & technologies

DOLPHIN Project: 15t public workshop
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SPECIFICATION, MODELING & MANUFACTURING Each partner

Performance screening
e EFC rib-channel

» ECcore 1.8cm?| cea
+ Diffusive transport structures '
* Combinations EC/EFC '

Today 100 cm?

~ Performance screening ﬂ
« EC core ‘

5 Combinations EC/EFC

ZSW, CEA

100 cm?2

Perform_ance/durabllltv screening CEA, ZSW
» Cooling \

e Gas distribution

TP2 [150:200] cm?
Performance/durability full assesment
« Novel Terminal Plates - CEA, ZSW
» Select 1 or 2 architectures
¢ Cost assessment | |
DOLPHIN 100 kW stack
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Structure of the project o .

(@) )
UoM CEA
Ty Ty
=
O TP1
=
=
O
Ll 1
3 =
=
o Z
= 5
= m
= WP4 - PERFORMANCE ASSESSMENT AT SINGLE CELL LEVEL E
L
=
A 5
D 1.00
1 o Post break-in 80°C - 1.5 bar abs.
E - RH 80/80 = H2/air 35/95 Ni/h
= | WP5 - PERFORMANCE & DURABILITY ASSESSMENT AT STACK LEVEL

Management, dissemination & exploitation

Modelingand protocols

. Development & manufacturing
Assembling and tests

DOLPHIN Project: 1st public workshop (cell and

Overview of DOLPHIN manufacturing technologies) - virtual — 18/06/2021
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The DOLPHIN project has received funding from the Fuel Cells and Hydrogen 2 Joint
Undertaking under grant agreement No. 826204. This Joint Undertaking receives support
from the European Union’s Horizon 2020 Research and Innovation programme, Hydrogen

Europe and Hydrogen Europe Research.
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