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ECO-DESIGN GUIDELINES DEFINITION METHODOLOGY
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LCSA OF THE CASE-STUDY

• PEMFC case-study definition

• SOEC case-study definition
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LCSA PEMFC 
case-study

• PEMFC case-study E-LCA results

• PEMFC case-study LCC results

• PEMFC case-study S-LCA results
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LIFE CYCLE SUSTAINABILITY ASSESSMENT

• E-LCA

• Scope: Manufacturing and EoL phase

• Functional unit: one 48 kWel PEMFC stack without BoM

• LCI provided by industry partner SYMBIO France

• LCIA: Environmental Footprint 3.1 (EF3.1)

• LCC

• Scope: Manufacturing phase

• 4 production rates (100, 1000, 10,000 and 50,000 stacks per year)

• Same inventory as for E-LCA

• S-LCA

• Scope: Manufacturing phase

• Same inventory as for E-LCA and LCC

• Economic data related to the production rate 10,000 stacks per year

• PSILCA database used
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PEMFC CASE-STUDY DEFINITION – INVENTORIES

• Manufacturing phase provided by industry partner 
SYMBIO France

• EoL treatment defined based on current state
processes of EoL technologies
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PEMFC CASE-STUDY DEFINITION – E-LCA RESULTS

• Platinum is the main
environmental hotspot (6 
out of 7 indicators)

• Carbon support have
negligable environmeltal
impact

• The total mass share of
platinum in the PEMFC is 
only 0.1%

• The production processes
(electricity (EU mix) and
water consumption) is the
second highest contributor
to the climate change, 
marine eutrophication
and terrestrial
eutrophication

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Acidification [Mole
of H+ eq.]

Climate Change [kg
CO2 eq.]

Eutrophication,
freshwater [kg P

eq.]

Eutrophication,
marine [kg N eq.]

Eutrophication,
terrestrial [Mole of

N eq.]

Resource use,
fossils [MJ]

Resource use,
mineral and metals

[kg Sb eq.]

Pt/C Ionomer GDL Gaskets BPP Endplates Metal components Production processes EoL Treatment



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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

PEMFC CASE-STUDY DEFINITION – LCC RESULTS

• Production rate highly influence 
the cost of the PEMFC stack

• Higher production rate reduce
cost of PEMFC stack for up to 93%

• Cost of materials more influential
with higher production rates

• At low production rates, the
manufacturing processes
significantly contribute to total 
cost (56% for 100 stacks/year and
43% for 1000 stacks/year)
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PEMFC CASE-STUDY DEFINITION – LCC RESULTS

• Contribution of costs of materials

• Ionomer, Gas Difussion Layer (GDL) 
and Platinum have the highest
cost

• With higher production rates the
cost of ionomer and GDL reduces
significantly (92% and 96%), while
the cost of platinum reduces only
for 34%

• Platinum becomes the costly
material in the PEMFC stack with
production rate of 10,000
stacks/year

• All costs depend on the market, 
meaning they change without
good prediction all the time, 
especially platinum
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PEMFC CASE-STUDY DEFINITION – S-LCA RESULTS

• Once again is platinum (from South Africa) 
the main hotspot, especially for child labour

• GDL production contributes the most to the
only possitive indicator – contribution to 
economic development

• Significant impact have also endplates & 
BPP (both of them are produced in Europe) 
especially for fair salary and forced labour

• Fair salary has the highest potential risk
between evaluated social indicators
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• SOEC case-study E-LCA results

• SOEC case-study LCC results

• SOEC case-study S-LCA results

LCSA SOEC
case-study
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SOEC CASE-STUDY DEFINITION

• Prospective E-LCA

• Scope: Manufacturing and EoL phase

• For case-study screening only manufacturing phase is 
considered

• Functional unit: one 5 kWel SOEC stack without BoM

• LCI based on literature data and partners expertise

• LCIA: Environmental Footprint 3.1 (EF3.1)

• LCC

• Scope: Manufacturing phase

• 1 production rate – 10,000 stacks per year

• Same inventory as for E-LCA

• S-LCA

• Scope: Manufacturing phase

• Same inventory as for E-LCA and LCC

• PSILCA database used
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SOEC CASE-STUDY DEFINITION – E-LCA RESULTS

• The main hotspot is stainless steel (6 out 
of 7 indicators)

• Stainless steel has also the highest mass
rate within the SOEC stack

• Nickel oxide contributes the most to the
acidification (60%)

• Significant impact has also electricity
used in manufacturing process

• Prospective 2030 electricity mix for Spain
is used (81% RES)
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SOEC CASE-STUDY DEFINITION – LCC RESULTS

• SOEC stack strongly dependent
on the production scale (from
14k€ at lab scale to the 940€ at 
industrial scale)

• The share of cost of materials
increases with higher production
rate (from 9% to 56%)

• At the production rate 10,000 
stack per year materials represent
52% of the cost

0

2000

4000

6000

8000

10000

12000

14000

100 1000 10000 50000

€
/s
ta
ck

Production rate

Conditioning Interconnect & assembly Cells BoM



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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

SOEC CASE-STUDY DEFINITION – LCC RESULTS

• Contribution of costs of materials

• The shares of materials stays the
same with production rate
increase:

• Endplates: 23%

• Sealant: 0,2%

• Interconnects: 72%

• Cells: 5%

• Interconnects and endplates
(stainless steel) have also the
highest mass rate in the SOEC 
stack

• With higher production rate the
cost of materials lowers for 62%
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SOEC CASE-STUDY DEFINITION – S-LCA RESULTS

• Once again is stainless steel the main
hotspot

• Contribution more even than in PEMFC

• Significant impacts have also: Ni-based
catalyst, Lanthanum oxide, SOEC stack, and
Cermet preparations

• Absolute values of impact lower than in 
PEMFC, again is the fair salary the most 
critical
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ECO-DESIGN ACTIONS & 
PRODUCT CONCEPTS

• PEMFC eco-design actions & product concepts

• SOEC eco-design actions & product concepts
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ECO-DESIGN ACTIONS

• Anticipate and minimise negative 
environmental impacts without
compromising the quality and
functionality of the product

• 2 brainstorming sessions for each
technology

• Ideas based on LCSA of the study-case
and aligned with eco-design wheel

• The defined actions are divided into:

• Short-term actions (within 3 years)

• Medium term-actions (3-10 years)

• Long-term actions (>10 years)
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PEMFC
eco-design 
actions & 
product

concepts
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ECO-DESIGN ACTIONS – PEMFC

• Short-term actions
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ECO-DESIGN ACTIONS – PEMFC

• Medium-to-long-term 
actions



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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

ECO-DESIGN PRODUCT CONCEPTS – PEMFC

• Based on the eco-design actions four product concepts were defined

• Realistic short-term concept

• Realistic medium-to-long-term concept

• Optimistic concept

• Disruptive concept

• Realistic short-term concept: based just on short-term actions that will be realized and implemented in 
the FC industry in the near future

• Realistic medium-to-long-term concept: based on short-term actions and additionally including some 
medium-to-long-term actions

• Optimistic concept is the concept already under implementation by some top-end technological 
companies and/or developed at the laboratory scale

• Disruptive concept includes relevant above-mentioned actions plus others that are still under 
development or in the early research or even conceptual phase
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REALISTIC SHORT-TERM PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A2.1 – Reduction of platinum loading

• A2.2 – Optimised triple phase boundary

• A2.3 – Mass reduction of GDL, BPP, and
ionomer
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REALISTIC SHORT-TERM PRODUCT CONCEPT – MANUFACTURING PHASE 

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A2.1 – Reduction of platinum loading

• A2.2 – Optimised triple phase boundary

• A2.3 – Mass reduction of GDL, BPP, and ionomer
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REALISTIC SHORT-TERM PRODUCT CONCEPT – EoL PHASE 

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)



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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

REALISTIC MEDIUM-TO-LONG-TERM PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A2.1 – Reduction of platinum loading

• A2.2 – Optimised triple phase
boundary

• A2.3 – Mass reduction of GDL, BPP, 
and ionomer

• A5 – Refurbishment of BPP
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REALISTIC MEDIUM-TO-LONG-TERM PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A2.1 – Reduction of platinum loading

• A2.2 – Optimised triple phase boundary

• A2.3 – Mass reduction of GDL, BPP, and
ionomer

• A5 – Refurbishment of BPP



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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

REALISTIC MEDIUM-TO-LONG-TERM PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A5 – Refurbishment of BPP
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OPTIMISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A2.1 – Reduction of platinum loading

• A2.2 – Optimised triple phase
boundary

• A2.3 – Mass reduction of GDL, BPP, 
and ionomer

• A5 – Refurbishment of BPP

• A7 – Closed-loop ionomer recycling
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OPTIMISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing
(GRTP)

• A2.1 – Reduction of platinum
loading

• A2.2 – Optimised triple phase
boundary

• A2.3 – Mass reduction of GDL, BPP, 
and ionomer

• A5 – Refurbishment of BPP

• A7 – Closed-loop ionomer
recycling
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OPTIMISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A5 – Refurbishment of BPP

• A7 – Closed-loop ionomer recycling
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DISRUPTIVE PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A2.1 – Reduction of platinum loading

• A2.2 – Optimised triple phase
boundary

• A2.3 – Mass reduction of GDL, BPP, 
and ionomer

• A5 – Refurbishment of BPP

• A7 – Closed-loop ionomer and copper
recycling
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DISRUPTIVE PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing
(GRTP)

• A2.1 – Reduction of platinum
loading

• A2.2 – Optimised triple phase
boundary

• A2.3 – Mass reduction of GDL, 
BPP, and ionomer

• A5 – Refurbishment of BPP

• A7 – Closed-loop ionomer and
copper recycling
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DISRUPTIVE PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Use of recycled platinum

• A1.4 – Reuse of stack housing (GRTP)

• A5 – Refurbishment of BPP

• A7 – Closed-loop ionomer and copper
recycling
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SOEC
eco-design 

actions
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ECO-DESIGN ACTIONS – SOEC

• Medium-term actions
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ECO-DESIGN ACTIONS – SOEC

• Medium-to-long-term 
actions
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ECO-DESIGN PRODUCT CONCEPTS – SOEC

• Based on the eco-design actions two product concepts were defined

• Enhanced realistic concept

• Optimistic concept

• Enhanced realistic concept is based on medium-term actions that will be realized and implemented in 
the FCH industry in the near future (medium-term perspective in next 3 to 10 years)

• Optimistic concept includes all relevant above-mentioned medium-term actions with additional view 
on possible actions still under development or in the early research phase or even conceptual phase
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REALISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Reduction of virgin stainless steel

• A1.2 – Recycled stainless steel use

• A2.1 – Redesign of endplates (mass
reduction)

• A2.2 – SOEC cell shape and size
optimisation

• A2.3 – Mass reduction of nickel and REE 
materials

EoL processes:

• Open-loop recycling: stainless steel

• Landfill: all other materials
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REALISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Reduction of virgin stainless steel

• A1.2 – Recycled stainless steel use

• A2.1 – Redesign of endplates (mass reduction)

• A2.2 – SOEC cell shape and size optimisation

• A2.3 – Mass reduction of nickel and REE materials

EoL processes:

• Open-loop recycling: stainless steel

• Landfill: all other materials
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OPTIMISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Reduction of virgin stainless steel

• A1.2 – Recycled stainless steel use

• A2.1 – Redesign of endplates (mass
reduction)

• A2.2 – SOEC cell shape and size
optimisation

• A2.3 – Mass reduction of nickel and REE 
materials

• A7.2 – Recycling of SOEC anode

EoL processes:

• Closed-loop recycling: SOEC anode 
(yttria-stabilised zirconia and nickel oxide)

• Open-loop recycling: stainless steel

• Landfill: all other materials
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OPTIMISTIC PRODUCT CONCEPT

Implemented eco-design actions:

• A1.1 – Reduction of virgin stainless steel

• A1.2 – Recycled stainless steel use

• A2.1 – Redesign of endplates (mass reduction)

• A2.2 – SOEC cell shape and size optimisation

• A2.3 – Mass reduction of nickel and REE materials

• A7.2 – Recycling of SOEC anode

EoL processes:

• Closed-loop recycling: SOEC anode (yttria-
stabilised zirconia and nickel oxide)

• Open-loop recycling: stainless steel

• Landfill: all other materials
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LIFE CYCLE SUSTAINABILITY 
ASSESSMENT

• Environmetal life cycle assesment

• Life cycle costing

• Social life cycle assessment

• Prioritisation of ecodesign actions

• Extented scope with use phase



eGHOST Spring (20-24 May 2024)

• PEMFC environmental LCA

• SOEC environmental LCA

Environmental
life cycle

assessment



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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT

• Conventional E-LCA analysis for PEMFC and prospective E-LCA analysis for SOEC

• Scope: manufacturing and EoL phase

• Functional unit:

• PEMFC: one 48kWel PEMFC stack

• SOEC: one 5kWel SOEC stack

• Life cycle inventory:

• PEMFC: provided by industry partner SYMBIO France

• SOEC: literature data and partners expertise

• LCIA methodology: Environmental Footprint 3.1

• Acidification

• Climate change

• Eutropfication – freshwater, marine and terrestrial

• Resource use – fossils and minerals & metals
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – LCA model for mid/long-term concept

• Closed-loop recycling & reuse
phase:

• Seperate phase, since it can be 
included in both manufacturing
and EoL phase

• Avoided impacts

• Represent potential reductions
from open-loop recycling

• Are not included in results
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Average reductions:

• Realistic short-term concept: -37%

• Realistic 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 – TRL5)

• Climate change reductions:

• Realistic short-term concept: -31%

• Realistic mid/long-term concept: -52%

• Optimistic concept: -74%

• Disruptive concept: -85%
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification

• Climate change -31%
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification

• Climate change

• Eutrophication –
freshwater
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification

• Climate change

• Eutrophication –
freshwater

• Eutrophication – marine
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification

• Climate change

• Eutrophication –
freshwater

• Eutrophication – marine

• Eutrophication –
terrestrial
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification

• Climate change

• Eutrophication –
freshwater

• Eutrophication – marine

• Eutrophication –
terrestrial

• Resource use – fossils
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Acidification

• Climate change

• Eutrophication –
freshwater

• Eutrophication – marine

• Eutrophication –
terrestrial

• Resource use – fossils

• Resource use – minerals
& metals
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eGHOST Spring (20-24 May 2024)

ENVIRONMENTAL LIFE CYCLE ASSESSMENT – SOEC RESULTS

• Average reductions:

• Realistic concept: -70%

• Optimistic concept: -84%

• Eco-design actions have a similar effect
on most impact categories

• Climate change reductions:

• Realistic concept: -70%

• Optimistic concept: -83% 0%
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eGHOST Spring (20-24 May 2024)

• PEMFC life cycle costing

• SOEC life cycle costing

Life cycle
costing
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eGHOST Spring (20-24 May 2024)

LIFE CYCLE COSTING

• Conventional LCC analysis for PEMFC and prospective LCC analysis for SOEC

• Scope: manufacturing phase

• Life cycle costing is based on the same inventory as environmental LCA

• PEMFC: 4 production rates

• 100 stack per year

• 1000 stacks per year

• 10000 stacks per year

• 50000 stacks per year

• SOEC: 1 production rate

• 10000 stacks per year

• Levelized cost of stack production is calculated

• Eco-efficiency based on environmental LCA
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eGHOST Spring (20-24 May 2024)

LIFE CYCLE COSTING – PEMFC RESULTS

• Production rate increase (from lab to 
industrial scale) causes significant cost
reductions

• From -93% (reference case) to -96% 
(disruptive concept)

- 93%
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eGHOST Spring (20-24 May 2024)

LIFE CYCLE COSTING – PEMFC RESULTS

• Production rate increase (from lab to 
industrial scale) causes significant cost
reductions

• From -93% (reference case) to -96% 
(disruptive concept)

• Cost reduction due to the ecodesign
(at 10000 stacks/year)

• Realistic short-term concept: -28%

• Realistic mid/long-term concept: -37%

• Optimistic concept: -49%

• Disruptive concept: -52%

• All product concepts meets the
threshold of -3% LCC reduction in 
comparison to the reference case

1000 stacks/yr.

- 28%
- 37%

- 49% - 52%

10000 stacks/yr.
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eGHOST Spring (20-24 May 2024)

LIFE CYCLE COSTING – PEMFC RESULTS

• Eco-efficiency and factor X presented
for production rate 10000 stacks/year

• Eco-efficiency – ratio between the
products‘s value and the
environmental impact caused by the
product

• Externalities – costs due to the
negative environmental impacts

Base Real short Real mid/long Optimistic Disruptive

Externalities [€ / stack] 418 215 165 68 31

Relative reduction of externalities / 49% 60% 84% 93%

Eco-efficiency [1/€*kg CO2 eq/stack] 2.63E-07 5.26E-07 8.68E-07 1.97E-06 3.57E-06

Factor X - PEMFC 1.00 2.00 3.30 7.47 13.54

𝑬𝒄𝒐 − 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚𝒊,𝒋 =
ൗ1 𝐿𝐶𝐶𝑖

𝐶𝑎𝑟𝑏𝑜𝑛 𝑓𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡𝑖

𝑭𝒂𝒄𝒕𝒐𝒓 𝑿𝒊,𝒋 =
𝐸𝑐𝑜 − 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑖,𝑗

𝐸𝑐𝑜 − 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑏𝑐,𝑗

𝑖 − 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑐𝑜𝑛𝑐𝑒𝑝𝑡
𝑗 − 𝐶𝑎𝑟𝑏𝑜𝑛 𝑓𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡
𝑏𝑐 − 𝐵𝑎𝑠𝑒 𝑐𝑎𝑠𝑒
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eGHOST Spring (20-24 May 2024)

LIFE CYCLE COSTING – SOEC RESULTS

• Cost reduction

• Realistic concept: -41%

• Optimistic concept: -50%

• The cost of BoM is reduced by 76% 
and manufacturing processes by 18% 
(optimistic concept) 

• All product concepts meets the
threshold of 3% LCC reduction in
comparison to the reference case

• Externalities reduction:

• Realistic concept: -70%

• Optimistic concept: -83%



eGHOST Spring (20-24 May 2024)

• PEMFC social LCA

• SOEC social LCA

Social
life cycle

assessment
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eGHOST Spring (20-24 May 2024)

SOCIAL LIFE CYCLE ASSESSMENT

• Scope: manufacturing phase

• Social LCA is based on the same inventory as environmental LCA and LCC

• Economic data needed for calculation related to the production rate of 10000 stacks/year

• Three supply tiers were assessed

• Stack manufacturing

• Components manufacturing

• Materials extraction

• PSILCA database is used for calculation

• Assessed social impact categories:

• Forced labour

• Child labour

• Health and safety

• Fair salary

• Discrimination

• Contribution to economic development
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eGHOST Spring (20-24 May 2024)

SOCIAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Main hotspot mining of platinum in 
South Africa

• With development of product
concepts, the hotspot shifts to plate 
manufacturing in Spain

• Contribution to economical
development the only positive indicator

• Average reduction with ecodesign
concept:

• Realistic short-term concept: -47%

• Realistic mid/long-term concept: -56%

• Optimistic concept: -71%

• Disruptive concept: -77%
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eGHOST Spring (20-24 May 2024)

SOCIAL LIFE CYCLE ASSESSMENT – PEMFC RESULTS

• Main hotspot mining of platinum in 
South Africa

• With development of product
concepts, the hotspot shifts to plate 
manufacturing in Spain

• Contribution to economical
development the only positive indicator

• Average reduction with ecodesign
concept:

• Realistic short-term concept: -47%

• Realistic mid/long-term concept: -56%

• Optimistic concept: -71%

• Disruptive concept: -77%
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eGHOST Spring (20-24 May 2024)

SOCIAL LIFE CYCLE ASSESSMENT – SOEC RESULTS

• Eco-design actions have a relevant
impact on most categories of social 
impacts (as in the case of E-LCA)

• Average reductions:

• Realistic concept: -64%

• Optimistic concept: -80%

• The highest reductions in both
product concepts are achieved for
child labour indicator
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eGHOST Spring (20-24 May 2024)

Prioritisation
of

eco-design 
actions
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eGHOST Spring (20-24 May 2024)

PRIORITISATION OF ECO-DESIGN ACTIONS

• Which eco-design action contributes the
most to the environmental impact
reductions?

• Case for realistic mid/long-term concept

• Similar impacts of eco-design actions on 
all impact categories except freshwater
eutrophication

• Eco-design action 2.1 (Pt loading
reduction) contributes the most to the
environmental impacts reductions

• Significant reduction also from eco-
design action 1.1 (recycled Pt use) and
2.3 (mass reduction of BPP, GDL, and
ionomer)
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eGHOST Spring (20-24 May 2024)

PRIORITISATION OF ECO-DESIGN ACTIONS

• The order of eco-design actions
implementation do not significantly
influences the contributions of eco-
design actions

• Example for climate change indicator
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eGHOST Spring (20-24 May 2024)

PRIORITISATION OF ECO-DESIGN ACTIONS

• Extended prioritisation of eco-design action also for economic and social aspect is done for optimistic
concept

• Eco-design action with the greatest impact:

• PEMFC: Action 2.1 (reduction of Pt loading)
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eGHOST Spring (20-24 May 2024)

PRIORITISATION OF ECO-DESIGN ACTIONS

• Extended prioritisation of eco-design action also for economic and social aspect is done for optimistic
concept

• Eco-design action with the greatest impact:

• SOEC: Action 2.2 (SOEC cell shape and size optimisation)



eGHOST Spring (20-24 May 2024)

Extended
scope with
use phase
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eGHOST Spring (20-24 May 2024)

EXTENDED SCOPE WITH USE PHASE PROSPECTIVE

• Analysis for optimistic product concept
and carbon footprint

• PEMFC: Use phase contributes the most 
of GWP emissions
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eGHOST Spring (20-24 May 2024)

EXTENDED SCOPE WITH USE PHASE PROSPECTIVE

• Analysis for optimistic product concept
and carbon footprint

• PEMFC: Use phase contributes the most 
of GWP emissions

• SOEC: use phase contributes the vast 
majority of GWP emissions and costs in 
the whole life cycle of SOEC



eGHOST Spring (20-24 May 2024)

ECO-DESIGN
GUIDELINES
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eGHOST Spring (20-24 May 2024)

ECO-DESIGN GUIDELINES

• Structured in 6 different life cycle stages

• Materials selection

• Manufacturing

• Transport

• Operation

• End of Life

• Concepts development

• From generic eco-design guidelines (eco-design wheel) a technology specific guidelines are defined

• Two time frames of the eco-desing guidelines

• Medium term (3 – 10 years) - green

• Medium to long-term (> 10 years) - purple
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ECO-DESIGN GUIDELINES – PEMFC
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ECO-DESIGN GUIDELINES – SOEC
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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 

European Union’s Horizon 2020 Research and Innovation programme, Hydrogen Europe and Hydrogen Europe Research.

eGHOST Spring (20-24 May 2024)

FINAL REMARKS

• In order to define eco-design guidelines, first LCSA of the reference case has to be made

• Platinum (PEMFC) and stainless steel (SOEC) have been identified as the main hotspots

• Eco-design wheel provides generic eco-design actions which were implemented to specific hydrogen
technology

• 4 product concepts for PEMFC and 2 product concept for SOEC technology have been defined

• With eco-design actions major reductions in environmetal, social and economic impacts are achieved

• Technology specific guidelines are given to help hydrogen value chain actors to understand where
environmental, social and economic challenges might occur and to identify potential actions to 
tackle those challenges
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