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PROJECT SUMMARY

= To provide a well-defined, validated and practical
framework for LCSA of FCH systems.

= To facilitate robust decision-making processes in the
field of FCH by adding sustainability criteria to the
characterisation and benchmarking of FCH systems.

= Development and application of specific guidelines
for the environmental, economic and social life
cycle assessment of FCH systems, and their
consistent integration into a sound LCSA framework.
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FCH-LCSA GUIDELINES
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STRAND 3.
HARMONISED
INTEGRATION AND
DEMONSTRATION

From FCH-LCA guidelines, through FCH-LCC and SLCA
guidelines, to robust FCH-L CSA guidelines and tools

1 document of FCH-LCA guidelines
1 material criticality indicator

1 document of FCH-LCC guidelines
1 document of FCH-SLCA guidelines
1 document of FCH-LCSA guidelines
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FCH-LCSA TOOL
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FCH-LCSA TOOL

L£3 FCH-LCA tool
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FCH-LCSA TOOL
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Objectives
: E:o :a:::::::e:::::l;&p ::f‘:;:\c::\ing, FEST:HV am:'lI SH2E findings
= Circular economy (CE) & DfX techniques ‘\ practices from other sectors

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

= First preparatory study under Eco-design Directive.

= 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

SPECIFIC ECO-DESIGN GUIDELINES

eGHOST WHITE BOOK
ECO-DESIGN GUIDELINES FOR FCH PRODUCTS

© eGHOST project, 2022
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Re-design methodology

Improved producticoncepts

E. Bargiacchi et al. Life cycle sustainability assessment of eco-designed solid oxide. Il CIBIQ, Buenos Aires, 2023
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New product concepts

1.7 use cther proton exchange materials
1.8 wse of recyched ioncemer
2.3 reduce membrane thickness 1.9 use of altarnatve composite materials
29 use of ; 2.3 reduce thickness (weight) I 2.7 design innovative coeling systems

3.6 optimize upstream manufacturing 3.9 low actvation stack by optimizing BoP

1.3 keep (promate) the use of sluminium housing

1.4 reuse the housing

3.7 wmprove modularity

3.8 minimize distance between and system i ers
4.1 & 4.2 minimize & use reusadle low-impact wooden packaging

4.3 & 4.4 & 4.5 optimize packaging, storage and ransport LGSLKs (ensure sustainable legistics)
5.2 supply the FC with green hydrogen

5.3 ease stack dsmantling and replacement within the system

5.5 develop refurtishing technologies for reuse of FC systems

7.2 establish secondary raw material market specific for FOM systems
7.3 croate industrialized processes and rocycling centres for FCH systems

5.6 optimize Now fiekl

n Base Case 3.6 optimize upstream mam&nq /\\ //A\_
/
= Product concepts: — \_/ = / ( %
N -

AI’i Realistic product concept

1.4 refurbishing (reusmg) the end plates, bipclar plates, tie rods
2.4 reduce number of components by smart menging

2.8 optimise power density

3.2 use of RES in production

3.3 implemernt ready-to-recycie technologies

3.4 recuch rejection rate

1.1 & 1.5 use recycled platinum
1.2 use low or RES platinum
1.6 use non-Pt catalyst .

2.1 reduce catatyst loading ;;’ m::::'"'m'zf:;: 0 managoat
2.2 optimize triple phase boundary 6.2 reducs NIrogen Crossover

2.3 rduce GDL thickness 7.1 Improve recychng of valusble materials (Pt lonomer, Au coating, etc.)

6.3 alternative catalyst suppert
Membrane ° Alucore

Electrode ‘ Fuel cell

MEA (Membrane Eectrode Assembly) ° Balance-of-Plant

|‘ Optimistic product concept

Q Disruptive product concept

Graphite plate ‘ Power conversion

\\ e | 5.1 optimize energy management system

6.1 optimize battery-stack hybridization strategy

Fuel cell stack . Finished module S—

Original image courtesy of Advent Technologies A/S
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« Average reductions:
* Short-term concept: = 37%
+ Mid/Long-term concept: = 54%
« Optimistic concept: - 75%
« Disruptive concept: - 86%

» Freshwater eutrophication is the only
impact category where ecodesign
actions increase the environmental
impact (due to the platinum recycling
process — TRLS)

« Climate change reductions:
« Short-term concept: - 31%
* Mid/Long-term concept: - 52%
« Optimistic concept: - 74%
« Disruptive concept: - 85%

Resource use - minerals &
metals

Resource use - fossils

Eutrophication - terrestrial

Reference ---@---Real short

Acidification
120%

100%

80% Climate change
60%

Eutrophication - marine

«++@ -+ Real mid/long -:-@--Optimistic ---® --Disruptive

Gramc et al (2024) https://doi.org/10.1016/j.ijhydene.2024.08.020
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Sustainability assessment of new product concepts

G
eGHOST

* Production scale increase (from 100 to 50,000

stacks/yr.) causes significant cost reductions:

. from-93% (reference case) to -96% (disruptive
concept)

« Cost reduction due to the ecodesign (at 10,000
stacks/year):

» Short-term concept: = 28%
« Mid/Long-term concept: = 37%
« Optimistic concept: - 49%
« Disruptive concept: = 52%

LCC(Euro/Stack()
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-2 269
1,972

LLs9d)  ((i522)
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Reference Real-Short Real-MidLong  Optimistic

I Material cost
I BPP Process
Total

Production Scale 10000/yr

m Assembly Process
MEA Process

== 97% of reference product
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Disruptive
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Sustainability assessment of new product concepts

. Average reductions with ecodesign i tabonr [med risk
concept: 100%,.®.
. - C m o'..8.6% ....'.

Short-term concept: 477 Contribution of the
N ; _ o — Health expenditure 60% “*... sector to economic
MId/LOI’]g term COﬂCGpT. 56% [med risk hours] . 40% ?development [med
. Op'l'|m|s'|'|c Concepf: -71 % § ....2.0.:..-.’.' ....... ..-.......? : opportunity hours]

: De20% % i | i

» Disruptive concept: -77% ! Y 2 LA :

! e vk !

on e
Gender wage gap [medi X $ Lo _;Fair Salary [med risk

risk hours] ,: hours]

Frequency of forced
labour [med risk hours]

--®-- Reference --®-- Short-term ---®-- Long-term Optimistic <-®-- Disruptive
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Mass-based reduction (capital goods)

» Lesson 1. The push to the technical limits in the size of sub-components.

= Lesson 2. The push to technical limits at the technology level, including factors such as current density and power density.

= Lesson 3. Reduction applied to the usage of electrocatalyst materials precious versus non-precious.

» Lesson 4. Leading to increased efficiency and performance in FCH products (enhanced consumption at the operational phase).
Materials impacts and availability

» Lesson 5. Implementation of EoL strategies.

Methodological aspects

» Lesson 6. Inclusion of the social component.
» Lesson 7. (S)SbD approach.
= Lesson 8. Prospective approach.

» Lesson 9. Continuous process and collaborative efforts.
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