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Hydrogen
A fuel for transport and industry
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Hydrogen is the only molecular zero carbon vector and sits at the 
intersection of three systems: mobility, industrial and energy
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Solution
Process intensification with electrochemical ceramic membranes

Background and techno-economics:  Malerød-Fjeld et al., Nature Energy, Thermo-electrochemical production of compressed 

hydrogen from methane with near-zero energy loss, https://www.nature.com/articles/s41560-017-0029-4
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Protonic Membrane Reformer (PMR)

7

Selective extraction of hydrogen

Inlet

CH4 + H2O

Compressed

H2

Ni/BZCY

BZCY

Ni/BZCY 100 m

BZCY CO

CH4 

H2O

H2Ni

30 m

Ni

BZCY 
electrolyte

2H+

H2

2Hads
e-

e-

Outlet

CO2 + H2O

Heat transfer 

20 m

800 °C, S/C = 2.5, 10 bar

7



Copyright of Shell Global Solutions International BV

Scaling up protonic ceramics for hydrogen production
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Modular on-site H2
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GAMER
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Game changer in high temperature steam electrolysers
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GOAL: Demonstrate high temperature (600 °C) steam electrolysis with novel tubular cells integrated in 
a 10 kW module for dry pressurized hydrogen production (30 bar)

▪ Novel electrolyser concept
▪ Mass manufacturing of cells
▪ Efficient thermal management by coupling of 

electrolyser system with 
▪ Renewable or waste heat sources
▪ Steam
▪ Renewable electricity

GAMER is a European research project co-financed by the European Union's Horizon 2020 research 
and innovation program and the Fuel Cells and Hydrogen Joint undertaking under grant 779486

Partners Country

SINTEF (coordinator) Norway

Carbon Recycling International Iceland

CSIC-ITQ Spain

Coorstek Membrane Science AS Norway

University of Oslo Norway

MC2 Ingenieria y Sistemas SL Spain

Shell Global Solutions International BV Netherlands

Advisors: YARA and Air Liquide

Methanol Plant
Refineries
Ammonia plant
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GAMER focus
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Electrodes

"Mixed proton and electron conducting
double perovskite anodes for stable and 
efficient tubular proton ceramic
electrolysers", Nature Materials (2019); 

Cell architectures

10 kW system with BoP

Efficiency & LCA

P = 30 bar

For more information about GAMER: https://www.sintef.no/projectweb/gamer/ 

"Multiscale multiphysic modelling
tools GES.VI"

https://www.sintef.no/projectweb/gamer/
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Manufacturing routes
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Electrolyser design
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From SEU to multi-SEUs in hot box

Tested at RT at 41 bar

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 

Agreement No 779486. 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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Plant so far in commissioning phase
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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 779486. 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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Balance of Plant
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Steam  generationNitrogen supply

Heat exchange

Vacuum and gas removal

Water supply

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 

Agreement No 779486. 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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Balance of Plant
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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 779486. 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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GES.VI
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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 779486. 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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Cell/stack design
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The project is supported by the Clean Hydrogen Partnership and its members 
Hydrogen Europe and Hydrogen Europe Research
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World class Innovative Novel Nanoscale optimized electrodes and 
electrolytes for Electrochemical Reactions
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Applications

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. This Joint Undertaking receives support from the European Union’s Horizon 2020 Research and Innovation 
program, Hydrogen Europe and Hydrogen Europe Research.

Air 

H2
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Applications

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Development of innovative architectures and cells

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Manufacturing line

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Versatile manufacturing

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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12 cm2 cell in pressurized alumina vessel

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Multi-scale multi-physics modelling platform

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Electrochemistry & kinetics

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Atomistic modelling

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Electrochemical modelling

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Mechanical model

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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Engineering model

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. This Joint Undertaking receives support from the European Union’s Horizon 2020 Research and Innovation 
program, Hydrogen Europe and Hydrogen Europe Research.

Adapt the tool to the program in whih the 
techno-economic model will be made
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Engineering model

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen Partnership) under Grant 
Agreement No 101007165. 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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eCOCO2 Spire project
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eCOCO2 concept
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eCOCO2 concept
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Methanation

39



Copyright of Shell Global Solutions International BV

eCOCO2 process integration
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AMAZING

Additive manufacturing for zero-emission 
innovative green chemistry
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Project structure
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The MIEC membrane
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Pt functionalization of proton conducting materials 

45



Copyright of Shell Global Solutions International BV

Process scheme for ethane dehydrogenation
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Main take aways
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1. Integrated approach shows beneficial for both industries and academia

2. Agreed definitions and scale helps to show credible outcomes

3. Various disciplines are needed for an end to end solution.

4. The electrochemical reactor is only a (minor) part of the full process

5. Don’t over optimize on materials, keep an eye on the overall process

6. Stay positive and think in solutions, not in problems!
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Questions and Answers
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