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Low temperature Water Electrolysis

Water Electrolysis: Dissociation of water molecules into hydrogen and oxygen gases
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effective Grid Balancing Applications

HORIZON 2020 PROGRAMME 
FUEL CELLS AND HYDROGEN JOINT UNDERTAKING (FCH 2 JU)

TOPIC H2020-JTI-FCH-2015-1 
Improved electrolysis for distributed hydrogen production

http://www.hpem2gas.eu

Coordinator  Antonino S. Aricò 
(CNR-ITAE)

1

http://www.hpem2gas.eu/


PROJET CONTEXT
 As more renewables are being integrated to the grid, there is a need to

develop high performance electrolysers to provide superior grid-balancing
services and to produce “green” hydrogen for fuel cell vehicles and other
applications.

 Hydrogen appears the most appropriate choice for at-scale
decarbonization of selected segments in transport, industry, and buildings.

 HPEM2GAS is addressing these aspects to contribute in making hydrogen
the future energy carrier.
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 The concept and approach were targeted to improve stack performance (180 kW; 75 
cells, 3 A cm-2 @ 1.8 V/cell), energy efficiency (82% or 48 kWh/kg H2) , stack lifetime 
(degradation rate <5 µV/h during 1000 hrs) and reduce system costs (CAPEX < € 
1,000/kW for systems of >1 MW) while meeting the technical requirements of 
electrolysers for the interaction with the grid and renewable energy sources (100% of 
nominal load per second; minimum load range 5-10%).

TRL6

SLV

CNR

ITM ITM

IRD TRL4

 Advanced BoP and safety 
integrated system Improved stack design

HPEM2GAS’s ambition: realise breakthroughs in PEM 
water electrolysis for Distributed Hydrogen Production

 Enhanced 
MEAs 

SSC Aquivion® 
membranes

 Nanostructured 
electro-catalysts 

http://hpem2gas.eu/

H2020



Extruded vs. Recast Aquivion membranes
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Efficiency: 81% at 3 A cm-2 and 75 °C

At 75 °C:
1.83 V @ 3 A/cm2

1.95 V @ 4.5 A/cm2

Efficiency 80.9% vs. 82% Target 
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Parameter HPEM2GAS  

Stack efficiency 
/ % 

81  

Current density 
A cm-2 @ 1.8 V 

3  

PGM loading 
mg/W 

0.3  

Temperature 
°C 

75  

 

Stack development and testing at ITM in HPEM2GAS



Emden’s ambition is to use 100% renewable energy (electricity and gas) by 2030.

 Stadtwerke Emden (SWE) is the local supplier for electricity water and gas.

 Two wind farms have been built in the city of Emden which provides 117% (240 
MWh/y) of the electric energy for homes

 Photovoltaic panels have been installed on a noise barrier along the motorway.
Current technical limitations of the local grid at the city of Emden are:
 Need for utilizing excess wind power in specific periods of the year;
 Need to address the congestion of transmission;
 Need to stabilize the electricity grid from frequent fluctuations;
 Need to implement storage technologies for load shifting, peak shaving and to 

enhance power quality. Predicted generated wind 
electricity for Emden region, 
Germany for a typical week in 
January 2020. 

Reproduced courtesy of the 
University of Emden. 

HS EL

HPEM2GAS: Field testing at Emden (Germany)



Planning Field testing at Emden (Germany)

http://hpem2gas.eu/



Location for the installation of the 
electrolyzer: 

 Pfälzer Straße, 26725 Emden

The pressure is reduced to 10 bar at the 
electrolysis system before the outlet  

A transformation station has been installed to 
switch from high voltage to low voltage;

The ground has been covered with foil and a 
gravel layer Gas transfer station

After the check, the hydrogen leaves the control 
station and enters the gas transfer station
Above-ground pipeline with a DN12 pipe 

H2
CH4

Hydrogen is fed into the 
natural gas grid 

Mixer has built-in 
lamellas, so the gas 

mixture flow is 
turbulent 

The gas grid is 
operated at 8.5 bar, 

the hydrogen is fed in 
with a slight 

overpressure of 
10 bar

Control station

Emden, Germany

Setting-up field testing site



Energy consumption: 54.2 kWh/kg H2 at 3 A cm-2 and 55 °C

Parameter    HPEM2GASS 
High current 

density 

HPEM2GASS 
Low current 

density 

  
 

 
 
 

System energy 
consumption 

kWh/kg H2 

54  47      

Current density  
A cm-2 @ 1.8 V 

3  1     

Temperature 54-56 °C 54-56 °C     
 

HPEM2GAS system development and field-testing in Emden (DE)

P2G



H2020 FCH JU ANIONE:  Anion Exchange Membrane Electrolysis for Renewable Hydrogen Production 

Lower membrane thickness to 
reduce ohmic drop and 

improve mechanical stability 
through the use of fibres  

reinforcement 

O2 + 
H2O

Cathode Catalyst

Diffusion Layer

Anode Catalyst

Recombination Catalyst

Diffusion Layer

H2 + 
H2O

Stack components optimization for AEM electrolysers

Cross-over management 
through recombination 

catalyst; Use of
radical scavengers

CRM-free nanostructured 
catalysts to increase intrinsic 

activity and stability, 
reducing mass transport  

Increase current density to 
reduce capital costs, allow 
compact stack design and 
efficient use of materials   

TRL 2

TRL 4

Reinforced AEM membrane
with lower thickness to
reduce ohmic drop and
improve mechanical stability

Redesign diffusion
layers to improve
gas diffusion and
overcome reversible
degradation

Membrane Filler
Anionic Membrane
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Lower membrane thickness to 
reduce ohmic drop and 

improve mechanical stability 
through the use of fibres  

reinforcement 

Flow-field free stack design
amenable to scale up;
protective coatings of steel
plates to achieve low cost and
durable stack components

https://anione.eu/

TFP

ANION EXCHANGE MEMBRANE ELECTROLYSIS (AEMWE)

Call: H2020-JTI-FCH-2019-1; Topic: FCH-02-4-2019 



https://anione.eu/Electrochimica Acta 413 (2022) 140078

ANION EXCHANGE MEMBRANE ELECTROLYSIS (AEMWE)



Comparison of  PEMWE and AEMWE performance
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HPEM2GAS: IrRuOx - E98 09S - 40% Pt/C 
(Ionomer D98 06AS 15% anode - 28% cathode)

IrRu metal loading: 0.34 mg/cm2

Pt metal loading: 0.1 mg/cm2

NEPTUNE: IrRuOx - E98 05S - 40% Pt/C
(Ionomer D98 06AS 10% anode - 23 %cathode)

IrRu metal loading: 0.34 mg/cm2

Pt metal loading: 0.1 mg/cm2

50°C
1.8 V

300 mV performance
gap between

AEM and PEM at 2 A cm-2

Performance gap 
associated to larger 

polarisation
resistance for AEM 
compared to PEM
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HPEM2GAS

NEPTUNE

ANIONE AEM-CRM free

ELECTROHYPEM: IrRuOx - E98 09S - 30% Pt/C
(Ionomer D98 06AS 20% anode - 33% cathode)

IrRu metal loading: 0.34 mg/cm2

Pt metal loading: 0.1 mg/cm2

HPEM2GAS: IrRuOx - E98 09S - 40% Pt/C 
(Ionomer D98 06AS 15% anode - 28% cathode)

IrRu metal loading: 0.34 mg/cm2

Pt metal loading: 0.1 mg/cm2

NEPTUNE: IrRuOx - E98 05S - 40% Pt/C
(Ionomer D98 06AS 10% anode - 23 %cathode)

IrRu metal loading: 0.34 mg/cm2

Pt metal loading: 0.1 mg/cm2

50°C

ANIONE AEM technology: 
 Non-PGM eletrocatalysts
 CRM-free materials, 
 Hydrocarbon membrane
 Titanium-free

PGM content in PEMWE
<0.5 mg PGM cm-2 

MEA



Advanced High Pressure and Cost-Effective 
PEM Water Electrolysis Technology

Horizon Europe

Call: HORIZON-JTI-CLEANH2-2022-1 Topic: HORIZON-JTI-CLEANH2-2022-01-03
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Thank you for your kind attention !

Institute CNR-ITAE – Messina (Italy)
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