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Industrial Strategy

Five foundations:

• Ideas - R&D

• People - skills

• Infrastructure

• Business environment

• Places

Two relevant Grand Challenges:
– Clean growth

– Future of Mobility

Currently, there is one mission 
currently for each challenge (e.g. 
halving the energy use of new 
buildings by 2030).

ISCFs provide smaller-scale support to 
consolidate existing activities.



Industrial strategy: criteria for support

The UK Government is primarily interested in high-value jobs, 
economic benefits and balance-of-trade improvements from 
the industrial strategy.  

Hydrogen and fuel cells would have to satisfy one or more of 
these underlying drivers going forward to attract support.



Project aims

Produce a concise report that:

1. Shows the potential importance of H2FC to the UK through scenarios of 
how H2FC can contribute to achieving long-term energy goals

2. Demonstrates the UK’s research and innovation capacity in H2FC 
technologies, through metrics such as patent and R&D expenditure data, 
and case studies.

3. Explores potential economic and societal benefits of H2FC innovation 
investments and technology deployments, including export potential.

4. Identifies actions to encourage successful innovation, based on a survey 
and interviews with academics and industrialists.



Potential importance of H2FC to the 
UK

Method: examining the potential role of H2FC technologies in the UK using a 
series of scenarios.

Key insights:

1. H2FC potentially has an important future energy role, even for a net zero 
target.

2. Hydrogen has a potential role in power-to-gas.  Would the resulting 
hydrogen be most valuable for road transport?

3. Hydrogen-fuelled heating could compete with and complement electric 
heating, at least in the period to 2060.

4. It is very difficult to identify the “best” low-carbon vehicle powertrain in 
the longer term.

5. There are potential international markets for H2FC technologies.



Insight 1: H2FC potentially has an 
important future energy role
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with an 80% GHG target?  26% of final energy consumption in 
2050



Insight 1: H2FC potentially has an 
important future energy role

What might be the impact of a net zero target?  Hydrogen share 
of final consumption in the same high hydrogen scenario for 
different targets:

Climate target in 2050 
(cut cf 1990)

Hydrogen share of final 
consumption

80% 35%

90% 34%

95% 33%

100% (net zero) 30%



Insight 1: H2FC potentially has an 
important future energy role

Hydrogen consumption by sector in 2050
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Insight 1: H2FC potentially has an 
important future energy role

• Hydrogen can have a role across the energy system.  But we 
need to be realistic.

• Hydrogen complements electricity – both for hydrogen 
production and electricity generation.  But it also competes 
with electrical technologies.

• Net zero is feasible with a large hydrogen contribution.  
Additional challenges for hydrogen, through reduced fossil 
fuels with CCS, but also opportunities for electrolysis and 
production methods using biomass.



Insight 2: Hydrogen has a potential 
role in power-to-gas

Work in progress.  Early findings:

• Can power-to-gas contribute to the UK energy system?  Yes

• Is it economic compared to alternatives and is there a large-
scale case beyond niches?  Questionable – maybe in net zero.

• Is there a need for large-scale, seasonal energy storage?  
Questionable.

• Can power-to-gas provide large amounts of low-cost 
hydrogen?  Unlikely to be cheap enough.



Insight 3: H2FC heating could compete 
with electric heating

Government enacts gas network conversion; consumers use hydrogen
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Insight 3: H2FC heating could compete 
with electric heating

Gas network conversion optimised; consumers must use hydrogen
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Insight 3: H2FC heating could compete 
with electric heating

Gas network conversion and consumer take-up cost-optimised
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Insight 4: It is very difficult to identify 
the “best” low-carbon powertrain

• Costs of many technologies are 
uncertain, and hydrogen and fuel 
cell technologies are close to 
being least-cost – hydrogen is 
used in many sectors and the 
overall cost differences are small.

• Non-cost issues such as vehicle 
range, refuelling time and loss of 
space in houses are important and 
consumers will pay a premium 
where necessary.

• There is an innovation race between 
technologies, with an uncertain outcome 
if we do not choose to pick what we 
believe will be winners.



Insight 5: Potential international 
markets for H2FC technologies

• KPMG Automotive Survey 2019.

• E4tech Fuel Cell Industry Review.

• Hydrogen Council reports.

But IEA are highly pro-electrification, and there is 
a lack of credible alternative studies.



Government needs to be on board

• DfT historically has not been interested in low-carbon – they 
have developed some recent interest in hydrogen for the 
Renewable Transport Fuel Obligation.

• BEIS have become interested in hydrogen for heating.  They 
have been given a role to pull together hydrogen policy across 
the UK Government, with a vision statement in mid-2019.

• CCC believe battery electric vehicles and heat pumps will 
dominate in the future.

• IEA take a similar view.



2. UK H2FC research and 
innovation capabilities



Public RD&D expenditure – research, 
development & demonstration
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Public RD&D expenditure (log scale)
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H2FC as a share of all public energy 
RD&D spending
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European funding: H2020 (2014-2020)

• Over €500m of funding for H2FC across the EU…

• …of which 53 UK-based partners have received €77m (13.8%) 
– Roughly equivalent to UK’s relative size (15% of EU GDP)

– Slightly below UK success rate in H2020 overall (14.5%)

• €58m has gone to UK industry, the rest to academia (€13m) 
and local gov. in demonstration projects (€5m)

UK firms do well, considering the weaker public investment…



European funding: H2020 (2014-2020)

• UK partners often take a leading role in collaborative projects 
(ranked second after France).

• UK partners have participated in half of collaborative projects 
– a similar rate to France and Italy, but behind Germany (who 
are involved in 75%).

• Post-Brexit:
– Treasury underwriting continuity of H2020 project involvement.

– But not yet clear how/whether UK will participate in next framework 
programme (post-2020).

– UK commitment to increase R&D expenditure to 2.4% of GDP.



InnovateUK funding
During same period (since 2014), InnovateUK has funded ~66 
H2FC projects, with a total value of £33m.  Also BEIS & Ofgem.
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Research base

UK has followed global trends - but UK volume of publications much lower 
than US, China & Japan, and behind Germany & South Korea

Global UK



UK academic research capacity

Research area Universities

High temperature fuel cells 10

Low temperature fuel cells 12

Hydrogen production 11

Hydrogen storage and safety 10

System design, modelling and 
socioeconomic analysis

10



Patents: fuel cells
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Global shift from focus on fuel cell design…



Patents: application of H2 and fuel cells 
to transport
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…to integration of H2FC into transport and other products 



Patents: hydrogen technologies (non-
FC)
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3. Potential benefits of H2FC 
innovation investments



Economic impacts

• An early assessment of the scale and type of 
impact hydrogen and fuel cell technologies 
could have on the UK macro-economy.

• Uses input-output modelling to examine 
economy-wide impacts of building new 
supply chains for these technologies and 
reducing supply chains for incumbent 
systems.

• Considers economic (£m) and employment 
impacts.

• Wider issues such as skills and industrial 
clusters are also examined.



What is a Multiplier?

Input-output - Multiplier Diagram



Electricity proxy

Summary of scenario 2 results 2025 2030 2050

% decrease in expenditure on refined fuels -43% -82% -100%

Change in spending on refined fuel (£m) -2,821 -5,373 -6,556

Change in GDP from contraction in refined fuel spending (£m) -941 -1,793 -2,187

Change in employment from contraction in refined fuel spending (FTE 

jobs) -8,274 -15,757 -19,225

Required spending on hydrogen proxy (£m) 1,208 2,301 2,808

Gross impact on employment from spending on hydrogen proxy (FTE jobs) 9,729 18,528 22,607

Net impact on GDP from fuel spending reallocation (£m) 0 0 0

Net impact on employment from fuel spending reallocation (FTE jobs) 1,455 2,772 3,382

Freed up funds for spending on hydrogen or other goods and services (£m) 1,613 3,072 3,748

The supply chain jobs (and GDP) in the proxies include jobs in the UK off-shore oil and gas extraction sector. If 
the resource used to produce hydrogen is not from the UK off-shore industry (SIC 6) then the employment and 
value-added components of the impacts calculated using either electricity or gas proxies would be reduced.

Partial reallocation of fuel spend to 
hydrogen proxy 1 (Electricity proxy)



Insights from input/output modelling

• If hydrogen supply could replicate the strong domestic upstream supply 
linkages of the current UK gas and electricity supply sectors, there are 
opportunities for economic expansion by adopting hydrogen for transport.

• However, much will depend on the continued role of fossil fuel extraction 
from the UK oil and gas extraction industry.



Other insights

• Supply chain implications are good, with much already in place and 
servicing other industry.

• Skills and training are an ‘evolution rather than a revolution’ and can be 
built on the basis of extant provision which supports existing industry.

• UK IP retention will mainly be about the retention of highly skilled and 
highly mobile innovators and employees.

• Establishing industrial clusters could enhance UK economic H2FC success.
– A cluster specialising in electrolysis H2 production for transport

– A cluster specialising in natural gas-based H2 production for other sectors

• Establishing a single cross-cutting support agency, similar to the German 
‘NOW’ organisation, might also be valuable.

• Export potential is substantial.  Could there be increased levels of UK state 
support possible following Brexit, in the absence of State Aid regulations?



Total cost of ownership for a new car 
in the future

35

Should we worry 
about the fuel cost?

Health note: to be updated…

Excludes 
taxes



Light-touch case studies

Other suggestions?

Ceres PowerITM Power



4. Actions to encourage 
successful innovation



Survey

• 30 firms across the UK – out of a total population of around 
200 firms with some activity in H2FC

• Representation across the supply chain

• Including both specialist H2FC firms and larger firms with a 
smaller involvement in H2FC



R&D and funding support

• InnovateUK and R&D tax credits are the most widely used 
forms of support for R&D.

• Survey respondents highlight that funding decisions/ 
processes are slow and excessively bureaucratic. 

• UK firms globally networked in their R&D activities: >60% of 
respondents had conducted joint R&D projects with a partner 
in Europe; 33% had done so with a partner in North America.

• Also widespread R&D partnering with universities (in UK and 
globally).



Sector sentiment
• Respondents to the survey generally positive about their 

own firms’ prospects 
– (half agree ‘competitive position relatively strong’); half describe 

prospects for own firm as “very optimistic”

• Widespread optimism about the sector as a whole:
– Though respondents generally see strongest growth potential 

overseas

• But: 
– Concerns about Brexit

– Worries that reliance on investment from China will result in 
leakage of UK IP

– Concern that UK may fall behind if policy support not forthcoming



Sector perceptions: relative strengths

• Most prominent UK strength: quality of R&D resources in 
universities

• Most prominent UK weaknesses: weak policy support for 
H2FC, access to finance, and availability of skills. 

• EU competitors seen as having better skills position and more 
supportive policy environment

• North America & East Asia seen as having stronger existing 
capabilities in H2FC technologies, and better access to 
finance. 

• East Asia seen as having much stronger policy support for 
H2FC



Areas not covered so far

• Is the UK picking winners, and is this appropriate?

• What is the value of keeping the hydrogen option open?

• What skills and numbers are needed for H2FC industries, and 
is the industrial strategy an appropriate vehicle to underpin 
these?  Which skills are transferable to H2FC?

We need to be realistic about strengths and weaknesses of the 
case if we are to be credible.



Next steps

• Evidence and comments are welcome.

• We will be synthesising the evidence into a report for 
publication in Spring 2019.

• Tell me if you’d like to review the draft report prior to 
publication.

• p.dodds@ucl.ac.uk

mailto:p.dodds@ucl.ac.uk


Thanks to:

• The project team at UCL:
– Will McDowall

– Daniel Scamman

– Antonio Velazquez Abad

• All the stakeholders who have contributed to the project



Thank you
p.dodds@ucl.ac.uk

www.bartlett.ucl.ac.uk/sustainable


