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Green Hydrogen: A Zero-Emission Energy Vector 

• Produced by electrolysis using water and renewable electricity (no CO2 emissions)

• Can be transported, stored, and used on demand

• Used as a zero-emission fuel in transportation or as chemical feedstock for industry
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Key numbers

Start Nov 2023

End Oct 2026

Total budget € 2 940 602

Coordinated by SINTEF

patrick.fortin@sintef.no

Unlocking the Full Potential of Electrolysis 
with Next-Generation Proton Exchange 
Membrane Stacks (UNICORN)
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This work was carried out in the UNICORN project through the Clean Energy Transition Partnership, co-funded by the European 
Commission under grant agreement No. 101069750. Part of the work presented here was carried out at the Norwegian Fuel 
Cell and Hydrogen Centre, funded by the Research Council of Norway under grant no. 245678/F50.

Main objectives:
1) Reduce capital cost

2) Increase performance

3) Increase sustainability

4) Maintain durability targets



Reducing the Cost of PEMWE

• Bipolar plates made from Pt-coated titanium account for roughly half of the stack cost
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IRENA (2020), Green Hydrogen Cost Reduction: Scaling up Electrolysers to Meet the 1.5⁰C Climate Goal, International Renewable Energy Agency, Abu Dhabi. 

Can we use alternative, low-cost materials to produce bipolar 
plates with the same performance and durability?



Carbon-Coated Stainless Steel Bipolar Plates
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• UNICORN components exhibit 
similar performance to SoA
Pt/Ti components

• C-coating survives
beginning of life 
characterization

• Alleima produces commercial 
scale C-coated SS316L via 
continuous PVD

• Interfacial contact resistance
< 10 mΩ·cm2

Pt/Ti PTL + Pt/Ti FF

Alleima PTL + C-coated SS FF



Project Targets – Capital Expenditure
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700 €/kW

700 €/kW1160 €/kW 860 €/kW

• Project targets from CHJU SRIA1

– 2030 PEMWE KPIs

• Total system CAPEX

• CHJU targets do not include 
EPC costs

• Preliminary techno-economic 
analysis shows stack costs can 
be reduced by 50% with 
UNICORN components

1 Clean Hydrogen Joint Undertaking, Strategic Research and Innovation Agenda 2021 – 2027. Annex to GB decision no. CleanHydrogen-GB-2022-02.

SoA 2030 KPIUNICORN



Vapour-Fed Anode Operation
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Conventional PEMWE Hystar PEMWE

• Replace water feed at anode with humidified air
– Alleviates hydrogen crossover concerns

• Water supplied to the cathode side

• Allows the use of thin membranes (18 µm vs. 127 µm)
– Significantly reduced Ohmic resistance

– Increased performance and electrical efficiency



Project Targets – Current Density
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3.25 A/cm2

3.25 A/cm22.25 A/cm2 3.5 A/cm2

• Project targets from CHJU SRIA1

– 2030 PEMWE KPIs

• Current density at nominal 
operating conditions

• 3.5 A/cm2 @ < 1.8 V

1 Clean Hydrogen Joint Undertaking, Strategic Research and Innovation Agenda 2021 – 2027. Annex to GB decision no. CleanHydrogen-GB-2022-02.

SoA 2030 KPI UNICORN



Project Targets – PGM Loading
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0.3 mg/W

0.25 mg/W1.25 mg/W

• Project targets from CHJU SRIA1

– 2030 PEMWE KPIs

• 2.0 mgIr/cm2 anode loading

• 0.8 mgPt/cm2 cathode loading

1 Clean Hydrogen Joint Undertaking, Strategic Research and Innovation Agenda 2021 – 2027. Annex to GB decision no. CleanHydrogen-GB-2022-02.

0.43 mg/W

SoA 2030 KPIUNICORN



Project Targets – Degradation
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0.135 %/1000 h

0.12 %/1000 h0.15 %/1000 h

• UNICORN components demonstrated for 500 hours of operation

• 80 °C and 3.5 A/cm2

• Degradation is overestimated at beginning of life

0.43 %/1000 h

SoA 2030 KPIUNICORN



Project Targets – Degradation
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0.135 %/1000 h

0.12 %/1000 h0.15 %/1000 h

• Initial degradation rate is always high

• Very little degradation observed 
between day 15 to day 20

• Electrolyser manufacturers often 
exclude the first 500 – 1000 hours of 
performance data

• This is considered the “break-in” 
period

0.43 %/1000 h

SoA 2030 KPIUNICORN



Summary and Outlook
• Carbon-coated stainless steel bipolar plates may be a viable alternative to Pt-coated titanium

• Vapour-fed anode operation provides significantly increased performance and efficiency

• Replace PFAS-based membrane with a hydrocarbon membrane

• Reduce Ir loading at anode by 50%

• Demonstrate long-term durability of the UNICORN stack
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patrick.fortin@sintef.no

Thank you for your
attention!

www.cetp-unicorn.eu



Tailoring PTL Properties for Ionic Decoupling
Commercial 

PTL

avol, PTL = 6.8×104 m-1

τl, PTL = 1.7

εPTL = 34 %

TS Ti powder coating      

avol, PTL = 8.1×104 m-1

τl, PTL = 8.5

εPTL = 12.8 %

316L Dutch weave

avol, PTL = (4.6±0.9)×104 m-1

τl, PTL = 1.2

εPTL = (35±0.2) %

Alleima

PTL

Low tortuosity

+
High porosity

=

Low ionic
decoupling

High tortuosity + low porosity

=

High ionic decoupling

Thermally-sprayed
Ti powder coating

316L Dutch weave 

40 nm C coating

20 nm Pt coating
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