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Background

This report has been commissioned by the UK Hydrogen and Fuel Cell (H2FC) 

SUPERGEN Hub to present the key activities and achievements of the Hub in the 

period April 2012 to April 2017. The Hydrogen and Fuel Cell (H2FC) SUPERGEN 

Hub is funded by the Research Councils UK Energy Programme, as part of the 

Government’s Sustainable Power Generation and Supply initiative.

This report has been compiled from the information provided by the Principle 

Investigators of the Hub projects and through email exchanges with the people men-

tioned in the report. The quotes in this report have been obtained from either video 

recordings or email exchanges with the relevant individuals.

This report has been compiled and edited by: 

Dr. Zeynep Kurban and Dr. Marina Lomberg, Imperial College London
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INTRODUCTION

The Hydrogen and Fuel Cell (H2FC) sector is developing at a rapid pace around the 

world. In Japan, USA, Germany, South Korea, and China, where the government has 

provided incentives or entered public-private partnerships, the uptake of FC technol-

ogies has been far greater than in the UK and is expected to grow, generating billions 

of dollars every year.

In Asia, manufacturers will produce around 3,000 fuel cell cars in 2017 and around 

50,000 fuel cell combined heat and power devices.1 Toyota alone expects to build 

30,000 FC cars in 2020. Some hydrogen buses in London’s fleet have operated for 

nearly 20,000 hours since 2011 and the city of Aberdeen runs Europe’s largest 

hydrogen bus fleet, while individual stationary fuel cells have generated power for 

over 80,000 operating hours. The recently issued H2FC UK roadmap2 has identi-

fied key opportunities for the UK and areas in which H2FC technologies can have 

clear benefits.

Hydrogen and fuel cells are not synonymous; they can be deployed in combination 

or separately. Fuel cells can operate on a diverse range of fuels (including natural 

gas), which avoids combustion and thus 90% of airborne pollutants. Hydrogen can 

be burnt in engines and boilers with no direct CO2 and near-zero NOX emissions.

The advantages of hydrogen as a zero carbon energy vector at the point of use, and 

fuel cells as the highest efficiency energy conversion devices, has made research in 

this area important in the UK and globally. Hydrogen, which can be produced from 

a range of feedstocks, could enable greater energy independence. In fact, the UK 

Committee on Climate Change (CCC) concluded, in their 5th Carbon Budget technical 

report (2015), that hydrogen can potentially have a role in almost every part of the 

energy system – including peak-load electricity generation, as a transport fuel, for 

heating and in industry.3

Future systems will include the use of H2FC technologies to manage intermittency 

with increased penetration of renewables, supporting the development of secure 

and affordable energy supplies for the future. Both low carbon transport (cars, buses, 

boats/ferries) and low carbon heating/power systems employing hydrogen and/

or fuel cells have the potential to be important technologies in our future energy 

system. With the right policy support hydrogen can enable an energy revolution 

1 E4tech, The Fuel Cell Industry Review 2016, p43. London: E4tech; 2016.
2 E4tech, Element Energy. Hydrogen and Fuel Cells: Opportunities for Growth – A Roadmap for the UK. 

InnovateUK; 2016.
3 CCC. Sectoral scenarios for the fifth carbon budget –Technical report. London, Committee on Climate 

Change, 2015.
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by simultaneously decarbonising the transport, residential, commercial and 

industrial sectors.4

The broad range of H2FC technologies, applications and actors, combined with 

the international nature of this industry, means that a consolidated effort is needed 

to address the challenges facing the sector. The Hydrogen and Fuel Cells (H2FC) 

SUPERGEN Hub is funded by the Research Councils UK Energy Programme, as part 

of the Government’s Sustainable Power Generation and Supply initiative. It was cre-

ated to bring together academia and industry in this sector, with the aim of showing 

how hydrogen, and how fuel cells, can enable the transition to a low carbon economy 

in the UK and globally. In this report we provide an overview of the activities and the 

achievements of the Hub in the last five years and outline how the Hub will continue 

to support the academic community to address key challenges facing the commercial-

isation of H2FC technologies.

4 Brandon N.P., Kurban Z. 2017 Clean Energy and the Hydrogen Economy. Phil Trans R Soc A. 375, 
20160400 (doi: 10.1098/rsta.2016.0400).
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1.1 HUB’S MISSION STATEMENT

The Hydrogen and Fuel Cells (H2FC) SUPERGEN Hub seeks to address a number 

of key issues facing the hydrogen and fuel cells sector, specifically:

1. to identify, evaluate and demonstrate the role and value of hydrogen and fuel cell 

research and technologies in the UK energy landscape, and to link this to the wider 

landscape internationally,

2. to create a cohort of academics and industrialists who are appraised of each other’s 

work and can confidently work together to solve research problems.

The broader spectrum of the Hub’s objective can be identified as follows:

Funding Research
The Hub has directly funded or facilitated the funding of 39  research projects across 
21 UK universities, which have received a total sum of £18million.

Multidisciplinary Collaboration
The H2FC SUPERGEN consists of a multidisciplinary team of academics. The core 
research programme for the hub includes: Policy – Research Synthesis – H2FC – 
Hydrogen Safety – Education and training – Hydrogen Storage – Polymer Electrolyte 
Fuel Cells – Solid Oxide Fuel Cells and Electrolysers.

Linking Academia to Industry
H2FC SUPERGEN brings together top academics and key experts in industry, 
ensuring that HH2FC research can effectively scale up to support wealth and 
job creation for the UK. The Hub’s Advisory Board is formed of 19 UK based 
companies, who provide direction for the Hub research and other Hub activities. 
Links with industry are further strengthen through partnerships in research – about 
36 partnerships exist with companies across 27 research projects.

Informing Policy
The Hub seeks to inform key stakeholders, and especially policy makers, of the 
potential benefits of hydrogen and fuel cell technologies, and their capacity for 
addressing the energy trilemma: energy security, energy cost, and environmental 
sustainability; alongside assessment of opportunities for job creation. This is done 
through the publication of four evidence based White Papers.

Building Networks
The Hub champions hydrogen and fuel cells research, both within the UK and 
internationally. It spreads its message via networks, knowledge exchange workshops, 
stakeholder engagement meetings, and research conferences and forums.

Education, Training and Early Career Support
The Hub supports the education and training of PhD students through the Centre for 
Doctoral Training in Fuel Cells and their Fuels, a multi-institution programme led by 
Prof. Robert-Steinberger-Wilckens at the University of Birmingham. The Hub has also 
supported early career researchers with £500k funding made available to researchers 
who wish to advance their careers in the area of hydrogen and/or fuel cells.
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1.2 HUB MANAGEMENT STRUCTURE AND NETWORK MEMBERS

The H2FC SUPERGEN Hub is an inclusive network encompassing the entire UK 

hydrogen and fuel cells research community, with more than 500 associate members, 

including 100 UK-based academics supported by key stakeholders from industry 

and government. H2FC SUPERGEN consists of both top academics and key experts 

in industry. This allows effective translation of fundamental hydrogen and fuel cell 

research into products; creates jobs in the UK and also supports technical innovation 

in the UK companies.

The H2FC Hub’s Management Structure.

NETWORK 
MEMBERS

Membership is open to all and consists of a high proportion 
of students, post-doctoral researchers and academics in the 
UK and internationally, as well as industrialists.

THE SCIENCE BOARD

The Science Board consists of 100 UK-based academics 
working in hydrogen and fuel cell research within the UK 
and relevant energy research projects.

THE MANAGEMENT BOARD

The Management Board consists of 10 prominent academics 
from 7 UK universities. Each academic on the board leads 
one of the 9 work packages forming the Core Research 
topics of the Hub.

THE ADVISORY BOARD

The Advisory Board consists of 19 representatives from 
industry and public bodies with particular expertise in the 
area of hydrogen and fuel cells.
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1.3 HUB MANAGEMENT BOARD

Leading experts manage the Hub’s hydrogen and fuel cell research activities 
to support the transition to a low carbon economy.

The Hub Management Board consists of 10 prominent academics from 7 UK universi-

ties. In addition to participating in management decisions of the Hub, each academic 

on the board leads one of the nine work packages forming the Core Research pro-

gramme of the Hub, as listed below.

Prof. Nigel Brandon
Director and Lead on Research Synthesis 
Work Package 
Nigel Brandon is the Vice-Dean of Research 
at the Faculty of Engineering and the Director 
of Sustainable Gas Institute at Imperial 
College London.

Prof. Tim Mays
Co-Director and Lead on Hydrogen  
Storage Work Package
Tim Mays is Professor of Chemical and Materials 
Engineering (and Head of Department of Chemical 
Engineering) at the University of Bath.

Prof. John Irvine
Co-Director and Lead on SOFCs Work Package
John Irvine is Professor of Chemistry at the 
University of St Andrews and currently holds an 
EPSRC Senior Fellowship.

Prof. Ian Metcalfe
Co-Director and Lead on Hydrogen  
Production Work Package
Ian Metcalfe is Professor of Chemical Engineering 
at Newcastle University.

Prof. David Book
Lead for Hydrogen Storage Work Package
David Book is Professor in Energy Materials 
and Head of Hydrogen Materials Group at the 
University of Birmingham.

Prof. Vladimir Molkov
Lead for Hydrogen and Fuel Cell Safety 
Work Package
Vladimir Molkov is Professor of Fire Safety Science 
and the Director of Hydrogen Safety Engineering 
and Research Centre at Ulster University.
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Prof. Paul Ekins
Lead for Policy and Socio-economics 
(2012–2017) Work Package
Paul Ekins is Professor of Resources and 
Environmental Policy, Director of the UCL Institute 
for Sustainable Resources, and Director of 
Research at the School of Energy and Resources 
at University College London.

Prof. Nilay Shah
Lead for H2 and FC Systems Work Package
Nilay Shah is the Head of Department of 
Chemical Engineering (previously the director 
for the Centre for Process Systems Engineering, 
2009–16) at Imperial College London.

Prof. Anthony Kucernak
Lead on PEM Fuel Cells Work Package
Anthony Kucernak is Professor of Physical 
Chemistry in the Department of Chemistry, 
Imperial College London, a position he has  
held since 2009.

Prof. Robert Steinberger-Wilckens
Lead for Education and Training Work Package
Robert Steinberger-Wilckens is Director of the 
Centre for Fuel Cell and Hydrogen Research 
at the University of Birmingham.

Dr. Paul Dodds
Lead for Policy and Socio-economics (2017–2019)
Paul Dodds is a Senior Lecturer in Energy Systems 
in the UCL Energy Institute and the Institute for 
Sustainable Resources. He specialises in energy 
systems modelling.
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1.4 HUB ADVISORY BOARD

Key stakeholders in industry and government have welcomed the opportunity 
to be able to better connect with the wide research community in this sector.

The key industry players across the hydrogen and fuel cell supply chain are working 

closely with us, and many sit on the H2FC Hub Advisory Board. The Hub Advisory 

Board consists of 19 key industry representatives from companies working across the 

hydrogen and fuel cell supply chain and public bodies. The Advisory Board provides 

strategic advice to the Management Board on the research priorities and activities for 

the Hub. This ensures communication, relevance and impact of the Hub’s research 

beyond its academic boundaries. Companies currently on the Hub’s Advisory Board 

include those in hydrogen production and distribution (Air Products, ITM), PEFC 

development (Intelligent Energy), alkaline fuel cell development (AFC Energy), SOFC 

developers (Rolls Royce Fuel Cell Systems and Ceres Power), a global supplier of 

materials and catalysts for hydrogen production and conversion (Johnson Matthey), 

and a leading automotive technology company active in this sector (Ricardo). The full 

list of Advisory Board members is given below. The full list of industrial partners, 

along with non-industrial and international partners are available in Appendix A.

Dr. Paul Adcock, Director Research 
and Technology

Robert Evans, CEO

David Allen, Product Director (Power Systems) Stuart Graham, Business Development Manager

Dr. Robert Cunningham, Rolls-Royce Fuel Cell 
Systems Scientist

Prof. David Hart, Director

Suzanne Ellis, Low Carbon Technology Manager Andrew Haslett, Director Strategy Development
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Dr. Stuart Hawksworth, Head,  
Energy Innovation Centre

Jane Patterson, Senior Project Engineer  
in Technology Strategy

Dr. Gareth Hinds, Principal Research Scientist Harsh Pershad, Senior Innovation Lead –  
Energy Supply

Nigel Holmes, CEO Dan Sadler, Special Advisor

Gene Lewis, Technical Director Mark Selby, Director of Technology

Prof. John Loughhead, Chief Scientific Advisor Dr. Ben Todd, Managing Director

Prof. Marcus Newborough, 
Development Director
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1.5 HUB SCIENCE BOARD

The Science Board consists of 100 UK-based academics working in Hydrogen 

and Fuel Cell research – for the full list of members see Appendix B. The Science 

Board has provided input to EPSRC as potential reviewers for the Challenge Calls 

on hydrogen and on fuel cells, reviews the award of Flexible Funding, and partici-

pates in research priority setting through research forums and workshops. However, 

the Science Board takes no role in managing Hub activities.

1.6 HUB NETWORK MEMBERS

The Hub reaches out to the whole hydrogen and fuel cells sector, with the objective 

of creating better linked research and industry networks. The membership in the 

H2FC SUPERGEN Hub is free and open to all. The network consists of a high pro-

portion of students and Post-Doctoral Research Associates and UK academics, as 

well as industrialists who are not on our Advisory Board. The network members 

are informed about developments, funding opportunities and events and confer-

ences organised and subsidised by the Hub.
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CHAPTER 2  
HUB RESEARCH
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2.1 RESEARCH PROGRAMME FUNDING

The Hub’s funding is divided into four research programmes: Core Research, Flexible 

Funding, Challenge Calls and Networking. These research projects are conducted 

across 21 UK universities, with research support from 8 international universities 

and industrial support from 36 companies and 4 government partners, in total 

supporting 27 projects. The division of funding across different research programmes 

is shown below.

Funding breakdown of the research and activities under H2FC SUPERGEN 
Hub’s coordination.

39 Research
Projects £18m

14 Challenge Projects, £14M 

Networking, 
£0.8M 

12 Flexible Funding 
Projects and 

4 White Papers,
£1.6M

9 Core Research 
Projects,
£1.6M 

78% 9% 

9% 

4% 



11Chapter 2 Hub Research 

Hub funding structure.

CORE RESEARCH UNIVERSITIES

21 UK AND 8 INTERNATIONAL UNIVERSITIES

OTHER UK UNIVERSITIES WITH HUB PROJECTS

H2 Production

H2 Storage

PEM FCs

H2 Safety

FC Systems

SOFCs and SOECs

Research Synthesis

Policy and Socio Economics

Education and Training

9 CORE 
RESEARCH PROJECTS

£1.6 MILLION

NETWORKING
£0.8 MILLION

16 FLEXIBLE FUNDING
£1.6 MILLION

4X WHITE PAPERS
£0.4 MILLION

EARLY CAREER 
CHALLENGES
£0.5 MILLION

14 CHALLENGE 
PROJECTS

£14 MILLION

ENHANCING IMPACT
£0.66 MILLION

HUB FUNDING
£4 MILLION

RCUK ENERGY 
PROGRAM

£18 MILLION

INTERNATIONAL UNIVERSITIES
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2.2 HUB RESEARCH SCOPE AND STRUCTURE

Each research programme is designed to pursue different objectives, in alignment 

with the Hub’s mission.

The goals of research programmes.

2.2.1 Core Research

The Core Research programme is designed to have a holistic approach to addressing 

the key research questions required to develop a hydrogen and fuel cell sector through 

nine key work packages (WPs): Hydrogen Production, Hydrogen Storage, Polymer 

Electrolyte Fuel Cells (PEMFCs), Hydrogen Safety, Solid Oxide Fuel Cells (SOFCs) 

and Electrolysers (SOECs), Hydrogen and Fuel Cell Systems, Education and Training, 

Policy and Economics and a work package for Research Synthesis. Each of the nine 

work packages is led by a senior academic from the Management Board of the Hub. 

While hydrogen and fuel cells can be linked, they also represent different topics in 

their own right. Hence the research scope captured by the Hub is particularly wide 

and diverse.

  
 

 

 

 

Core 
Research

Flexible 
Funding 
Research

Challenge 
Calls 
Funding

• Addresses selected key areas of underpinning science 
for hydrogen and fuel cells technologies

• Conducted in nine work packages and led by the 
Hub Management Board

• Addresses additional research challenges with 
specific objectives

• Early career researchers professional development
• Projects that translate prior EPSRC research 

into industrial impact, promotes industry and 
academia collaboration

• White Papers on H2 and FC issues to inform 
policy makers and other stakeholders

• Funded by the Engineering and Physical Sciences 
Research Council (EPSRC), the UK’s main agency
for funding research in engineering and the 
physical sciences

• The Hub advises EPSRC on identifying strategically 
significant research projects on the key research 
priorites in H2 and FC technologies and coordinates 
the funded projects
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Scope of core research programme.

Hydrogen Production 
Led by Prof. Ian Metcalfe, Newcastle University

New scalable, intensified, lower carbon approaches to hydrogen production from  

bio-fuel and conventional fuel conversion and better utilisation of low carbon elec-

tricity resources are needed to give flexibility of response in accommodating future 

increases in demand and allow the transition toward a more distributed production 

system. Combined reaction and separation will lead to smaller less capital intensive 

equipment that will be easier to operate.

This Work Package investigates chemical looping (as illustrated in Figure 2.2) for 

the production of hydrogen by the reforming of fuels such as natural gas and biogas. 

By using an appropriate oxygen carrier (such as a metal/metal oxide pair) a chemical 

looping process temporally separates the oxidation and reduction products taking 

place during e.g. methane reforming.

Research has identified chemical looping materials that are much more stable 

than existing materials for hydrogen production. A patent application has recently 

been published.

Polymer 
Electrolyte 
Fuel Cells

Hydrogen 
Safety

Solid Oxide 
Fuel Cells & 
Electrolysers

Policy & 
Economics

Research 
Synthesis

Hydrogen 
Storage

Hydrogen & 
Fuel Cell 
Systems

Hydrogen 
Production

Education 
& Training
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Figure 2.2 Chemical looping process for autothermal methane reforming with 
hydrogen production. An iron oxide carrier is reduced by methane to produce 
reformate. The carrier is then oxidised with water to produce hydrogen and 
further oxidised by air to complete the cycle.  

Hydrogen Storage
Led by Prof. Tim Mays, University of Bath, and Prof. David Book, University of Birmingham

A number of major automotive companies have started commercialisation of hydro-

gen fuel cell vehicles and most currently use high-pressure (350 or 700 bar) composite 

tanks for H2 storage. In the long run, there is a need for on-board hydrogen storage 

systems that allow a more ‘conformable’ tank design operating at lower pressures 

while maintaining storage capacity. To address this, hydrogen storage media can be 

introduced into the tank, typically as compressed powder pellets or liners, to improve 

hydrogen storage capacities. These materials can store hydrogen either via physisorp-

tion or via dissociation in chemical (complex) or metal hydrides. Low mass and 

volume systems are also required for static applications such as storing intermittent 

renewable electricity, e.g. to reduce plant footprint and capital/operating costs.

Figure 2.3 Advanced materials introduced into H2 storage tanks to increase 
capacity or reduce pressure.

O

OO

Fe2O3 Fe/FeO

Fe3O4

CO+H2CO4

H2

H2OAir

N2

CO+H2 N2 (+O2)H2

CH4 AirH2O

PIM-1 film Nanoporous 

material(MOF)

Tank containing nanoporous material 

or PIM-1 film layer on inner surface
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One part of this work package (led by Prof. Tim Mays) looks at advanced nanoporous 

materials such as carbide-derived carbons, metal-organic frameworks (MOFs), poly-

mers of intrinsic microporosity (PIMs) and inorganic (including carbon) nanotubes 

integrated into high-pressure tanks (see Figure 2.3) to improve storage capacity or to 

reduce pressure with possible additional benefits in integrated tank design such as 

strength and conformability.

Another part of this work package (led by Prof. David Book) looks at solid state storage 

of hydrogen, considered as a safer and hence more viable option for future applica-

tions, with specific focus on complex hydrides (e.g. borohydrides), magnesium alloys 

and nano-carbons.

Polymer Electrolyte Membrane Fuel Cells (PEM-FCs)
Led by Prof. Anthony Kucernak, Imperial College London

Polymer electrolyte fuel cells (PEFCs) are at a stage of maturity where commercial 

exploitation is starting. A number of critical issues have been highlighted as impor-

tant for the continued commercialisation of PEFC systems including the complex 

interaction between cost, performance and longevity. Currently any two of these 

parameters can be achieved in PEFCs. The work in this area has been involved in 

looking at the areas of:

• Reduction in fuel cell cost by development of reduced platinum loading electrodes 

and new catalysts which are precious metal free.

• Better understanding of the degradation mechanisms known to operate within fuel 

cells but which are relatively poorly understood and parameterised.

• Poisoning of catalysts by environmental contaminants (especially as the catalyst 

loading is decreased) and mitigation strategies for these effects.

This work package seeks to understand these three issues through development 

of new materials, modelling and accelerated test regimes under relevant operating 

conditions (temperature, pressure, humidity, reactant concentrations) and endeavours 

to identify remediation techniques that can be used on fuel cells once they have been 

exposed to irreversible poisons.
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Figure 2.4 Optimisation of stack design and characterisation of materials.

Hydrogen Safety
Led by Prof. Vladimir Molkov, Ulster University 

Hydrogen safety is one of the technical barriers for the hydrogen economy. 

Breakthrough safety strategies and engineering solutions are needed to underpin 

deployment of inherently safer hydrogen systems and infrastructure. The USA, Japan, 

Germany and France continuously invest in hydrogen safety research through their 

national programmes. This was not the case for the UK before the SUPERGEN H2FC 

Hub project (2012–2017). This Work Package looks at various aspects of hydrogen 

safety engineering, including but not limited to reduction of hazard distances for 

unignited releases, jet fires, blast wave and fireballs from a catastrophic rupture 

of an on-board storage tank in a fire, and modelling of fire resistance of hydrogen 

storage tanks.

Ulster is developing a breakthrough leak-no-burst safety technology to fully avoid 

explosions from high pressure tanks in a fire. Contemporary 3D CFD models of 

conjugate heat transfer from a fire through a composite material wall and liner to 

stored hydrogen have been developed (as illustrated in Figure 2.5) and are being 

validated against unique tests performed at laboratories of Ulster University’s 

international collaborators.

 

Condensed phase

Gas phase

Substrate: thin (<10 µm), 
high electrical conductivity

Fast access of protons

Pt/C agglomerate: 0.5 µm

Any catalyst particle

No convection 
slow transport of 
contaminants

Pore: Fast diffusion 
of reactants with 
no condensation

10 µm

Polycarbonate membrane Au on Polycarbonate

100 nm Gold sputtered 
onto the membrane

Catalyst deposited via vacuum 
filtration – 3.14 mm2 area

Pt/C on Au on PC
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Figure 2.5 Example images generated from computational models looking 
at fire resistance performance of high pressure tanks under fire. 

Solid Oxide Fuel Cells and Electrolysers
Led by Prof. John Irvine, University of St Andrews

SOFCs offer high electrical efficiency and are well suited to static power generation. 

Progress towards commercialisation is being made. SOFCs offer good fuel flexibility 

and can run on fuels such natural gas, biogas, and coal gas as well as hydrogen. 

Solid Oxide Electrolysis Cells (SOECs) are closely related to SOFCs, and offer high 

efficiency hydrogen (and potentially syngas via CO2 and steam electrolysis) pro-

duction, utilising thermal energy to reduce electrical demand. Research challenges 

for SOFCs and SOECs relate to cost, durability, understanding and optimisation of 

interfaces, performance, and sustainability of materials.

This work package looks at two main issues for SOFCs/SOECs: new materials to 

alleviate concerns over materials supply (i.e. reduction of rare earth metal content), 

and development and application of in-situ tools to understand the durability of air 

electrodes for SOFCs/SOECs. Particular interest relates to the detailed and structure 

of the electrochemical interface. Important achievements have been made to control 

this interface by chemical and electrochemical means, resulting in both improved 

performance and durability, Figure 2.6.

New research areas utilising oxycarbides as base structures to develop new fuel 

cell electrode materials utilising non-critical elements have been developed. New 

technology solutions seeking to implement fuel cells in ships, domestic CHP and golf 

vehicles as background technology enabling approaches are also being developed.
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Figure 2.6 The role of non-stoichiometry in the formation of exsolutions 
on stoichiometric and A-site-deficient perovskites illustrated through 
SEM micrographs.

a, In redox exsolution: an embedded metal and is exsolved from the lattice onto the surface 

upon reduction. b, c, Conditions used to trigger exsolution in a Solid Oxide Cell at the fuel 

electrode, reduction in 5% H2/N2 or c, electrochemical switching by applying 2 V. d, In blue, 

thermogravimetric data showing oxygen loss upon reduction by hydrogen as a function of time. 

In orange, cell current upon application of 2 V, also as a function of time. e, f, SEM micrographs 

of La0.43Ca0.37Ni0.06Ti0.94O 3- electrodes produced by: e, reduction by hydrogen at 900 °C for 

20 hours; and f, electrochemical switching, under 50% H2O/N2 at 900 °C for 150 seconds. g, after 

further 100 hours of fuel-cell testing at 750 °C in 3% H2O/H2 at 0.7 V. h, Various characteristics 

of the samples shown in e–g. Polarization and series resistances are given at open-circuit 

voltage. Reproduced by permission from J-H. Myung, D. Neagu, D.N. Miller & JTS. Irvine,  

Nature, 2016. 537, 528–531.

Policy and Socio-economics
Previously led by Prof. Paul Ekins (2012–2017), UCL 

Currently led by Dr. Paul Dodds (2017–2019), UCL

Hydrogen and fuel cells are starting to be deployed commercially for mainstream 

applications. For example, fuel cell cars are now being mass-produced and are likely 

to be available at competitive prices, in ever greater numbers, in the coming years. 

They offer a similar driving and refuelling experience to existing vehicles while 

minimising air pollution. The Hub White Papers have shown that the versatile and 

zero-carbon nature of hydrogen means that it can make a major contribution to a 

low-carbon future across several sectors, complementing low-carbon electricity.
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This work package focuses on socio-economic research to develop the models and 

analytical capability needed to generate new insights into how hydrogen technolo-

gies might be developed in the UK and globally e.g. Spatial Hydrogen Infrastructure 

Planning Model (SHIPMod), Figure 2.7. It examines the effective integration of hydro-

gen into the wider energy system and identifies the role the UK can play, through 

partnerships with industry, to contribute to and benefit from these developments.

The numerous hydrogen production, distribution and consumption pathways pres-

ent complex trade-offs between cost, emissions, scalability, and requirements for 

purity and pressure. In recent years, the policy and socioeconomics research area 

has focused on the effective integration of hydrogen into the wider energy system, 

including understanding the need for new policies and regulatory structures, and 

investments in new infrastructures. It has also examined how fuel cell vehicles might 

be deployed, based on historical analogues.

Our current research is taking a renewed look at hydrogen for heating. It is building 

on the insights from the Leeds H21 study of the conversion of the gas distribution net-

works by examining the robustness and economic implications of the conversion plan 

to different levels of take-up of hydrogen heating. While the Leeds H21 plan assumes 

that existing gas boilers will be replaced with hydrogen boilers, we are examining 

whether fuel cell micro-CHP could be a more cost-effective option in the long term 

for some homes. This research is being performed in conjunction with the UK Energy 

Research Centre (UKERC) urban energy vectors project.

Figure 2.7 Optimised development of national hydrogen infrastructure for the 
“Full Contribution” hydrogen scenario of the Committee on Climate Change, 
in which hydrogen dominates building heating and road transport by 
2050. Produced using the Spatial Hydrogen Infrastructure Planning Model 
(SHIPMod) by the HYVE project for the H2FC Hub White Paper on Energy 
Systems (Figure 6.3).
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Hydrogen and Fuel Cell Systems
Led by Prof. Nilay Shah, Imperial College London

This work package employs multi-scale systems modelling, using spatial and 

temporal information relevant to the UK, to explore the nature of future hydrogen 

systems, the potential roles of different technologies and their performance targets. 

These models take account of the diverse set of options at each stage of the system 

(as shown in Figure 2.8).

The work seeks to support decision making related to questions such as: (i) under 

what conditions (technical and otherwise) can we expect to see a large scale infra-

structural system based on the generation and use of H2 in the UK? (ii) What are 

the optimal system configurations under different conditions (if H2 has a strong 

role to play in energy supply and demand balancing vs if H2 has a strong role to 

play in transport); (iii) what performance measures arise at the system level if 

improvements in individual technologies (conversion, storage, use) are made, and 

hence what improvements should be targeted for components for them to become 

relevant at the system level? This work is conducted through Collaboration between 

Imperial Centre for Process Systems Engineering and UCL’s Energy Institute, as well 

as Collaboration with a number of European partners in the field of joint H2-CCS 

infrastructure design.
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Figure 2.8 Hydrogen delivery pathways. This diagram is simplified and 
non-exhaustive, and serves to highlight the diversity of options at each 
stage of the system. H2FC Supergen Energy Systems White Paper, Figure 6.1.5

Education and Training
Led by Prof. Robert Steinberger-Wilckens, Birmingham University

This work package provides support for the integration of a number of education and 

training activities between the Centre for Doctoral Training (CDT, previously DTC) in 

Fuel Cells and their Fuels, co-ordinated at the University of Birmingham, and other 

educational programmes across the H2FC SUPERGEN Hub.

The CDT trains a new generation of scientists and engineers to address interdiscipli-

nary challenges involved in the transition to a sustainable energy future. To achieve 

this, scientists are investigating not only hydrogen but a wide range of fuels used 

in fuel cells today; including direct use of natural gas, ethanol, gasification syn-gas, 

and other biomass products.

5 Chapter 6: D. Scamman, P. Dodds, P. Agnolucci and L. Papageorgiou (2017) Hydrogen Infrastructure. 
I. Staffell and P.E. Dodds. (Eds.) (2017) In The role of hydrogen and fuel cells in future energy systems. 
H2FC SUPERGEN, London, UK.
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Research Synthesis
Led by Prof. Nigel Brandon, Imperial College London

The objective of this work package is to integrate work conducted across the Hub 

(as illustrated in Figure 2.9) and to reach out to others in the sector and address 

strategically significant research questions, with outputs directed to policy makers, 

research funders and technology developers/end users. This includes the publication 

of H2FC Hub White Papers aimed at a wide range of stakeholders.

Figure 2.9 Core Research synthesis.
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With these projects the Hub has played a key role in focussing and expanding efforts 

to create industrial impact and to expand the H2FC research community base.

The Flexible Funding has also been used to fund four White Papers (as discussed in 

Chapter 4), which address the role and impact of hydrogen and fuel cells in: 

i. Providing Affordable, Secure Low-carbon Heat 

ii. Delivering Energy Security for the UK 

iii. Future Energy Systems, and

iv. Creating Economic Impact in the UK.

Table 1 List of projects awarded the Flexible Funding.

Enhancing Impact

Building the “perfect” PEFC fuel cellelectrode, Prof. Anthony Kucernak, Imperial College London

Dimensional change in polymer electrolyte fuel cells: From electrode to stack, Prof. Dan Brett, UCL

Increased impact from UK Research Council supported hydrogen and/or fuel cell research, 
Prof. Bill David, Oxford/RAL

Application of 3D imaging and analysis to the design of improved current collectors for Solid  
Oxide FuelCells, Prof. Nigel Brandon, Imperial College London

Application of novel electrode structures developed for SOFC technologies into AFC systems  
to increase anode performance and cycling durability, Dr. Richard Dawson, Lancaster University

Biohydrogen production by fermentation and bioelectrolysis, Prof. Alan Guwy,  
University of South Wales

Early Career Researchers

A low-cost carbon-based oxygen electrode for polymer electrolyte membrane fuelcells,  
Dr. Qiong Cai, Surrey University

Covalently stabilised carbonaceous catalyst supports for polymer electrolyte fuel cells  
and electrolysers, Dr. Denis Kramer, University of Southampton

Definition of a UK green hydrogen standard, Dr. Paul Dodds, UCL

Plasma-catalytic reforming of biogas into renewable and clean hydrogen, Dr. Xin Tu,  
Liverpool University

Engineering for solid hydrogen: designing nanoporous materials for enhanced hydrogen storage,  
Dr. Valeska Ting, University of Bristol

2.4 CHALLENGE CALLS PROGRAMME

The Hub has facilitated the funding of £14m to 14 separate EPSRC Challenge Call 

Research projects. The Hub has helped direct the research focus of the Calls by organ-

ising workshops within the community. To date four separate Challenge Calls have 

been facilitated by the Hub: 1) SUPERGEN Hydrogen Challenge (December 2013) 

2) SUPERGEN Hydrogen and Fuel Cells Challenges (March 2014) 3) UK Korea Fuel 

Cells (November 2014) and 4) Fuel Cell Challenge Call (December 2014). The distribu-

tion of the funding between challenge calls is presented in Table 2.
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Table 2 Challenge projects funded through the H2FC SUPERGEN Hub between 
2012–14.

Hydrogen Challenge
£2.6m

Hydrogen and Fuel Cells 
Challenge

£5.2m

UK–Korea Fuel Cells
£1.8m

Fuel Cell Challenge
£4.7m

• Real-time H2 
purification and 
monitoring for efficient 
and durable fuel cell 
vehicles (X. Guo, UCL)

• Hybrid nanoporous 
adsorption/high-
pressure gas H2 

 storage tanks 
(T. Mays, Bath)

• Hydrogen’s value in the 
energy system (HYVE) 
(P. Ekins, UCL)

• Robust lifecycle desing 
and health monitoring 
for FC extended 
performance 
(L. Jackson, 
Loughborough)

• Integrated safety 
strategies for on-board 
H2 storage systems  
(D. Makarov, Ulster)

• Engineering safe and 
efficient hybride-based 
technologies (D. Grant. 
Nottingham)

• Flame SOFC, devices  
to extract electricity 
from gas flames  
(S. Tao, Warwick)

• In situ hydrogen 
purification 
and technology 
hybridization of H2–FC 
systems (X. Guo, UCL)

• Innovative concepts 
from electrodes to 
stacks (A. Kucernak, 
Imperial College)

• Novel diagnostic 
tools and techniques 
for monitoring and 
control of SOFC 
stacks – understanding 
mechanical and 
structural change  
(N. Brandon, 
Imperial College)

• Fuel cell tech- 
nologies for an 
ammonia economy  
(D. Brett, UCL)

• Electrodes by design 
for SOFCs (N. Brandon, 
Imperial College)

• Control of structure, 
strain and chemistry  
(S. Skinner,  
Imperial College)

• Tailoring of 
microstructural 
evolution in 
impregnated SOFC 
electrodes (J. Irvinem,  
St Andrews)
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CHAPTER 3  
RESEARCH 
IMPACT

Expanding fundamental understanding 

of hydrogen and fuel cell technologies
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3.1 INTRODUCTION

The UK has a strong scientific base in H2FC research; it is within the top 10 countries 

globally in terms of numbers of hydrogen and fuel cell publications and second 

only to Germany in terms of average citations per article (2014). Currently there are 

21 UK universities with groups working on H2FC projects funded by or through the 

H2FC SUPERGEN Hub. The diversity and strength of the UK academic base is further 

reflected in the H2FC SUPERGEN Science Board, which comprises 100 UK academics 

working in hydrogen and in fuel cell related research.

The Hub has demonstrated significant academic impact through its core research 

in its first five years of operation (4 patents, about 400 peer reviewed papers, 150 con-
ference presentations), and this will be further extended in the following two years 

(during the period of extension to April 2019). Measuring the impact of much of the 

research undertaken is not always easy. However, we are proud to say significant 

progress has been made in a range of areas in the last five years, from the invention 

of new materials and technologies to the development of new processes/techniques 

and safety standards. All of which are important steps for the scientific community 

and the advancement of the H2FC technologies globally. In this chapter we list some 

examples of the research impact made. The impact on policy will be discussed in 

the next chapter.

3.2 RESEARCH IMPACT: FROM THE LAB TO THE REAL WORLD

Invention of infiltrated nanocatalysts for energy and environmental applications
Core Research and Challenge Research led by Prof. J. Irvine, St Andrews

Materials play a key role in development of next generation Solid Oxide Fuel Cells 

(SOFCs). As part of H2FC SUPERGEN a new class of SOFC anodes with decoupled 

catalytic, support and electrical functions has been developed. As a result, anode 

composition and morphology can be tailored to a far greater extent leading to more 

robust systems with higher tolerance to redox cycling, coking and poisoning. The 

use of these new anodes has been demonstrated on an industrial scale. Work con-

tinues in partnership with several industry partners to further develop and optimise 

these systems for commercial applications. The initial design has been extended for 

use in other areas, such as in scrubbers for improving air quality in aircraft cabins. 

This technology is at the demonstrator phase.

A world first of its kind electrically conducting perovskite anodes with higher 

tolerance to redox cycling, poisoning and a unique structure have been developed. 

St Andrews’ anodes are of interest to several companies to pursue more robust com-

mercial products. In particular impregnated anodes have been demonstrated in the 

Hexis Galileo 1 kWe SOFC CHP system illustrated in Figure 3.1a with improvements 

to the durability of impregnated anodes resulting from Hub activities shown in 

Figure 3.1b. The team also led a review article of this subject area for the inaugural 

Nature Energy issue.
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Figure 3.1a Hexis Galileo 1kWe CHP system, showing scale up, integration and 
demonstration of impregnated catalyst anodes into this system.

Figure 3.1b Improved durability in impregnated anodes as a result of research 
work in the H2FC Hub.
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Breakthrough onboard storage safety technology & regulations, 
codes and standards
Core and Challenge Research led by Prof. V. Molkov, Ulster University

• A growing number of CNG tank explosions in fires highlights the need 

for advanced safety solutions for hydrogen tanks.

• A model of the load bearing ability of a composite tank under thermal 

and pressure loads has been developed.

• A new technology for an explosion-free hydrogen tank has been proposed.

The fire resistance of high-pressure hydrogen composite tanks remains a major  

engineering challenge and an enabler for the deployment of hydrogen fuel cell  

technologies. Hydrogen tanks on-board hydrogen-fuelled vehicles operate at 700 bar, 

and hydrogen refuelling stations at up to 1000 bar. Unfortunately, the fire resistance of 

current on-board hydrogen tanks under the failure condition when thermally-activated 

pressure relief device (TPRD) does not open, i.e. the time before tank rupture, is only 

3–12 minutes, while vehicle fires can continue for up to 1–2 hours. Under these condi-

tions, tank rupture constitutes a major safety hazard. 

The new theory (model) of blast wave decay after a tank rupture developed within the 

H2FC Supergen programme has demonstrated the importance of avoiding hydrogen 

tank rupture, which enabled new work aimed at improving the thermal protection 

of tanks using intumescent paint. The work, supported by computational modelling, 

has resulted in an increase in the fire resistance of composite tanks beyond 2 hours, 

i.e. beyond the longest observed car fire. This is an excellent engineering solution 

for stationary hydrogen storage tanks. Moreover, for on-board vehicle storage this 

research has resulted in the invention of a new safety technology of explosion-free 

tanks. The developed concept has been validated in experiments (see Figure 3.2), 

and will support the on-going deployment of hydrogen based technologies.

This work has also resulted in the introduction of a new term: “hazard distance” into 

international standard ISO 19880–1 “Gaseous hydrogen fuelling stations – General 

requirements” to distinguish with “separation distance”. This work has also revealed 

the dependence of fire resistance on the heat release rate (HRR). This requires the fire 

test protocol of the Global Technical Regulation on Hydrogen and Fuel Cell Vehicles 

(GTR#13), developed under the auspices of the UN, to be updated. These results 

have been communicated to key stakeholders: GTR#13 forum, ISO TC197 Hydrogen 

Technologies, IEA HIA Task 37 Hydrogen Safety, and industrial partners.

Ulster is one of the key providers of hydrogen safety research and education globally, 

and leads UK contributions in closing knowledge gaps and resolving technological 

bottlenecks in hydrogen safety in EU guidelines developed in complementarities and 

synergies with SUPERGEN H2FC Hub project:

• European Guidelines on Inherently Safer Use of Hydrogen Indoors.

• European Guide for First Responders to tackle accidents with hydrogen 

systems and infrastructure.

• European Model Evaluation Protocol for Computational Fluid Dynamics 

(CFD) models.

http://www.hyindoor.eu/wp-content/uploads/2014/06/HyIndoor-Guidelines_D5.1_Final-version3a.pdf
http://www.hyresponse.eu/responseguide.php
http://www.support-cfd.eu/files/jedicke/Public%20Deliverables/SUSANA_Deliverable_D6_2_final_version_December_2016(1).pdf
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A patent for a novel explosion-free and TPRD-free safety technology for light-weight 

composite pressure tanks has been filed (UK Patent Application No. 1702362.3).

Figure 3.2 Increased fire resistance of on-board hydrogen storage tank: 
(top left) tank modelling image, (top right) tank prepared for experiments 
in fire, (bottom left) remnants of bare unprotected tank ruptured after 8 min 
of fire test, (bottom right) thermally protected tank after 110 min of fire test 
still retaining load bearing ability.

Development of a new catalyst for oxygen reduction
Core and Challenge Research, led by Prof. A. Kucernak, Imperial College London

• A new highly active, self-supporting and poison-tolerant precious-metal free cata-

lyst called ODAN has been developed.

• A new low-cost high power density fuel cell utilizing ODAN and operating with 

organic fuels was designed to contribute to all elements of the energy trilemma.

• A company SweetGen Ltd backed up by industrial partners and funding bodies 

has been formed, two patents have been submitted.

SweetGen Ltd co-founders Dr. Javier Rubio-Garcia, Prof. Anthony Kucernak and 

Daniel Malko developed the technology within Imperial College London’s Department 

of Chemistry. Their abiotic fuel system produces electricity from low quality fuels 

dissolved in wastewater streams; this cell-like system also offers the additional benefit 

of cleaning the water. The device enables faster, lower cost and less energy intensive 

water treatment procedures. 

One of the main limiting factors of fuel cells performance is deactivation of a cathode 

electrocatalyst (normally precious metals, such as Platinum) during oxygen reduction 
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reaction due to poisoning effects and side reactions. As part of H2FC SUPERGEN, 

a new poison-tolerant precious-metal free catalyst for oxygen reduction reaction, 

called ODAN, was developed. This catalyst enables numerous technological appli-

cations in the field of fuel cells, metal-air batteries, oxygen-depolarized chlor-alkali 

cathodes, oxygen sensors, medical implantable devices, waste water treatment and 

sensors where the operating medium is a complex and challenging mixture. Although 

the catalytic performance of ODAN is not as high as that of platinum in very clean 

systems, it can operate effectively under conditions that would shut down a fuel cell 

utilising precious metal based catalysts. A fuel cell for waste water treatment, utilis-

ing the new catalyst has therefore been designed. The power density of the new fuel 

cell is over 50 times higher than that of currently available micro-biological fuel cells 

that are being developed to extract energy from waste water. In addition the fuel cell 

can be cheaply manufactured using existing fuel cell manufacturing techniques.

The innovative FC configuration significantly reduces the cost and performance 

limitations seen for current fuel cells in this area as the ODAN catalyst is not poi-

soned by organic fuels. The new catalyst allows the use of low cost separators (instead 

of expensive membranes) leading to state-of-the-art peak power performances for 

pure glycerol (12.6 mWcm-2 at 0.24 V) or pure methanol (23.6 mWcm-2 at 0.27 V). 

Considering that the main components in biodiesel waste are glycerol, methanol and 

hydroxides, the valorisation of such industrial residue is a reasonable following step 

to produce power at global scale.

Two patents have been submitted: 1) UK Patent Application No. GB1317412.3 – 

Oxygen reduction catalysts – Priority application date October 2014, 2) UK Patent 

Application No. GB 1521284.8 – Fuel Cell – Priority application date December 2015.

Figure 3.3 Example of design for a 30kW water treatment system to fit 
in a 20 ft ISO container utilizing a cell power density of 4 mW cm-2.
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A new method of testing electrocatalysts for PEFCs
Flexible Funding Research, led by Prof. A. Kucernak, Imperial College London

A new method of testing electrocatalysts for PEFC fuel cells which goes significantly 

beyond the current worldwide state of the art in catalyst testing was developed 

through the project titled “Building the ‘perfect’ PEFC fuel cell electrode”. This 

new approach has been successfully transferred to Johnson Matthey, and they are 

now using it for catalyst testing.

Development of new techniques to analyse PEFCs
Flexible Funding Research, led by Prof. Dan Brett, UCL

The aim of this project is to offer a viable, competitive alternative to current PEM fuel 

cells and their hydrogen provision. Specifically, the project aims to increase the fuel 

flexibility of low-temperature fuel cells through state-of-the art anion membrane alka-

line fuel cells using hydrogen, obtained from ammonia (NH3) using a novel decom-

position process developed by the group, as the fuel source. So far, new alkaline 

ionomer membranes have been developed that are showing comparable performance 

to conventional acidic membranes; a comprehensive understanding of NH3 decompo-

sition mechanisms via imide/amides is being realised and an optimised engineering 

strategy developed for dead-end/purge operation on N2 containing H2 developed. 

The specific achievements of this particular project include:

• Development of a technique to examine dimensional change cause and effect in 

polymer electrolyte fuel cell components.

• Development of a unique fuel cell diagnostics tool that is capable of combined 

current, temperature and water distribution mapping. With the industrial collab-

orator, Intelligent Energy, the team has been able to probe the internal workings of 

commercial fuel cell stacks in such a way that ‘electro-hydro-thermal’ operation is 

possible for the first time.

Development of materials for lower cost and lower CO2 hydrogen production
Core Research, led by Prof. Ian Metcalfe, Newcastle University

New and scalable lower carbon approaches to hydrogen production from bio-fuel and 

conventional fuel conversion and better utilisation of low carbon electricity resources 

are being developed. This project is investigating chemical looping for the production 

of hydrogen by the reforming of fuels such as natural gas and biogas. Chemical loop-

ing materials that are much more stable than existing materials for hydrogen produc-

tion has been identified, a patent on this (GB1511855.7) has recently been published.

Representative publications

The Hub scientists have published over 400 research papers in high impact 

journals in the last five years. Some of the selected papers are listed below as 

representative publications.

1. “Hydrogen and fuel cell technologies for heating: A review”, Dodds PE, Staffell I, 

Hawkes AD, Li F, Grünewald P, McDowall W, Ekins P., International Journal of 
Hydrogen Energy. 2015; Vol. 40, pp. 2065–83.
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2. “Layered oxygen-deficient double perovskite as an efficient and stable anode for di-

rect hydrocarbon solid oxide fuel cells”. S. Sengodan, S. Choi, A. Jun, TH. Shin, YW. 

Ju, HY. Jeong, J. Shin, JTS. Irvine, G. Kim. Nat. Mater. 2015, Vol. 14, pp. 205–206.

3. “Evolution of the electrochemical interface in high-temperature fuel cells and 

electrolysers”. JTS. Irvine, D. Neagu, MC. Verbraeken, C. Chatzichristodoulou, 

C. Graves, MB. Mogensen. Nat. Energy. 2016, Vol. 1, 15014.

4. “Nanoparticle scaffolds for syngas-fed solid oxide fuel cells”, Boldrin P, Ruiz-Trejo 

E, Yu J, Gruar RI, Tighe CJ, Chang K-C, Ilavsky J, Darr JA, Brandon N, Journal of 
Materials Chemistry A, Vol. 3, 2015, pp. 3011–3018.

5. “The Hydro-electro-thermal Performance of Air-cooled, Open-cathode Polymer 

Electrolyte Fuel Cells: Combined Localised Current Density, Temperature and 

Water Mapping”, Meyer, Q., Ashton, S., Jervis, R., Finegan, D.P., Boillat, P., Cochet, 

M., Curnick, O., Reisch, T., Adcock, P., Shearing, P.R., Brett, D.J.L., Electrochimica 
Acta, Vol. 180, 20 October 2015, pp. 307–315.

6. “The Intriguing Poison Tolerance of Non-Precious Metal Oxygen Reduction 

Reaction (Orr) Catalysts”, Malko, D.; Lopes, T.; Symianakis, E.; Kucernak, A. R., 

Journal of Materials Chemistry A 2016, Vol. 4, pp. 142–152.

7. “In Situ growth of nanoparticles through control of non-stoichiometry”, D. Neagu, 

G. Tsekouras, D.N. Miller, H. Menard, J.T.S. Irvine, Nat. Chem., 2013, Vol. 5, 

916–923, doi:10.1038/NCHEM.1773.

8. “Electrocatalytic Performance of Fuel Cell Reactions at Low Catalyst Loading 

and High Mass Transport”, Zalitis, C. M.; Kramer, D.; Kucernak, A. R., Physical 
Chemistry Chemical Physics 2013, Vol. 15, pp. 4329–4340.

9. “In-situ electrochemical quantification of active sites in Fe-N/C 

non-precious metal catalysts”, Malko, D.; Lopes, T.; Kucernak, A. R., 

Nature Communications, submitted.

10. “Are scenarios of hydrogen vehicle adoption optimistic? A comparison with 

historical analogies”, McDowall, W. (in press), Environmental Innovation and 
Societal Transitions.

11. “Modelling heat transfer in an intumescent paint and its effect on fire resistance 

of on-board hydrogen storage”, Kim Y., Makarov D., Kashkarov S., Joseph P. and 

Molkov V., Int. J. Hydrogen Energy, available online 25 April 2016, doi:10.1016/j.

ijhydene.2016.02.157.

12. “Mechanical characterisation of polymer of intrinsic microporosity PIM-1 for 

hydrogen storage applications”, Polak-Krasna K., Dawson, R.; Holyfield, L.T.; 

Bowen, C.R.; Burrows, A.D.; Mays, T.J., Journal of Materials Science, Vol. 52, 

No.7, pp. 3862–75, 2017.

13. “Modeling thermal response of polymer composite hydrogen cylinders subjected 

to external fire”, Saldi, Z.S., Wen, J.X., Int. J. Hydrogen Energy, available online 2 

July 2016, doi:10.1016/j.ijhydene.2016.06.108.
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4.1 INTRODUCTION

What impact can hydrogen and fuel cell technologies have in addressing 
the energy trilemma: energy security, energy cost, and CO2 emissions?

H2FC members cover the constituent nations and key regions of the UK. Together 

with the representatives from BEIS, UKERC, HSE, RCUK (via EPSRC), Innovate UK 

and ETI on our Advisory Board, this provide the ideal basis for effective use of the 

Hub’s research to inform policymaking in the H2FC and related sectors.

The Hub has published four evidence based White Papers to inform key stakeholders, 

especially policy makers, of the roles and potential benefits of hydrogen and fuel cell 

technologies. The papers examine the Role of Hydrogen and Fuel Cells in:

i. Providing Affordable, Secure Low-carbon Heat 
ii. Delivering Energy Security for the UK 

iii. Future Energy Systems, and

iv. Creating Economic Impact in the UK.

All four White Papers were launched at the City Hall in London at two separate events 

attended by a range of stakeholders, including industrialists, policy makers and aca-

demics. These took place in March 2014 (1st WP) and March 2017 (other WPs), with 

accompanying Scottish launches at the All-Energy conferences in the same years.

This chapter discusses the key findings from the white papers and their impacts 

to date. The white papers are available for download through the H2FC Supergen 

website at: www.h2fcsupergen.com/our-work/whitepapers/

Only a research consortium of this kind can bring together the 
technical and socio-economic expertise, which you need to combine,  
to produce white papers like this, which are not policy prescriptive  
but are very much policy relevant.
Prof. Paul Ekins, Prof. of Resources and Environment Policy, UCL

4.2 WHITE PAPER I: THE ROLE OF HYDROGEN AND FUEL CELLS 
IN PROVIDING AFFORDABLE, SECURE LOW-CARBON HEAT

Radically re-thinking low carbon heating for the UK

One of the most difficult challenges to meet UK climate change goals is to provide 

low-carbon heat to homes, offices and industry, which account for almost half of all 

UK energy consumption.6 

6 Dodds PE, Staffell I, Hawkes AD, Li F, Grünewald P, McDowall W, Ekins P. Hydrogen and fuel cell 
technologies for heating: A review. International Journal of Hydrogen Energy. 2015;40:2065–83.

http://www.h2fcsupergen.com/our-work/whitepapers/
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The Government heat strategy, published in 2013, focuses on electrification of heat, 

generated by renewables. Yet 85% of households currently use natural gas boilers and 

are accustomed to small, quiet, reliable, responsive, low-cost, high-power heating sys-

tems; all alternative options are more expensive and, in many cases, inferior. The H2FC 

Supergen Hub commissioned this White Paper to examine the evidence for hydrogen 

and fuel cells to provide low-carbon heat as an alternative to natural gas and to support 

partial electrification. It concluded that hydrogen and fuel cells have habitually been 

excluded or marginalised in technology innovation needs assessments and heat policy 

papers, so their potential benefits are not well understood.

Figure 4.1 Authors of the Heat white paper in the London City Hall, May 2014. 
Will McDowall,1 Dr. Francis Li,1 Dr. Iain Staffell,2 Dr. Philipp Grunewald,2 
Dr. Tia Kansara,1 Prof. Paul Ekins,1 Dr. Paul Dodds,1 Dr. Adam Hawkes2 and 
Dr. Paolo Agnolucci1 
(1 = University College London, 2 = Imperial College London).

4.2.1 Headline Messages

•  Hydrogen and fuel cells could be part of the cost- 

optimal heating technology portfolio in long-term UK 

energy system scenarios.

•  Fuel cell CHP is already being deployed commercially 

around the world.

•  Hydrogen can be a zero-carbon alternative to natural 

gas. Most technologies that use natural gas can be 

adapted to use hydrogen and still provide the same 

level of service.

•  Hydrogen and fuel cell technologies avoid 

some of the disadvantages of other low-carbon 

heating technologies.

• Fuel cells can support the integration of renewables and other low-carbon  

technologies into the electricity system.



36 H2FC SUPERGEN: Five Years of Impact

• Some government policies penalise hydrogen and fuel cell technologies  

compared to alternative low-carbon technologies.

• The UK has an opportunity to develop a hydrogen and fuel cell industry  

for heating.

This White Paper showed that most heating technologies that use natural gas can 

be adapted to use hydrogen and will provide an identical or similar service, in 

contrast to other current low-carbon heating technologies such as heat pumps that 

are characterised by high capital costs, sensitivity to operating conditions and high 

space requirements for an average home. In the short term, injecting small amounts 

of hydrogen into the gas networks, or injecting synthetic natural gas produced from 

hydrogen and waste CO2 effluent, could reduce the emissions intensity of the deliv-

ered gas. In the long term, the existing gas networks could be converted to deliver 

hydrogen instead of natural gas, with heat produced using hydrogen boilers or 

micro-CHP fuel cells.

A sustained innovation programme in Japan has reduced the costs of micro-CHP fuel 

cells to be commercially-competitive, and this report showed that they could also 

help to balance electrification in the UK.

4.2.2 Impact

Following publication, the following developments took place:

•  Projects were commissioned by DECC and Northern Gas Networks to further 

investigate the potential of using hydrogen for heating, including an engineering 

appraisal of converting Leeds as part of a nascent CCS scheme.

•  One policy recommendation from the report was to produce a UK definition of 

green hydrogen, and DECC subsequently set up a Green Hydrogen Standard work-

ing group and issued a call for evidence.

•  Dr. Paul Dodds, who was one of the lead authors and editors of the White Paper 

became a member of the DECC working group and was awarded a Flexible Re-

search project to provide a scientific basis to the concept of ‘green hydrogen’, which 

is not straightforward.

Following the lead of this White Paper, the H21 Leeds City Gate project carried out an 

engineering appraisal of converting the natural gas grid in Leeds to transmit hydrogen 

for heating, and considered how a transition to hydrogen heating could occur across 

the UK.7 It concluded that hydrogen heating is a viable option that would contrib-

ute to the UK’s 2050 and Paris Agreement commitments, remove the risk of carbon 

monoxide poisoning, increase energy storage, potentially remove air pollution from 

vehicles and enable new product development and innovation for manufacturing and 

industrial businesses. The study has provoked great interest from policymakers and 

has been endorsed by the wider community. 

7 Sadler D, Cargill A, Crowther M, Rennie A, Watt J, Burton S, Haines M. H21 Leeds City 
Gate. Leeds, UK: Northern Gas Networks; 2016. 
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This White Paper was a key publication and helped to set the 
foundations for the subsequent H21 Leeds City Gate feasibility 
study for use of hydrogen for heat at city scale in the UK.
Nigel Holmes, Chief Executive, Scottish Hydrogen and Fuel Cell Association

4.3 WHITE PAPER 2: ROLE OF HYDROGEN AND FUEL CELLS 
IN DELIVERING ENERGY SECURITY FOR THE UK

The impacts of low-carbon technologies on energy security have received little atten-

tion in the literature, with the exception of renewables integration into the electricity 

system. This White Paper was commissioned to assess the potential implications of 

deploying hydrogen and fuel cells on UK energy security. It first examines the tech-

nologies indi vidually, then assesses potential impacts of these on the electricity, gas, 

and transport systems, and finally considers their energy security implications for the 

whole UK energy system.

Figure 4.2 Authors of the Energy Security White Paper, London City Hall,  
March 2017. Left to right: Prof. Robert Steinberger-Wilckens,1 Dr. Paul  
E. Dodds,2 Dr. Zeynep Kurban,3 Dr. Anthony Velazquez Abad2 
(1 = University of Birmingham, 2 = UCL, 3 = Imperial College London).
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4.3.1 Headline Messages 

•  Fuel cells can contribute to UK energy system security, 
both now and in the future. Fuel cells can uniquely 

generate electricity at high efficiencies even at very 

small scales, and are increasingly used for emergency 

back-up power.

•  Hydrogen can be produced using a broad range 
of feedstocks and production processes, including 
renewable electricity. The impacts of resource price 

volatility and supply disruptions can be ameliorated 

by switching between production processes.
• Adopting hydrogen as an end-use fuel in the long

term increases UK energy diversity. Scenario analyses 

using an energy system model show that the diversity of the UK energy system, 

including primary energy consumption, electricity generation, heat and transport, 

would be similar for scenarios with and without hydrogen, and slightly improved 

compared to today’s situation.

• Hydrogen can be safely transported and stored. Hydrogen pipelines are wide ly-

used in industry and well-understood. It would be possible to develop large-scale 

storage of hydrogen more cheaply than that for electricity. This could supply 

many of the same markets as electricity and increase diversification compared 

to a system focused on electrification of heat and transport.

• Hydrogen and fuel cells could improve the stability of a low-carbon electricity 
system with a high penetration of renewables. Hydrogen could be produced from 

renewable electricity using electrolysers in a process called power-to-gas. The hy-

drogen could then be used as a fuel (e.g. in the transport sector), or stored and used 

to generate electricity at times of high demand. UK energy resource independence 

could be greatly increased through deploying high levels of renewables supported 

by hydrogen and fuel cells.

4.4 WHITE PAPER 3: ROLE OF HYDROGEN AND FUEL CELLS 
IN FUTURE ENERGY SYSTEMS

The potential for hydrogen and fuel cells to make a substantial contribution to clean 

energy systems has long been identified. This White Paper was commissioned to 

review the evidence base for using hydrogen and fuel cells across the UK energy 

system and to provide insights around the roles they may play in the future.
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Figure 4.3 Authors of the Energy Systems White Paper, London City Hall, 
March 2017. Left to right: Dr. Daniel Scamman,1 Dr. Paul Dodds,1 
Dr. Anthony Velazquez Abad,1 Dr. Iain Staffel,2 Prof. Nilay Shah2 
and Prof. Paul Ekins1 (1 = UCL, 2 = Imperial College London). 

4.4.1 Headline Messages

•  Hydrogen and fuel cells are now being deployed 
commercially for mainstream applications.

•  Hydrogen can play a major role alongside elec-
tricity in the low-carbon economy. Electricity 

generation is being decarbonised rapidly and could 

take a greater share of heat and transport provision. 

Hydrogen possesses this same versatility and enables 

routes to deeper decarbonisation through providing 

low-carbon flexibility and storage.

• Modelling suggests that both hydrogen and fuel cells
form part of the least-cost solution to decarbonising
the UK economy out to 2050. Even with no govern-

ment intervention they offer the least-cost route to decarbonising heavy goods 

vehicles, some industries and peak power generation.

• Hydrogen technologies can support low-carbon electricity systems dominated 
by intermittent renewables and/or electric heating demand. Fuel cells provide 

controllable capacity that would offset peak electricity demands from heat pumps.

• Low-cost strategic investments can be made to ‘keep the door open’ for hydrogen 
technologies. The option to use hydrogen in strategically-important sectors can be 

kept open for only a slight increase in decarbonisation cost.
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• Fuel cell vehicles are now being produced on assembly lines by major manu-
facturers. Costs have significant potential to fall with mass production and can 

achieve parity with electric alternatives by 2025–2030.

• Decarbonising heat faces several challenges, with strong user requirements that 
hydrogen boilers and fuel cells can meet. Innovations in heat lag behind other 

sectors as electrification with heat pumps, district heating and burning biomass 

face multiple barriers.

• The ‘hydrogen economy’ is not necessary for hydrogen and fuel cells to flourish. 
Too much is made of the ‘chicken and egg’ strategy problem of whether consumer 

demand or large central infrastructure should come first. Instead, markets can be 

established while avoiding potentially high-regret investments early on.

• Successful innovation requires focused, predictable and consistent energy policy. 
Frequent policy changes undermine business and industry confidence for making 

long-term investments in low-carbon technologies such as hydrogen and fuel cells.

• Developing a green hydrogen standard is necessary to include hydrogen in 
many energy policies. A guarantee of origin scheme would enable hydrogen from 

low-carbon and renewable energy sources to be verified and rewarded.

• UK firms are international leaders in power-to-gas, fuel cell vehicles, alkaline 
fuel cells and component supply chains for the hydrogen industry. In contrast 

with competing countries, UK energy and industrial policy implicitly neglects the 

development and deployment of hydrogen and fuel cell technologies.

4.5 WHITE PAPER 4: THE ECONOMIC IMPACT OF HYDROGEN 
AND FUEL CELLS IN THE UK

The emergence of both domestic and international hydrogen and fuel cell sectors 

presents a demonstrably significant economic opportunity to the UK. Understanding 

the potential economic impact of hydrogen and related technologies and its 

economy-wide benefits, for example opportunities for job creation, is highly impor-

tant. In fact the view from BEIS8 that ‘historically, we [the UK] have not been as 
successful at commercialisation and development as we have been at basic research’ 
is widely accepted. This White Paper makes an initial assessment and macro- 

economic analysis of the likely impact of an emergent hydrogen and fuel cell 

sector, in particular to support private transport on the UK economy.

8 Building Our Industrial Strategy, Green Paper, Department of Business, Energy and Industrial 
Strategy (BEIS), 2017.



41Chapter 4 Policy Impact 

Figure 4.4 Authors of the Economic impact White Paper, London City Hall, 
March 2017. Left to right: Dr. Paul E. Dodds,1 Prof. John Irvine,2 Prof. Karen 
Turner3, Dr. Oluwafisayo Alabi3 (1 = UCL, 2 = St Andrews, 3 = Strathclyde).

4.5.1 Headline Messages

•  Hydrogen is disruptive in that for the first time 

a single energy vector could be used and transferable 

across traditional energy markets which are current-

ly distinct and separated by their need for different 

fuels or energy input types.

•  The export potential of hydrogen and fuel cell  

technologies is significant and a move away from  

current UK use of refined fuels towards hydrogen 

can be expected to yield a valuable increase in 

GDP and employment.

• The likely gains will come not only from the 

production and distribution of hydrogen in the UK 

but also from the range of service sector activities, including finance, involved in 

a potentially strong domestic supply chain.

• Low-cost strategic investments can be made to ‘keep the door open’ for hydrogen 

technologies. This can reinforce energy security and provide insurance against 

other technologies failing to deliver as anticipated (e.g. carbon capture and stor-

age or heat pumps). Hydrogen technologies have a familiar look and feel for 

consumers, enabling greater personal choice in decarbonisation.
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4.6 KEY POLICY MESSAGES FROM ACROSS THE WHITE PAPERS

Several important conclusions for policymakers can be drawn from across 

the White Papers:

• UK firms are international leaders in power-to-gas, fuel cell vehicles, alkaline fuel 

cells and component supply chains for the hydrogen industry. Despite this, and 

in contrast with competing countries, UK energy and industrial policy implicitly 

neglects the development and deployment of hydrogen and fuel cell technologies.

• Supporting the electricity, heating and transport systems with hydrogen and fuel 

cells, through power-to-gas and peak generation, would lead to closer interactions 

between electricity, gas and transport sectors in the future. Yet energy policy, 

particularly for energy security, does not currently take a holistic view of the UK 

energy system and the many energy markets. A more holistic approach would 

account for the opportunities and threats caused by links between sectors in 

the future.

• Indications by the Government of future policies in hydrogen and fuel 

cells are needed to support the long-term perspective of the transition to 

a low-carbon economy.

• While hydrogen and fuel cells are now being deployed for mainstream applica-

tions, now that the UK is leaving the EU, pre-commercialisation funding needed 

to drive full-scale commercialisation is at risk. Currently, most of this funding 

is supplied by the European Commission.

• Options include continuing this participation, for example through a similar mod-

el to Norway and Switzerland, and also establishing a single cross-cutting support 

agency similar to the German ‘NOW’ organisation.
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5.1 ENGAGEMENT WITHIN ACADEMIA

The Hub has a science board formed of 100 academics and a broader network of 

400 researchers in the fields of hydrogen and fuel cells across different UK universi-

ties. This network is regularly informed of Hub and other H2FC related events both 

through email communication and the Hub website, which also provides informa-

tion and list of publications on Hub and other H2FC related research to the general 

public. To bring the research community together the Hub organises an annual H2FC 

Supergen Researcher Conference; to date four Hub conferences have been organised, 

the first two were at the University of Birmingham (Dec 2013 and 2014), and the 

third was at the University of Bath (2015) and the fourth was at Ulster University 

(Dec 2016). These conferences bring together researchers and key academics as well 

as industrialists and government/policy advisors working across the field of hydrogen 

and fuel cells in UK. The Hub also supports the University of Birmingham on the 

organisation of their annual Fuel Cell and Hydrogen (FCH2) Technical Conference, 

which brings industry and academia together. The Hub is regularly promoted in other 

energy conferences through presentations, banners, leaflets and networking activities 

of the Hub coordinator and management board.

Figure 5.1 H2FC SUPERGEN Researcher Conference (Dec 2015) at the  
University of Bath.
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Figure 5.2 A presenter starting a three-minute-thesis (3MT) competition 
presentation, H2FC SUPERGEN Researcher Conference (Dec 2016) at the 
Ulster University.

Figure 5.3 Prof. Nigel Brandon (Director of H2FC Supergen Hub), with Vikrant 
Venkataraman, one of the winners of the H2FC SUPERGEN 2015 Researcher 
Conference poster prize, at the conference dinner in Bath Assembly Rooms.
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Figure 5.4 H2FC SUPERGEN Researcher 2016 Conference Dinner (Belfast City 
Hall) – Prof. Nigel Brandon (Director of H2FC Supergen Hub), Prof. Raffaella  
Folli (Ulster University Provost of Jordanstown), Alderman Brian Kingston  
(The current Lord Mayor of Belfast), Prof. Vladimir Molkov (Ulster 
University – conference host).

Figure 5.5 H2FC SUPERGEN Researcher 2016 Conference Dinner (Belfast City 
Hall) – Alderman Brian Kingston (The current Lord Mayor of Belfast), taking 
a group photo after he gives his speech.
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Figure 5.6 H2FC SUPERGEN Researcher 2016 Conference Dinner  
(Belfast City Hall).

5.2 ENGAGEMENT WITH INDUSTRY

The Hub management board engages with industry, predominantly through the Hub 

Advisory Board (industrial representatives), through the annually organised research 

forum (where principle investigators of the projects present the progress in their 

research) and other meetings/conferences. The industrial representatives are regularly 

consulted, via email, on decisions regarding strategic Hub activities and research 

projects to fund. The companies with representatives on the Hub Advisory Board are 

listed in section 2.2. Across the Hub, 36 industrial partnerships have been created 

in 27 Hub funded and challenge projects at the national and international level.

The H2FC Supergen Hub is very important 
in providing a way for industry to engage 
with academic research in the UK, enabling a 
constructive two-way conversation about critical 
research needs. I have been involved personally 
with the Hub as chair of its Industrial Advisory 
Board since its inception. I have seen at first 
hand the benefits that have accrued through the 
support of world-class research and the incubation 
scientific talent, alongside the Hub’s role in the 

coordination of research efforts and advocacy both in the UK and 
internationally. JM will continue to be an active supporter of the Hub, 
and will work directly with researchers in specific project themes.
Sue Ellis, Johnson Matthey



48 H2FC SUPERGEN: Five Years of Impact

5.3 ENGAGEMENT WITH THE GOVERNMENT

The Hub management and researchers engage with the Government and government 

funded institutions through the Advisory Board (e.g. Innovate UK, DECC, Scottish 

Hydrogen and Fuel Cell Association – SHFCA) and other representatives at Hub and 

external meeting/conferences. The Hub director, Management Board and coordi-

nator have all represented the Hub in numerous parliamentary group meetings and 

Hydrogen London meetings/events in the last five years. The Hub co-director John 

Irvine represented the Hub in developing the 2016 HFC UK Roadmap (sponsored by 

Innovate, DECC, SHFCA, UK Hydrogen and Fuel Cell Association (UKHFCA), and the 

Knowledge Transfer Network (KTN)). In addition, Prof. Irvine has chaired the Scottish 

Hydrogen Fuel Cell Association, which has had major impact in advising on policy 

for the introduction of, for example, fuel cell-powered buses in Scottish cities. The 

project has been running for a year directly impacting more than 36,000 members of 

the public every month.

The insights from the Challenge project Hydrogen’s Value in the Energy System 

(HYVE) have been presented to the BEIS heat team, who subsequently commissioned 

an infrastructure planning study to understand the implications of using hydrogen for 

heat in the UK.

5.4 INTERNATIONAL ENGAGEMENT

The Hub has endeavoured to have international outreach through the facilitation of 

international collaborations in projects and through the membership to the N.ERGHY 

(European Union FC Joint Undertaking). Prof. Robert Steinberger, a Hub Management 

Board member, represents the UK H2FC research community at this European organ-

isation. In 2014 a UK-Korea Workshop was held in South Korea, with Korea Institute 
of Energy Technology Evaluation and Planning (KETEP), to develop collaborative 

projects between the United Kingdom and the Republic of Korea (May 2014). This 

workshop resulted in the UK-Korea FC challenge Call (EPSRC £1.8M) and the fund-

ing of two projects, one on PEFCs and one on SOFCs. Dr Paul Dodds, a member of 

the Management Board has recently been appointed the BEIS delegate to represent 

the UK for hydrogen work at the International Energy Agency (IEA).
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6.1 IMPACT ON EARLY CAREER RESEARCHERS’ 
PROFESSIONAL DEVELOPMENT

In order to support and advance the research undertaken by researchers at the begin-

ning of their academic careers the Hub provided funding (£100,000 each) for five early 

career researchers, working on hydrogen and/or fuel cells, to be principle investiga-

tors on projects awarded the Hub’s Flexible Funding.

The Hub is absolutely wonderful because it 
created a community of people working in the 
same area with similar interests, but at very 
different stages in their careers: there are senior 
professors who know exactly what the landscape 
looks like and what the pressing topics that 
need to be addressed are, and also people like 
myself, in the beginning of their careers, that 
have ambitious and unconventional ideas. 
I think that good things come out of this sector 

and the interactions that we have in the Hub. So, for me it was 
an allround very positive experience.

The other aspect is that the Hub trusted me with the first funding 
I’ve ever got as an independent academic, and that makes a massive 
difference to the things that you can do in your professional life: all of 
a sudden you can do meaningful research and you can go and talk to 
other people about it. It enabled me to build a track record of successful 
collaboration with the University of Cape Town in South Africa, which 
then contributed to me attracting a prestigious Leverhulme Trust 
research fellowship from the Royal Academy of Engineering. And all 
this was made possible by the Hub! So, I’m very glad for having had 
this opportunity and hope we can build on these interactions going 
into the future!
Dr. Denis Kramer University of Southampton

The Hub has had impact in supporting several post-doctoral researchers (PDRAs) 

to obtain academic post. Data from June 2016 showed that (until this date) 40 Post 
Doctoral Research Associates (PDRAs) have been on Hub projects: 11 went on to 
another PDRA position outside the Hub, 16 PDRAs went onto Academic positions, 
one went into Industry and 3 went onto government positions. At UCL, Dr. Paul 

Dodds (a co-author on all four White Papers & Definition of Green Hydrogen pro-

jects), Dr. Will McDowall (White Paper 1) and Dr. Nagore Sabio (researcher on the 

Hydrogen’s Value in the Energy System (HYVE) challenge project) were appointed to 

academic positions at UCL and Surrey. Dr. Valeska Ting, working on porous hydrogen 

storage materials at the University of Bath, was appointed an academic position at the 

University of Bristol (starting July 2016). Dr. Vladimir Demidyuk, working on hydro-

gen production from biogas at the University of Liverpool, took a Research Scientist 

position at Johnson Matthey (UK).
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Several PDRAs working on other Flexible Funding projects and Core Research have 

also made advances in their career. Dr. Sheila Samsatli, working on hydrogen systems 

modelling at Imperial College London (WP2) has been given the prestigious Prize 

Fellowship at Bath University (starting June 2016). Dr. Dueso working on hydrogen 

production at Newcastle University (WP5) has taken up an academic position at the 

University of Zaragoza.

Dr. Nuno Bimbo working on hydrogen storage systems at the University of Bath has 

been awarded a Lectureship at Lancaster University. Dr. Robert Dawson, working on 

solid state hydrogen storage materials at the University of Birmingham took up a post 

as Lecturer in Chemistry at the University of Sheffield (October 2015). Dr. Thiago 

Lopes working on PEFCs at Imperial College London moved to University of Sao 

Paulo, Brazil, to take up an academic position (2015). Also Dr. Christopher Zalitis 

working at PEFCs at Imperial College London took a job at the Johnson Matthey 

Technical Centre in Sonning Common. Dr. Zalitis helped transfer the technique 

developed in this project to Johnson Matthey. Dr. Amit Sinha working on SOFCs 

at the University of St Andrews took a post at the Bhabha Atomic Research Centre 

(BARC), Mumbai. April 2015. Dr. Jaime Massanet-Nicolau, working on biohydrogen 

production at the University of South Wales, will start a lecturer post in the School 

of Applied Science at the end of the project. Stevin Pramana, a PDRA working on 

control of structure, strain and chemistry: Route to designer interfaces at Imperial 

College London, secured a lectureship at Newcastle University.

Furthermore students and researchers funded through earlier phases of the Supergen 

have progressed to new careers in the sector. Dr. Paul Shearing, now a Senior Lecturer 

in Chemical Engineering at UCL and a co-investigator of a challenge project funded 

through the Hub, was a PhD student in the Fuel Cell Supergen. Dr. Qiong Cai, now a 

Senior Lecturer in Chemical Engineering at University of Surrey and PI of one of our 

flexible funding projects, was a research assistant in the Fuel Cell Supergen.

6.2 TRAINING THE NEW GENERATION OF SCIENTISTS 
AND PROFESSIONALS: IMPACT ON EDUCATION

The Hub has been instrumental in the training of PhD students through the Centre 

for Doctoral Training (CDT) coordinated by the University of Birmingham, and in the 

professional development of early career researchers working in hydrogen and/or fuel 

cell research across the country.

The Hub has provided support for the integration of a number of education and 

training activities between the Centre for Doctoral Training in Hydrogen, Fuel Cells 

and their Applications (CDT-H2FC) and the HFC SUPERGEN Hub. The Hub has 

supported the recruitment of PhD students onto the course: 40 PhD students have 

graduated and 28 are currently in training (funding was made available for 50 PhD 

students over 5 years). The Hub enabled access to CDT-H2FC taught modules to Hub 

students and early career research staff, including: “Materials for hydrogen and fuel 

cell technologies”, “Materials for sustainable environmental technologies”, and 

“Materials for Energy Generation and Storage”, and “The Energy System”. Links 
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were developed between the CDT-HFC and other UK postgraduate programmes 

through module exchanges, e.g. Hydrogen Safety Engineering module at the Ulster 

University was fully integrated into CDT curriculum. The JESS Summer School was 

established and made part of the CDT curriculum. The Hub has promoted collabora-

tion between PhD research projects, by supporting access to facilities and expertise 

through student placements at Hub partner institutions.

My experience with the CDT has been a wholly 
positive one. It has enabled me to regularly see and 
network with other young researchers and develop 
an understanding in the field of study I am in with 
greater breadth of knowledge than if it didn’t exist.

I particularly enjoy the focus on further learning, 
networking, and the ability to meet and talk to the 
entire academic spectrum from across the country.

The programme helps by allowing me to speak to fellow researchers I 
otherwise might not get to speak to. Furthermore, the taught component 
of the course is beneficial as it allowed me to learn things taught by 
professionals that I otherwise would have to learn by myself – which is 
really helpful and makes for a better learning experience.
Graham Stevenson, CDT student, Fuel Cells and Their Fuels course

6.3 FUTURE WORK

The Hub will continue to have significant benefit to the academic community, in 

particular those working in hydrogen, fuel cells, energy materials, energy systems, 
distributed generation, energy storage, low carbon heat, low carbon transport, and 

energy policy. All research in, and linked to, the Hub will be disseminated interna-

tionally in the very highest quality and impact journals, and at national and interna-
tional conferences, meetings and workshops. All Hub partners are experienced and 

committed disseminators of their research. Peer-reviewed journal and conference 

papers, in particular, will constitute the academic evidence base required to inform 

and shape future H2FC research strategy and policy nationally, and contribute to 

the global academic community in this field and in the broader energy sector.

As well as specific research challenges the Hub will continue to build an inclusive, 
multi-partner, multi-institution network in the UK across traditional discipline 

boundaries, for example between the physical and social sciences. Not only will 

these aspects integrate the Hub’s research activities, they will provide opportuni-

ties for partners to challenge ideas and concepts which are not always available 

in smaller-scale projects. This is a significant value-added element to the pro-

gramme that will ensure maximum academic impact.

Hub research, and associated projects to follow, will range from fundamental 
molecular science to integrated systems, with full attention given to safety and 
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the socio-economic implications of a transition to an energy system employing low 
carbon technologies employing hydrogen and fuel cells. 

By these means our Hub will continue to establish and sustain a 
profile for academic excellence and impact in the H2FC sector that 
will make significant and enduring positive contributions to the 
UK’s international reputation for energy research.
Prof. Nigel Brandon, H2FC Hub Director

Through our structured networking activities we will engage widely across the 

academic community in the UK and internationally. Our research and our technol-

ogy workshops will provide opportunities to initiate and enhance collaboration 

with other energy sectors such as electrical systems, CCS, energy storage, biomass and 

renewables. All our networking activities will be supported by a strong Web presence.
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APPENDIX A: 
INDUSTRIAL PARTNERS

Company
Advisory Board (AB), 
Flexible Funding (FF) 
or Challenge Calls (CC)

AFC energy, UK AB, FF, CC

Alternative Energies and Atomic Energy Commission, France CC

Advanced Gas Analysis Solutions (AGC), Ireland CC

Air Products , UK AB

Alsi Tech, Canada CC

Amalyst, UK CC

Arcola Energy, UK AB, CC

BAE Systems CC

BDR Thermea Group CC

Cambridge CMOS, UK CC

Ceres Power, UK AB, CC

Doosan Babcock, UK AB

E4Tech, UK AB, CC

Energy Technologies Institute, UK AB

Euro Energy Solutions Ltd FF

GL and Eminate CC

Haldor Topsoe A/S CC

Hankook tyre, Korea CC

Haydale Composite Solutions Ltd., UK CC

HCT group, UK CC

Hexis AG, Switzerland CC

Hydrogen Efficiencies Technology (HyET), Netherlands FF

Hyundai Hysco, Korea CC

IE-CHP (UK & Eire) Ltd CC

Intelligent Energy, UK AB, FF, CC

ITM Power, UK AB, CC

Joint Research Centre, European Commission CC

Johnson Matthey, UK AB, FF, CC

Lincoln Composites, USA CC
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Ricardo plc, UK AB

Rolls Royce Fuel Cell Systems AB, CC

RTX corporation, Korea CC

Scotia Gas Networks, UK CC

Siemens, Germany CC

Unicorn Power Ltd, UK FF

Table 5. Non-Industrial Partners

Department of Energy and Climate Change AB, FF, CC

EPSRC AB

Health & Safety Laboratory AB

Hydrogen London, UK CC

National Physical laboratory (NPL), UK AB, CC

Scottish Hydrogen and Fuel Cell Association, UK AB, CC

Innovate UK AB

Academic Partners (Non-UK)
1. University of Cape Town (Dr. Leveque) – South Africa
2. Zhejiang University (Prof. J. Zheng) – China
3. Yonsei University (Prof. I.Moon) – Republic of Korea
4. Hanbat National University (Prof. K.Y. Kim) – Republic of Korea
5. Kyushu University, IC2NER – Japan
6. Soongsil University (Prof. K.W Park) – Republic of Korea
7. Technical university of Denmark (DTU) – Denmak
8. Massachusetts Institute of Technology (MIT) – USA
9. Korea Institute of Energy Research – Republic of Korea
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APPENDIX B: 
SCIENCE BOARD

Bath
• Dr. Andre Burrows, Reader
• Dr. Marcelle McManus, Lecturer
• Dr. Valeska Ting, Lecturer

Birmingham
• Dr. Paul Anderson, Reader
• Prof. Rex Harris, Professor
• Dr. Kyle Jiang, Professor
• Dr. Para Rodriguez, Lecturer
• Prof. Peter Slater, Professor

Cambridge
• Professor John Dennis, Professor
• Dr. Bartek Glowacki, Professor
• Dr. Vasant Kumar, Senior Lecturer
• Dr. Stuart Scott, Lecturer

Imperial College London
• Dr. Ainara Aguadero, Lecturer
• Prof. Alan Atkinson, Chair in 

materials chemistry
• Dr. Paul Fennell, Senior Lecturer
• Dr. Adam Hawkes, Lecturer
• Dr. Klaus Hellgardt, Reader
• Prof. Geoff Kelsall, Professor
• Prof. John Kilner, Professor
• Prof. Kang Li, Professor
• Dr. Greg Offer, Lecturer
• Dr. Stephen Skinner, Reader
• Prof. Nick Tyler, Professor
• Prof. Nick Tyler, Professor
• Prof. Claire Adjiman, Professor

Loughborough
• Prof. Rui Chen, Professor
• Dr. Thomas Jackson, Senior Lecturer
• Dr. Lisa Jackson, Lecturer
• Prof. W Malalasekera, Professor
• Prof. Rob Thring, Professor

Manchester
• Dr. Arthur Garforth, Senior Lecturer
• Dr. Stuart Holmes, Senior Lecturer
• Dr. Konstantinos Theodoropoulos, 

Reader
• Prof. Chris Whitehead, Professor

Newcastle
• Prof. Paul Christiansen, Professor
• Prof. Keith Scott, Professor
• Prof. Mark Thomas, Professor

Nottingham
• Dr. Carol Eastwick, Assistant Professor
• Prof. David Grant, Professor
• Prof. Gavin Walker, Professor
• Dr. Darren Walsh, Lecturer

Oxford
• Dr. Mamdud Hossain, Reader in 

Thermofluids and Theme Leader in 
Energy, Environment

• Prof. Bill David, Professor, STFC/ 
University of Oxford

• Dr. Martin Owen Jones, Researcher, 
RAL/ University of Oxford

St Andrews
• Dr. Richard Baker, Lecturer
• Dr. Mark Cassidy, Senior 

Research Fellow
• Dr. Paul Connor, Senior Research 

and Teaching Fellow

Strathclyde
• Dr. Iain Burns, Lecturer
• Prof. Walter Johnstone, Profesor
• Prof. Shanwen Tao, Professor

Surrey
• Prof. Fraser Armstrong, Professor
• Dr. Qiong Cai, Lecturer
• Prof. Matt Leach, Professor
• Dr. Jhuma Sadhukhan, Lecturer
• Prof. Bob Slade, Professor
• Prof. John Varcoe, Professor

UCL
• Dr. Paolo Agnolucci, Lecturer
• Dr. Dan Brett, Senior Lecturer
• Prof. Richard Bucknall, Professor
• Prof. Julian Evans, Professor
• Prof. Xiao Guo, Professor
• Dr. Paul Shearing, Lecturer

Ulster University
• Dr. Paul Joseph, Senior Lecturer
• Dr. Dmitriy Makarov, Reader
• Dr. Svetlana Tretsiakova-McNally, 

Lecturer



Other Universities
• Dr. Johannes Kiefer, Lecturer, 

Aberdeen University
• Prof. Poopathy Kathirgamanathan, 

Chair in Electronic Materials 
Engineering, Brunel University

• Prof. Malcolm Eames, Professor, 
University of Cardiff

• Prof. Neil McKeown, Professor, 
University of Cardiff

• Dr. Ben Thorber, Lecturer, 
Cranfield University

• Dr. Rupert Gammon, Senior Research 
Fellow, De Montfort University

• Prof. Rod Jones, Professor, 
University of Dundee

• Prof. Giuliano Premier, Professor, 
Glamorgan University

• Prof. Duncan Gregory, Professor, 
University of Glasgow

• Dr. Richard Dawson, Lecturer, 
Lancaster University

• Dr. Jung-Sik Kim, Lecturer, 
Loughborough University

• Prof. Peter Kelly, 
Professor, Manchester 
Metropolitan University

• Dr. Wen-Feng Lin, Reader, 
Queens, Belfast

• Dr. Carlos Fernandez, Lecturer, 
Robert Gordon University

• Dr. Mamdud Hossain, Reader 
in Thermofluids, Robert 
Gordon University

• Prof. Peter Hall, Professor, Sheffield
• Prof. Alan Guwy, Professor, 

South Wales
• Dr. Dennis Krammer, Lecturer, 

University of Southampton
• Prof. Andrea Russell, Professor, 

University of Southampton
• Dr. Spyros Skarvelis-Kazakos, Lecturer, 

University of Greenwich
• Dr. Ioannis Ieropoppoulos, Associate 

Professor, University of Bristol
• Dr. Alison Parkin, Lecturer, 

University of York
• Prof. Chris Pickett, Professor, 

University of East Anglia
• Dr. Tina Düren, Reader, University 

of Edinburgh
• Dr. Meihong Wang, Reader, 

University of Hull
• Prof. Mark Ormerod, Prof, 

University of Keele
• Dr. Valerie Dupont, Reader in 

LC Energy, University of Leeds
• Dr. Xin Tu, Lecturer, University 

of Liverpool
• Prof. Keith Ross, Professor, 

University of Salford
• Prof. Jennifer Wen, Professor, 

University of Warwick
• Prof. Martin Wills, Professor, 

University of Warwick
• Dr. Hazel Hunter, Researcher, 

STFC/RAL
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THE HYDROGEN AND FUEL CELL RESEARCH HUB

This report has been commissioned by the UK Hydrogen and Fuel Cell (H2FC) 

SUPERGEN Hub to present the key activities and achievements of the Hub in the 

period April 2012 to April 2017. 

The Hydrogen and Fuel Cells (H2FC) SUPERGEN Hub is funded by the Research 

Councils UK Energy Programme, as part of the Government’s Sustainable Power 

Generation and Supply initiative. 

www.h2fcsupergen.com

For enquiries and to join the 

H2FC SUPERGEN please contact:

 

Dr. Zeynep Kurban 
H2FC SUPERGEN Manager

Energy Futures Lab 

Imperial College London 

London SW7 2AZ 

h2fc@imperial.ac.uk 

Tel: +44 (0) 20 7594 5850 

www.h2fcsupergen.com
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