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/IEU HYDROGEN

RESEARCH DAV Project Overview

15-16 NOVEMBER

Call year: 2020

= Call topic: FCH-04-3-2020 — Development of eco-design guidelines for FCH products
= Project dates: 15t Jan 2021 — 315t May 2024

= % stage of implementation 01/11/2023: 85 %

= Total project budget: 1,133,541.25 €

= (Clean Hydrogen Partnership max. contribution: 998,991.25 €

= Other financial contribution: 134,550.00 €

= Partners: CEA, UL, FHa, SYMBIO France, |AE, IME
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/IEU HYDROGEN

RESEARCHDAVS Project Summary

15 '1 6 N DV E M B E p :;Z:?:::::;T:::;;rp *  HyTechCycling, BEST4Hy and SH2E findings

*  Circular economy (CE) & DfX techniques “ * Reference practicss from ather sectors

PROD D O

= First milestone in the eco-design of FCH products. PEVIC STACK SOEC STACK

= To provide robust eco-design guidelines for FCH
products at different levels of development.

» Towards sustainable-by-design FCH products.

= Specific guidelines for two different products:
PEMFC stack and SOE stack.

NEW PRODUCT SPECIFICATION

https://www.youtube.com/watch?v=3AmJgz|HVkO

SPECIFIC ECO-DESIGN GUIDELINES

eGHOST WHITE BOOK
ECO-DESIGN GUIDELINES FOR FCH PRODUCTS

European

© eGHOST project, 2022
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https://www.youtube.com/watch?v=3AmJgzlHVk0
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RESEARCH DAYS
15-16 NOVEMBER

) Achievement to-date

= Base case
» Product concepts:

AIﬂ Realistic product concept

|‘ Optlimistic product concept

@ Disruptive product concept

0 docs

25% 50%

1.7 use cther proton exchange materials
1.8 wse of recyched ionomer
2.3 reduce membrane thickness

2.9 use of altemative comenercial membranes

1.9 use of altarnatve composite materials

Guidelines for SbD PEMFC stacks

1 doc

) 4

75%

2.3 reduce thickness (weight) z 7 design innovative cooling systems

1.1 4 1.5 use recycied platinum
1.2 use low or RES platinum

1.6 use non-Pt catalyst

2.1 reducs catalyst loading

2.2 optimize triple phase boundary
2.3 reduce GDL thickness

6.3 alternative catalyst support

3 9 low actration stack by opu‘nmnq BoP

3.6 optimize upstream manufacturing

1.3 keep (promote) the use of aluminium housing

l 5.6 optimize Now fiekl

3.1 fow impact costing
ammr\nq 7

3.6 optmize upstream m.
l A refurbishing (reusng) the end plates, bipolar plates, tie rods

2.4 reduce number of components by smart merging
2.8 optimise powar density
3 2 use of RES in production

¥
3 ‘ recuce n).n-on rate

3.5 waste minimizstion and management

3.7 improve modularky

6.2 reGuce NRIOGEN Crossover

7.1 Improve recychng of valuable matertals (Pt lonomer, Au coating, etc.)

‘ Membrane ‘ Alucore
‘ Electrode . Fuel cell

1.4 reuse the housing
3.7 improve modularity

3.8 minimeze distance between and system

4.1 & 4.2 minimize & use reusabie low-impact wooden packaging

4.3 844 8 4.5 optimize packaging, storage and ransport GELKs (ensure sustainable logstics)
5.2 supply the FC with green hydrogen

5.3 ese stack dsmanting and replacement within the system

5.5 develop refurbishing technologies for reuse of FC systems

7.2 establish secondary raw material market spedfic for FOH systems

7.3 create industrialized processes and recychng centres for FCH systems

‘ MEA [Mambrane Eectrode Assembly) ‘ Balance-of-Plant

0 Graphite plate

. Power conversion

e

5.1 optimize energy management
6.1 optimize battery-stack hybridization strategy

. Fuel cell stack . Finished module

A,g_\
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RESEARCH DAYS
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) Achievement to-date 0 docs

= Base case
= Realistic product concept
= Optimistic product concept

Clean Hydrogen

Partnership

1.1 Different steel alloys

1.3 Different doping strategy for the catalysts
2.1 Optimize the endplates/frames/meshes
2.2 Change/optimize the cell shape and size
2.5 Utilize a different electrolyte

25%

50%

2.3 Change the stack type (electrolyte/cathode supported)

2.4 Reduce material losses

3.1 Use less or cleaner energy

3.4 Use of additive manufacturing

3.5 Improve the recycling rate of materials

4.1 Keep the current packaging

6.1 Have harmonized standards to measure stack degradation
6.4 Improve stack modularity

7.1 Reuse some components after eventual remanufacturing

3.2 Reduce the amount of

T2 key

1.2 Use recycled steel

4.2 Optimize logistics

4.3 Clean way of transportation

4.4 Vertical integration

5.2 Optimize the BoP

5.7 Change from sweep gas to pure oxygen
6.3 Operate the system at lower temperatures
6.5 Redesign the BoP

Guidelines for SbD SOE stacks

75%

5.1 Supply the system with green electricity
5.3 Produce low-impact steam

5.4 Use steam from steam networks

5.5 Use water recirculation

5.6 Reduce the operating temperature

6.2 Create
to start/operate the system

Cell
0.125 kW

Stack

X 3.7 kW

x 60

Module
225 kW

@ NMembrane electrode assembly

° Glass sealing

© Nickel foam

o Sheet metal cassette
° Cathode contact

European

Hydroge

@ End plates
© cells

© stack tensioning

L [
=g

Week

o Stack unit
° Gas processing unit (GPU)
e Supply and discharge unit (SDU)

Co-funded by

System
2.7 MW

C o

0 Block (= 4 modules)
° Fluid interface unit (FIU)
© Power electronics

the European Union
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o TRE Guidelines for SbD SOE stacks

15-16 NOVEMBER

pg chievementto-date JEERE o

25% 50% 75%
100% O

O
= Base case 3
i
= Realistic product concept 8 sm
0
u Opt] mistic prOd uct Concept 0
T 40%
o
0
3
£ 40% lonising radiation 36% -
Material resources 29% ¢
20% Eutrophication, terrestrial 19% ¢
lonising radiation 4% i
0%
S-BC S$-PC1 S-PC2
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Guidelines for SbD SOE stacks

RESEARCH DAYS
15-16 NOVEMBER

pg chievementto-date JEERE o

= Base case

= Realistic product concept UL
------- 10 O
= Optimistic product concept I s 2
.—1.00 0
@ 1.500 € 1.411.55€
= .
o]
(8]
1,000 € 829.61€
o £98.79 €
®
500 €
0€
5-BC 3-PCI1 3-PC2

=y Clean Hydrogen
Partnershlp
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25%

BoM [€/stack]

50%

75%

Manufacturing [€/stack]

mmmm e CC (Externalities) [€/stack] @  Total [€/stack]

--+#-- Factor-X
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o TRE Guidelines for SbD SOE stacks

15-16 NOVEMBER

0) 0) (0)
25% 50% 75%

&

2 100% .
= Base case o
= Realistic product concept 3  80%

0
= Optimistic product concept 0

T 0%

o

§ A0% Forced labour 37%

= _

Child labour 33% Forced labour 22%
20%
child labour 14%
0%
3-PC1 5-PC2
(s O
Europeat‘i‘:“” :1’1_,12:‘ “ Co-funded by
Hydrogen - the European Union
Week




/IEU HYDROGEN

RESEARCHDAVS Ecodesign Directive context

15-16 NOVEMBER

pd Achievementto-date IECEESINN  EEE
0) 0) 0)
25% 50% 75%
900
= Reference documentation for a o
—_ 760.8
preparatory study according to the £ -
Ecodesign Directive 5 600 ans ]
2 -56.2 ]
- o -384 114
= PEMFC stack case study 5

'l:-’- 300

:- 200

:
100
0

BC PC1 PC2 PC3 PC4
: ',u _"':, ’Zr‘ @O
B e 26
European = [ %) Co-funded by
Hydrogen - the European Union
Week




/IEU HYDROGEN

RESEARCHDAVS Ecodesign Directive context

15-16 NOVEMBER

25% 50% 75%
1400
» Reference documentation for a 12024
preparatory study according to the _ -
. N N 3 1000 -165.8
Ecodesign Directive 2
& 800
G -310.7 -04 02
= PEMFC stack case study g oo
g 400
200
0
BC PC1 PC2 PC3 PC4
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RESEARCH DAYS
15-16 NOVEMBER

) Achievement to-date 0 docs

» Reference documentation for a
preparatory study according to the
Ecodesign Directive

= PEMFC stack case study

i Clean Hydrogen

Partnershlp

Ecodesign Directive context

25% 50% 75%
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/IEU HYDROGEN

RESEARCHDAVS Ecodesign Directive context

15-16 NOVEMBER

bg Achievementio-date KRR _gEE

25% 50% 75%

» Reference documentation for a tra'j;irt

preparatory study according to the
Ecodesign Directive

7 4

—— 1
; \.

Ecodesign Directive

Competitive Fuel Cells
" m and Hydrogen (FCH)

1

technologies for alternative
transportation

Energy transition

= PEMFC stack case study

EcoReport update required
to make it an efficient tool to
achieve sustainable-by-
design FCH technologies

Adjusted
EcoReport

" O

hittps://doi.org/10.1039/D2SE01486E
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https://doi.org/10.1039/D2SE01486F

=D i) Risks, Challenges and Lessons

RESEARCH DAYS

15-16 NOVEMBER

= Risks and challenges:
o Involvement of key actors when generating ideas
for product concepts
o Widespread use - upcoming dissemination events
(EHEC2024, URJC Summer School, etc.)

= Next steps:
o Final SbD guidelines for PEMFC stack
o Final SbD guidelines for SOE stack
o Final general SbD guidelines for FCH products

Clean Hydrogen

/7/79
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the European Union
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=D @ Exploitation Plan/Expected Impact

RESEARCH DAYS

15-16 NOVEMBER

Exploitation Impact
* Supporting use as reference « Sustainable energy solutions through increased circularity
documentation  for  subsequent and eco-efficiency, and reduced material criticality

protocols and/or standards
« Supporting decision-making processes when it comes to
* Exploitation plan (May 2024) designing and providing FCH products that reliably qualify
as sustainable energy solutions
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