
The journey so far…



Research Challenges in Hydrogen and Alternative Liquid Fuels

Tackle research challenges that underpin production, storage, 

distribution and end-use, including:

• Lowering costs

• Increasing efficiencies

• Materials science and engineering

• Hydrogen safety

Systems Integration of Hydrogen and Alternative Liquid Fuels

• Integration within the whole energy system that includes:

• Whole systems integration across technologies

• Trade-off analysis across technology options

• Technology coupling requirements

• Whole systems
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Hydrogen Research Coordinator:
Research Challenges in Hydrogen & Alternative Liquid Fuels

VISION     An inclusive, inter-disciplinary community to co-create a plan to 

tackle the research challenges in hydrogen & alternative liquid fuels for Net 

Zero. This will lay the foundation of a UK Centre of Research Excellence in 

Hydrogen & Alternative Liquid Fuels

Identification & 
prioritisation of 

research challenges

A uniquely connected & 
informed H&ALF 

research community

https://ukhyres.co.uk

@UkHyres



Theory of Change Implemented through accessible, facilitated workshops with direction from special advisers

Why?

Strategic Drivers

What?

Challenges & 
Barriers

How?

Opportunities for 
Research

How?

Outputs

What?

Change 
(Outcomes)

Why?

Impact (Difference 
& Added Value)

May:

ONLINE LAUNCH

June and July:

ONLINE WORKSHOP 1 – Hydrogen production

ONLINE WORKSHOP 2 – Hydrogen storage / distribution

ONLINE WORKSHOP 3 – Hydrogen end use

ONLINE WORKSHOP 4 – Alternative carriers

Autumn:

IN PERSON SHOWCASE – Reflections and plans

ONLINE 21st October 

Prof Paul Monks

CSA, BEIS



Extension

• Phase 2 co-ordination from 1 October 2022 to 31 April 2023

• Continue 1-2-1 interviews with thought leaders in H&ALFs

• Strong engagement with Systems Co-ordinator

• Further analysis / synthesis of all engagement outcomes

• Re-arrange in-person Showcase to 21 October 2022

• Respond to Hub call by 2 November 2022

• Continue to develop projects that will sit in Hub



Derek Craig

UKRI Director of Cross Cutting Council Programmes



Vision for the Hub



Hub Call



Hub Summary

• Five years from 1 April 2023 (at earliest) with review points

• £12.5M Full Economic Cost / £10.0M EPSRC (@ 80 % FEC)

• At least £3.0 M leveraged funding by Hub start

• At least a further £7.0M leveraged funding during Hub

• Costs: Hub Operations + Themes + Projects

 £425k FEC per 3 y project for up to 10-15 projects initially

• Four TECHNICAL Themes: Production, Storage, End Use , ALFs

• Four CROSS-CUTTING Themes: Economic, Environmental, Social, Safety



Production

S
to

ra
g

e
 &

 

D
is

tr
ib

u
ti

o
n

End Use

ALFs

Projects
Cross-cutting 

Themes

Technical 

Themes

Economic

E
n

v
ir

o
n

m
e

n
ta

l

Social

Safety

HUB

STRUCTURE



Production

S
to

ra
g

e
 &

 

D
is

tr
ib

u
ti

o
n

End Use

ALFs

Projects
Cross-cutting 

Themes

Technical 

Themes

Economic

E
n

v
ir

o
n

m
e

n
ta

l

Social

Safety

John Irvine

Tim Mays

Qiong Cai

Shanwen Tao Joan Cordiner

Chris Jones

Rachael Rothman

Paul Dodds



Production

S
to

ra
g

e
 &

 

D
is

tr
ib

u
ti

o
n

End Use

ALFs

Projects
Cross-cutting 

Themes

Technical 

Themes

Economic

E
n

v
ir

o
n

m
e

n
ta

l

Social

Safety

Alternative 

catalysts to Iridium



Production

S
to

ra
g

e
 &

 

D
is

tr
ib

u
ti

o
n

End Use

ALFs

Projects
Cross-cutting 

Themes

Technical 

Themes

Economic

E
n

v
ir

o
n

m
e

n
ta

l

Social

Safety

Materials for 

Cryogenic Storage

Public perception 

and acceptance of 

H2 as jet fuel

Hydrogen for Aviation



Why?

Strategic Drivers

What?

Challenges & 
Barriers

How?

Opportunities for 
Research

How?

Outputs

What?

Change 
(Outcomes)

Why?

Impact (Difference 
& Added Value)

Our Job Today…

What projects should we be doing that will make the biggest step change 

and why?



Hydrogen Production





Challenges Potential project areas

1. Alternative catalysts to Iridium Alternative oxygen evolution reaction catalysts to Iridium.

2. Anionic exchange membranes Develop step-change anionic exchange membrane.

3. Solid oxide electrolyser development 

Oxygen electrode spalling, hydrogen electrode Ni migration, improving 

durability and reducing manufacture cost of solid oxide electrolyser 

technology.

4. Seawater electrolysis research Fundamental research on seawater electrolysis.

5. Bio-based routes Bio-based routes to hydrogen production.

6. Solar and Nuclear hydrogen production
Using solar or nuclear energy as the energy source for hydrogen 

production.

Production



Hydrogen Storage & Distribution





Challenges Potential project areas

7. Cryogenic material behavior
Material behavior under cryogenic/ambient cycling. Including material 

embrittlement models and experiments. 

8. Permeation barrier development Develop novel non-metallic barriers to permeation.

9. Thermal energy recovery 
Thermal energy recovery from compression and liquefaction and 

improvement of compressor technology.

10. Solid state storage New solid state materials and scale-up of existing solid state storage.

Cross-cutting

11. H2 sensor development 
Development of novel H2 sensors, e.g. low-cost, in-line, real time & 

cryo-compatible.

12. Storage vessel leakage and failure
Modelling leakage and failure mechanics of storage vessels, including 

O2/N2 condensation.

Storage & Distribution



Alternative Liquid Fuels





Challenges Potential project areas

13. Catalysts for ammonia cracking Catalyst development for NH3 -> H2 cracking.

14. Electrolysis of ammonia for hydrogen 

production
Electro-catalysts for electrolysis of ammonia for hydrogen production

15. Ammonia release safety 
Ammonia release safety modelling, including cryogenic ammonia 

release on water. 

16. Reducing NOx emissions Modelling the combustion conditions for reduced NOx emissions.

17. Electrochemical synthesis of green 

ALFs

Efficient catalysts for electrochemical synthesis of ammonia and other 

ALFs.

18. Catalysts for green ammonia synthesis
Catalysts for green ammonia synthesis by conventional Haber-Bosch 

process. 

Ammonia and Alternative Liquid Fuels



Hydrogen End Use





Challenges Potential project areas

19. Reduction of iron oxide to steel with H2 Direct reduction of iron oxide to steel with H2.

20. Redesign of cement kilns Redesign of cement kilns to reduce CO2 emissions.

21. Burner improvement to reduce NOx Improve H2 and NH3 burners to reduce NOx emissions.

22. Catalysts for hydrogen and ammonia 

combustion to reduce NOx

Develop suitable catalysts which can improve combustion of hydrogen 

and ammonia with reduced NOx emission

Cross-cutting

23. H2 as a GHG modelling Modelling to understand the effects of H2 as a green house gas.

24. Point-of-use purification Develop point-of-use purification.

End Use



https://ukhyres.co.uk


