SH2E Spring School (20-24 May ,2024)

Welcome and introduction to the school

Javier Dufour
IMDEA Energy / Rey Juan Carlos University
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= Call year: 2020

= Call topic: FCH-04-5-2020 — Guidelines for Life Cycle Sustainability Assessment (LCSA) of fuel cell and hydrogen

systems

= Project dates: 15t Jan 2021 — 30" Jun 2024

= Total project budget: 2,142, 778.75 €

» Clean Hydrogen Partnership max. contribution: 1,997, 616.25 €

=  QOther financial contribution: 145,162.50 €

?:A'Cl ean Hydrogen This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the
Partnership European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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= 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.

https://www.youtube.com/watch?v=UWgCjLK9QHI

Environmental

Social life cycle

life cycle .
J assessment

assessment

FCH-SPECIFIC NEEDS
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= 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
» 1 integrated FCH-LCA/LCC/SLCA/LCSA software tool

L3 FCH-LCA tool m] % Le3 FCH-LCA tool [m] X
Prospectivity . System boundaries .
Prospectivity Systern boundaries
Is the technology modelled at early stage of development? Please select the system boundaries of the hydrogen system to be modelled
O Ves (O Hydregen production
O Mo (O Hydrogen use

(C) Hydrogen production and use

< Back Mext » Finish Cancel < Back Next = Finish Cancel
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» 2 FCH systems being assessed and
benchmarked from a life-cycle e
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eco-design
Guidelines for Hydrogen
Systems and Technologies

eGHOST Spring School (20-24 May 2024)

Title of the presentation
Name of the speaker (Organisation)
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eGHOST Spring School (20-24 May 2024)

Summary

= 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

= Total project budget: 1,133,541.25 €

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

=  Other financial contribution: 134 550.00 €

.A-Clean Hydrogen This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007166. This Joint Undertaking receives support from the
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eGHOST Spring School (20-24 May 2024)

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

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

= 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

© eGHOST project, 2022
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eGHOST Spring School (20-24 May 2024)

Achievements

eGHOST

Guidelines for SbD PEMFC stacks

= Base case
* Product concepts:

AII Realistic product concept

|‘ Optimistic product concept

9 Disruptive product concept

1.7 use cther proton exchange materials
1.8 wse of recyched ionomer

2.3 reduce membrane thickness

29 use o

o

1 & 1.5 use recycied platinum

2 use low or RES platinum

6 use non-Pt catalyst

1 reducs catalyst loading

2.2 optimeze triple phase boundary
2.3 recuce GDL thickness

6.3 altarnative catalyst suppeort

1.
1
14
2.

1.9 use of alternatve composite materials

2.3 reduce thickness (weight) z 7 design innovative cooling systems
3.6 optimize upstream manufacturing 3 9 low actwation stack by optimizing BoP

.3 ke (promote) the use of sluminium housing

5.6 optimize Now fiekl

3.6 optimize upstream manu'amt\nq

l)lm'mamw

. Membrane
. Electrode

1.4 refurbishing (reusmg) the end plates, bipclar plates, tie rods

2.4 reduce number of components by smart merging

2.8 optimise power density

3.2 use of RES in production

3.3 implement ready-to-recycie tachnologies

3.4 recuch rejection rate

3.5 waste minimization and management

3.7 improve modularky

6.2 reduce NIrogen rossover

7.1 Improve recychng of valusble materials (Pt lonomer, Au coating, etc.)

‘ Alucore
‘ Fuel cell

. MEA (Meambrane Eectrode Assembly) ° Balance-of-Plant

0 Graphite plate
. Fuel cell stack

‘ Power conversion
. Finished module

a.;%_

3
4 reuse the housing

.7 improve modularity
8 minimeze distance between and system ers

1
1
3
3
4.1 & 4.2 minimize & use reusadble low-impact wooden packaging

4.3 & 4.4 8 4.5 optimize packaging, storage and ransport GLKs (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 réuse of FC systems
— 7.2 establish secondary raw material market specific for FOM systems
7.3 create industrialized processes and recyclng centres for FCH systems

—_

5.1 optimize energy management system
6.1 optimize battery-stack hybridization strategy
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Achievements

eGHOST

Guidelines for SbD SOE stacks

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

3.2 Reduce the amount of chemicals/solvents

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
7.2 Recyclefrecover key materials

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

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 harmonized protocols/recommendations
to start/operate the system

= Base case
= Realistic product concept
= Optimistic product concept

Cell
0.125 kW

€ Membrane electrode assembly

o Glass sealing
e Nickel foam

o Sheet metal cassette
© Cathode contact

© celis

o Stack tensioning

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

Stack Module System

LS 3.7 kW X0 225 kW e 2.7 MW
Vv a L4

@ Endplates € Stack unit @ Block (= 4 modules)

o Fluid interface unit (FIU)

© Power electronics

Clean Hydrogen
Partnership
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eGHOST Spring School (20-24 May 2024)

Achievements
Guidelines for SbD SOE stacks
)
é 100% .
Q
o
O 80%
ke
= Base case 2
- O 40%
= Realistic product concept o
= Optimistic product concept é
£ 40% lonising radiation 36% o
Material resources 29% e
20% Eutrophication, terrestrial 19% ¢
lonising radiation 4% i
0%
$-BC $-PC1 §-PC2
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Achievements
Guidelines for SbD SOE stacks
e BoM [€/stack]  panufacturing [€/stack]
mmmm | CC (Externalities) [€/stack] @ Total [€/stack]
--#-- Factor-X
15 %
e 4 1.4 0 o
= Base case I 5 9
= Realistic product concept ¥ e °
= Optimistic product concept @ 1.500¢ 1411.55 ¢
3
Q
1,000 € 829.61 €
698.79 €
500 €
536.33 €
516.04 €
0€

s-PC1 i-PC2
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eGHOST Spring School (20-24 May 2024)

Achievements
Guidelines for SbD SOE stacks
i}
2 100% .
(8
o
8 80%
= Base case ﬁ
= Realistic product concept % 40%
= Optimistic product concept g
L9
2 40% Forced labour 37%
=
- Child labour 33% Forced labour 22%
20%
Child labour 14%
0%
S-BC s-PC1 s-PC2
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eGHOST Spring School (20-24 May 2024)

Achievements

Ecodesign Directive context

900

600 760.8

700

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

600 -1489
562
20 -384 114

400
300

= PEMFC stack case study

200

GWP per year of use [kg CO.-eq./year]

100

BC PC1 PC2 PC3 PC4
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MONDAY, 20TH OF MAY

9:00-9:30 Welcome and introduction to the school - Javier Dufour (IMDEA Energy)

Introduction to hydrogen systems - Emilio Nieto (Director of National Centre for Hydrogen

9:30-10:30 Research)

10-30-11-30 Hydrogen storage - Stefano Barberis (UNIGE)

11:30-12:00 | Coffee break

12:00-13:00 | Hydrogen use technologies (Symbio)

13:00-13:30 | Introduction to life cycle thinking - Javier Dufour (IMDEA Energy)

13:30-15:00 | Lunch break

15:00-17:30 | Visit to URJC/IMDEA Energy facilities - Félix Marin (IMDEA Energy)

Clean Hydrogen This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the
artnership European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
: The contents of this document are provided “AS IS". It reflects only the authors’ view and the JU is not responsible for any use that may be made of the information it contains.
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TUESDAY, 21ST OF MAY

9:00-10:00 | Hydrogen production technologies - Julie Mougin (CEA)

Environmental life cycle assessment of hydrogen systems SHZE LCA guidelines - Javier

10:00-11:30
Dufour and Diego Iribarren (IMDEA Energy)

11:00-11:30 | Coffee break

Environmental life cycle assessment of hydrogen systems Il. Criticality assessment of

11:30-13:30
hydrogen systems - Christina Wulf (Forschungszentrum Jiilich)

13:30-15:00 | Lunch break

SHZ2E tool for environmental life cycle and criticality assessment of hydrogen systems -

15:00-17:30 | 1 akat Hamed (GreenDelta)

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the

i Clean Hydrogen ) . .
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WEDNESDAY, 22ND OF MAY

Life cycle costing of hydrogen systems, SH2E LCC guidelines - Christina Wulf

9:00-11:00 .
(Forschungszentrum Julich)

11:00-11:30 | Coffee break

Social life cycle assessment of hydrogen systems. SH2E S-LCA guidelines - Ashrakat Hamed

11:30-13:30 | oo Delta)

13:30-15:00 |Lunch break

SH2E tool for economic and social life cycle assessment of hydrogen systems - Ashrakat Hamed

15:00-17:30 | o Delta)

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007163. This Joint Undertaking receives support from the
European Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research.
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eGHOST Spring School (20-24 May 2024)

THURSDAY, 23RD OF MAY

Life cycle sustainability assessment of hydrogen systems. SH2E LCSA guidelines - Diego Iribarren
(IMDEA Energy)

9:00-10:00

SH2E tool for life cycle sustainability assessment of hydrogen systems - Ashrakat Hamed

10:00-11:00 (GreenDelta)

11:00-11:30 | Coffee break

11:30-13:30 | Eco-design of hydrogen systems. eGHOST approach - Emmanuelle Cor (CEA)

13:30-15:00 | Lunch break

15:00-17:30 | eGHOST eco-design guidelines - Mitja Mori and Jure Gramc (University of Ljubljana)

'iean Hydrogen This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant Agreement No 101007166. This Joint Undertaking receives support from the
_:_: artnership European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.
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FRIDAY, 24TH OF MAY

Practical workshop of eco-design - Jade Garcia (Symbio) and Agata Horwacik (Fundacion

L Hidrégeno Aragon)

11:00-11:30 | Coffee break

11:30-13:00 | Hydrogen research in Europe - Luigi Crema (FBK and President of Hydrogen Europe Research)
13:00-13:30 | Conclusions and farewell - Javier Dufour (IMDEA Energy)

13:30-15:00 |Lunch

Co-funded by
the European Union
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e G H OST Javier Dufour

eco-design (IMDEA Energy / Rey Juan Carlos University
Guidelines for
Hydrogen
Systems and
Technologies

javier.dufour@imdea.org

For further information please visit:
hitps://eghost.eu
http://sh2e.eu
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