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BACKGROUND

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

SUPERGEN Hub to examine the potential economic impact of hydrogen and fuel 

cell technologies on the UK Economy – including early macroeconomic modelling 

of the impact of the replacement of refined fossil fuels with hydrogen in the UK 

transport sector.

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

hydrogen and fuel cells research community, with around 100 UK-based academics 

supported by key stakeholders from industry and government. It is funded by the UK 

EPSRC research council as part of the RCUK Energy Programme. This paper is the 

fourth of four that were published over the lifetime of the Hub, with the others exam-

ining: (i) low-carbon heat; (ii) Energy security, and (iii) future energy systems.
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1. RATIONALE FOR WHITE PAPER AND USING HYDROGEN FOR 
TRANSPORT TO DEMONSTRATE THE ECONOMIC POTENTIAL OF THE 
WIDER HYDROGEN AND FUEL CELL SECTOR

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

sents a demonstrably significant economic opportunity to the UK. The White Paper 

is presented to provide a clearer picture on the importance of hydrogen and related 

technologies and its economy-wide benefits. Particularly in the light of the widely 

accepted view that; “historically, we [the UK] have not been as successful at commer-
cialisation and development as we have been at basic research.” (DBEIS, 2017)1

The white paper makes an assessment and limited early macro-economic analysis of 

the likely impact of an emergent hydrogen and fuel cell sector to support particularly 

private transport on the UK economy. Whilst many of the key industries are cur-

rently nascent and, hence difficult to quantify future impacts, a telling and indicative 

analysis of the likely impact can be achieved by considering the impacts of replacing 

refined road transport fuels by hydrogen.

Hydrogen is disruptive in that for the first time a single energy vector could be used 

and transferable across traditional energy markets which are currently distinct and 

separated by their need for different fuels or energy input types. Early markets will 

undoubtedly be driven by applicability and environmental considerations; however, 

our purpose here is to assess potential implications of mass market uptake, using 

hydrogen and road transport as an exemplar. This is because hydrogen as a road 

transport fuel may offer the greatest value proposition – hence it is a driver for large 

scale implementation which can lead the way for other hydrogen and fuel cell mar-

kets. Notwithstanding future policy intervention, and on the basis of a given price for 

hydrogen production and supply, early mass implementation will focus on the appli-

cations which offer the highest returns before seeking to supply lower margin mass 

applications and markets. 

An approximation of the relative value hierarchy for energy in consumer mass 

markets for heat, electricity and road transport respectively is laid out. This was 

based on current, fully taxed, average UK prices paid by consumers for delivery of the 

energy/work per kWh. Subject to important qualifications, on a per kWh delivered 

basis and for heat, electricity and transport the relative values are given in the 

table below. 

Heat Electricity Transport

Current energy supply vector 1 3.3 9.8

Via Hydrogen 1 1.6 3.9

Relative consumer values for heat, electricity and transport per kWh using current energy supply 

vectors and hydrogen. 

1   Building Our Industrial Strategy, Green Paper, Department of Business, Energy and Industrial Strategy 
(BEIS), 2017.
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The relative values for energy in the categories are significantly different and these 

relative values inform the (time-constrained) decision to focus the the paper’s mod-

elling work on the operational elements of hydrogen replacing fossil fuels in the UK 

consumer mass market for transport. The relative value ratios can be expected to 

inform rational market and investment behaviour. 

It is extremely important to understand that although the production and domestic 

(UK household) use of transport fuel has formed the main focus of modelling work in 

this paper, essentially the same ‘economic multiplier’ effects will be relevant in respect 

of producing hydrogen for other applications also. Transport is expressly not being rec-
ommended as the only UK market for hydrogen. The key point is more that its relative 
value in the transport market will act to drive economies of scale and the widespread 
availability of hydrogen – which can then be widely exploited in other applications. 
It should also be noted that those ratios can also change markedly in respect of other 

countries which have different approaches to energy taxation (in particular) and thus 

there are potential export destinations for UK-made products which may be much more 

attractive value propositions there than they might be in the average UK situation. 

2. HEADLINE FINDING: POTENTIAL FOR ECONOMY-WIDE GAINS 
THROUGH DOMESTIC UK SUPPLY CHAIN ACTIVITY 

The paper’s headline finding from modelling in respect of the private transport 

sector is that a significant 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 hydro-

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

involved in a potentially strong domestic supply chain. 

This finding derives mainly from the intrinsic increase in energy conversion  

efficiency in the change of vehicle type, in conjunction with the UK’s current sig-

nificant reliance on importing refined fuels (leakage to the UK economy) and the 

relative low amount of domestic UK economic activity per unit output associated 

with the UK’s indigenous refined fuels sector. Specifically, the current supply chain 
for petrol and diesel is highly import-intensive. In contrast, where hydrogen could 

be produced using electrolysis and/or exploiting current gas supply networks, 

there is potential for development of strong domestic hydrogen supply chain rela-
tionships within the UK. The strength and impacts of supply chain activity on UK 

value-added (GDP) and employment are assessed in terms of economic ‘multipliers’. 

In this paper potential multipliers for hydrogen are assessed using proxies defined 

by the existing UK gas and electricity supply sectors. In both cases the strength of 

the multipliers and impacts on GDP and employment throughout UK supply chains 

are much stronger than is the case for the UK refined fuels sector.

Rather than offering/suggesting actual economy-wide estimates and making predic-

tions regarding key macroeconomic indicators, which would necessarily involve 

predictions on investment and other elements, figures produced in this paper give 

a general indication of the direction of travel and its approximate scaling only. 
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Qualifying assumptions include the extent of HFC vehicle uptake and it has been 

assumed that most of the UK private vehicle fleet switches over to HFC vehicles by 

2050. A significant proportion of vehicles may become battery-electric, with this con-

tingent on a marked increase in battery capacity which is difficult to assess. However, 

given that for battery-electric vehicles the primary energy source will be electricity 

generation, one of the proxies chosen in study will apply to some extent in either elec-

tric or hydrogen fuel cell cases, with a broadly similar direction of travel for the UK 

economy emerging. 

Other qualifications include uncertainty regarding the net balance of import and 

export of HFC vehicles and of the potential need to import more gas and reduced 

import of refined fuels. It is assumed that investment in HFC infrastructure is at the 

same level that would otherwise be needed to replace existing refined fuels capacity. 

That is, the modelling is concerned with operational impact rather than impacts 

of required capital expenditure and investment activity. Potential vehicle (and 

other appliance) consumer price premiums are difficult to be definitive on and it is 

assumed that purchase prices are as current. Whilst that assumption is unrealistic 

today, HFC and other vehicle prices are expected to largely converge over the next 

two decades. 

Variation of the qualifying assumptions would require a considerable amount of 

additional modelling work. Undertaking this work would be very worthwhile.

3. APPROACH AND WIDER INSIGHTS OF THE WHITE PAPER

Following a general introduction to the hydrogen and fuel cell sector and a survey of 

the existing UK energy, the paper notes that hydrogen and HFC technologies are not 

a silver-bullet, but one of a suite of existing and emerging technologies likely to form 

the UK’s energy future. 

The paper indirectly questions the likelihood that hydrogen will be used in the near 

term as a heat vector on the basis of additional cost implied and simple market eco-

nomics – whereby higher value transport and energy storage applications are likely 

to have to be fully sated before hydrogen becomes cheap enough for use in heating. 

Carbon capture and storage cost will narrow the currently understood cost advantage 

of natural gas-derived hydrogen over electrolysis. 

The input-output macroeconomic technique used for supply chain multiplier analy-

sis, employing standard industrial classifications to define individual and interacting 

sectors, and using input-output accounting tables, is described before going on to model 

and assess the impact of switching from refined transport fuels to hydrogen (as above).
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Figure ES1 Schematic input-output table.
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Both a general description of and modelled supply chain assessment finds that the 

UK is well placed to benefit significantly from a switch from refined fuels to hydro-

gen in private transport. Whilst the UK is not world-leading in terms of having many 

successful core HFC companies, it is strong internationally in both its existing inno-

vation and supply chain interest and would obtain significant domestic value from 

a large service sector deployment element (which cannot be readily off-shored). The 

UK’s existing gas and electricity sectors provide the best proxies for an HFC sector but 

their use is likely to understate the amount of economic impact an actual HFC sector 

would have due to the requirement of additional innovation and technological devel-

opment (for example, with respect the intrinsic role of CCS – which will bring its 

own supply chain requirements – in a hydrogen economy). Moreover, in terms of the 

research and development requirement to bring ‘game changing’ technologies to eco-

nomic and practical reality, it must be noted that Scientific research and development 
(including academic research) is seen to have among the highest of all economic 
multipliers and is key to maintaining the development of high value innovation.

However, there is a strong foundation already existing in the UK economy. The bulk 

of the HFC supply chain comprises of components already common to the existing 

electricity and gas sectors. Thus, the UK already possesses a significant element of 
the HFC supply chain in terms of both manufacturing and services activity. 

Similarly, what will be the UK’s core HFC companies are likely to employ many of the 

same components, skills and fabrication techniques already present in other extant 

UK manufacturing, including automotive, industries. It is reasonable, therefore, to 

expect that the development of core HFC will generate significant GDP and employ-

ment value in much the same way that was demonstrated in transport fuel supply and 

automotive manufacture.
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Multiplier (activity per £1million final  
consumption demand)

SIC Sector/industry name Output
(£million)

Value-added 
(£million)

Employment 
(FTE jobs)

Wage income 
(GDP) (£million)

29 Manufacture of motor 
vehicles, trailers and semi-
trailers  

2.35 0.80 13.61 0.54

19 Manufacture of coke 
and refined petroleum 
products (refined fuels 
supply)

1.47 0.33 2.93 0.19

35.1 Electric power generation, 
transmission and 
distribution (hydrogen 
supply proxy 1)

2.56 0.78 8.05 0.32

35.2 Manufacture of gas; 
distribution of gaseous 
fuels (hydrogen supply 
proxy 2)

2.25 0.81 8.04 0.32

41–43 Construction 2.31 1.01 19.20 0.57

45 Wholesale and retail 
trade and repair of motor 
vehicles and motorcycles  

2.10 1.07 20.38 0.72

72 Scientific research and 
development

2.39 1.29 25.31 1.00

Table showing weak Value-Added (GDP) and Employment (full-time equivalent jobs) multipliers in the 

refined fuels sector compared to others relevant to a Hydrogen and Fuel cells sector (based on 2010 

UK input-output accounting data).

4. UK AUTOMOTIVE SECTOR 

The UK would be wise to strongly build up its HFC automotive and transport sector 
to take advantage the potential for wider economic expansion through strong UK 
supply chain opportunities. This recommendation is consistent with proposals out-

lined in the January 2017 UK Government Green Paper on ‘Building Our Industrial 

Strategy’ (BEIS, 2017).

It is also crucial to avoid being left behind by other vehicle manufacturing countries 

in developing a strategy that builds on a basis of ‘make not buy’ in the introduction of 

new technologies. Nonetheless, this must involve caution in not ignoring and sup-

porting other options for hydrogen that transport will draw in its wake. For example, 

if the UK promotes and pursues the role of hydrogen in transport, it is likely that the 

emerging market will begin to pull other applications – particularly regarding provi-

sion of heat – along with it. Of course, the UK also needs to be ready and able to take 

advantage of the follow on applications and hence should adequately support the 

development and early deployment of those applications also.
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5. ENERGY STORAGE

Energy storage is the subject of increasing attention in the context of electricity 

generation. However, the paper considers how hydrogen is arguably a key enabler 

for energy storage thanks to its ability to time-shift when renewables (in particu-

lar) are available to when there is demand for electricity. The value proposition for 

hydrogen and fuel cell re-generation would be much stronger if energy storage in the 
UK was better valued generally. Energy storage will become increasingly important 

as more and more intermittent/variable primary generation facilities come on line 

and indeed will enable further renewables. The UK should act to support energy 

storage in a much stronger way and perhaps especially on scales which are smaller 

and better distributed than large scale pumped hydro facilities. Meeting demand 
locally reduces the need for long distance transmission and for expensive grid 
reinforcement. It also results in increased local energy security. The issue around 

a lack of concrete UK support for energy storage equally impacts battery and other 

means of storage. 

6. SKILLS

The type of jobs and skills required to develop a widespread UK HFC sector were con-

sidered. The UK is well placed in terms of skills and the ability to train for a vibrant 

HFC sector – it is very much a matter of ‘evolution rather than revolution’. 

The UK already has a solid compliment of the required skills deriving from its existing 

energy sectors, e.g. oil & gas and electricity generation; from the UK chemical pro-

cessing sector and from its automotive sector (manufacturing and service). The new 

modelling work in the paper shows that, in shifting from petrol and diesel to hydrogen 

for private transport we can expect numbers of those with such skills employed in HFC 

(and related supply chain work) to increase. This is mainly as a result of supply chain 

jobs being repatriated due to reduction of import of refined fuels. On the other hand, 

vehicle service jobs will probably change rather than see a net gain or loss. The number 

of vehicle manufacturing jobs will probably remain similar if the UK captures ‘its pro-

portion’ of the new HFC component (and/or supply chain) production assuming that 

the UK vehicle import/export balance remains similar to that currently. However, any 

growth and increased exports in this sector would of course change that positively. 

The formal skills provision requirement will see a mixture of commercial in-house 

training and retraining (including CPD), a relatively small number of new college 

NVQ/SVQ modules and some extension/modification of existing graduate and 

post-graduate programmes. 

7. COORDINATION AND CLUSTERING

Consideration of the formation of one or more UK HFC industrial cluster(s) believes 

that successful clustering would mainly be concerned with proximity to local con-

centration of knowledge and skills – rather than an ease of access to traditional heavy 

engineering resources type model. Visibility of clustering provides a strong focus for 
investors and financial services interest and provides the type of ‘anchor’ business 
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activity for domestic UK supply chain development promoted in the January 2017 

Green Paper on ‘Building our industrial strategy’. 

Geographically the UK offers a number of relatively obvious areas in which cluster-

ing may be successful and employed to nucleated the growth of a widespread UK 

HFC sector. Specific areas are identified in all four of the home nations. The paper 

introduces the idea is of developing two types of hubs. One is aimed at dealing with 

heavily urbanised areas which will, at least initially, mainly employ natural gas 

as its primary energy source. The second focusses on developing renewables (and 

electrolysis) capacity in areas rich in renewable resources which are liable to be less 

heavily populated. 

UK coordination and support for an emergent HFC sector is somewhat scattered 

between a number of relevant agencies, including transport, business, energy and 

academia. Germany chose to form a single national agency – Nationale Organisation 

Wasserstoff und Brennstoffzelle [NOW] – to coordinate and support its emerging  HFC 

sector, drawing on expertise and ring-fenced funding from each of the main relevant 

agencies. Such a body is better suited for dealing with the type of cross-cutting issues 

that HFC presents to any country, including the UK. The formation of a UK agency 

similar to that in Germany is strongly recommended. 

8. THE UK’S PLACE IN THE WORLD

Due to HFC emerging as a largely globalised sector from its beginnings, the UK 
already has a number of key supply chain players as well as a number of companies 

producing/supplying core HFC and related equipment. There is already evidence 
of export. 

How the UK might fair in a fully developed global HFC sector is difficult to assess 

so early in its emergence, but there clearly will be value obtained for the UK. As noted 

above, it is important that the UK incentivises the capture of as much core HFC busi-

ness as possible if it is to maximise eventual export value. The UK automotive manu-
facturing sector is probably the key to that in terms of generating economies of scale. 

Service sector aside, the generation and retention of IP will play a very significant 

role in maximising economic benefit to the UK. Whilst legally protectable IP will play 

a role, in overall IP retention the largest factor will be the education, training and 
retention of highly mobile and highly skilled persons who will provide the main 

fuel for innovative UK-domiciled businesses. 

The UK’s international context in respect of an emergent HFC sector has altered radically 

since this paper was planned on account of the result of the Summer 2016 referendum 

on EU membership. Europe, including the UK, has been developing its HFC sector as a 

shared/joint exercise and the UK has had a great deal of success in acquiring EU support 

for both fundamental research/innovation and demonstration projects. Such success 

can be found from the London hydrogen bus projects in the South to the current Big-

Hit project in the Orkneys to the North. Government and public support has not simply 

been in the form of funding: development projects in the UK have been delivered in 
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collaboration with many EU states just as the UK has had participants in many homed 

in other member states. It is difficult to understate the importance of the collaborative 

approach to UK companies, academia and public/3rd sectors. The UK’s continuance in 

EU HFC development programmes after some fashion, perhaps in the manner of Norway 

or Switzerland, should be given very serious consideration as the Brexit situation devel-

ops. As a nascent sector, patterns of production and wealth creation are currently being 

established and the UK could suffer if its indigenous players are at a disadvantage to 

their EU counterparts who will retain the ease of collaboration and market access. 

No longer being an EU member does offer some potential advantages. For instance, if 

the UK government can develop its own incentive and support schemes, the elimina-

tion of the need to comply with EU State-Aid requirements offers significant potential 

to direct and invest heavily in the establishment of strong a domestic market(s). 

Irrespective of the UK’s EU membership status, it should be noted that many UK HFC 

companies have strong links with Japanese, SE Asian and US and whilst Europe has 

been very important in terms of R&D and is an extremely valuable potential market for 

potential UK exports that there are wider opportunities. 

9. LIST OF RECOMMENDATIONS OF THIS WHITE PAPER

1. Other than ‘procurement’ the development of a strong domestic HFC sector and 

market (including export) aligns well with 9 of the 10 strategic pillars of the UK 

Government’s January 2017 Green Paper on ‘Building our industrial strategy’. 

This is most, but not exclusively, apparent in this white paper’s insights on the 

potential for economic expansion through the development of stronger UK supply 

chain activity in our energy supply particularly in the context of replacing petrol 

and diesel fuelling of private transportation with hydrogen sources. 

2. The UK Government should consider very carefully the idea of setting up a UK  

Hydrogen (and Fuel cells) Agency charged with coordinating support for a 

UK HFC sector. The role of such an agency may involve dealing with relevant reg-

ulation, formal training and similar administrative aspects. Funding could be ring-

fenced from relevant UK departments (transport, energy, environment, industry 

et sim.). The German NOW agency makes a good example to follow. 

3. The UK Government must be aware that the public sector, 3rd sector and academia 

has been significantly reliant on EU support in respect of HFC and may want to 

consider seriously the option of ‘buying into’ the relevant EU programmes follow-

ing Brexit. Norway and Switzerland serves as potential examples of how this could 

be done, whereby their national governments agree to cover the public support 

element of the costs of participation by their own nationals. Equally, any UK-EU 

arrangement would also wisely allow UK companies to participate in and access 

EU early-deployment markets/programmes. 

4. The UK Government should recognise that ‘UK HFC’ offers strong potential 

export earnings. Relationships already exist between UK HFC businesses and 

companies/organisations in North America, Asia and Japan, strengthening these 
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and the development of others would be wise. Further inwards investment could 

and should be sought. UK HFC businesses would benefit from joining trade 

missions in particular.

5. As and when EU-State Aid regulations cease to apply, the UK Government is 

advised to consider boosting support to UK HFC businesses to levels the regula-

tions would have otherwise prevented. The sector is facing strongly entrenched 

incumbency in the existing energy markets and often extremely high development 

costs. UK core HFC companies are largely still SMEs and they will struggle in the 

face of competition from Japanese and other SE Asian conglomerates which have 

immense market power, exceptional internal R&D capabilities and a capacity to 

raise R&D finance which few UK SMEs can match. Many are also closely linked 

to state-funded research facilities. Such action would level the playing field to 

some extent. 

6. In relation also to Recommendation 5, additional tax and investment instruments 

would also help to bolster the probability of UK HFC businesses growing beyond 

SME scale. 

7. The UK automotive sector should be strongly encouraged to ensure that it stays 

abreast of developments in HFC vehicle manufacture and does not become left 

behind by Japanese and German manufacturers in particular. The UK has invest-

ed heavily in the automotive manufacturing sector and it is essential that this 

public investment is protected by the speedy evolution of the UK sector into HFC 

vehicles. The UK Government, via its Automotive Council (Government-Industry 

body), can drive this by means of its input to that existing investment and support 

structure. There could be substantial merit in linking an HFC Industrial cluster 

directly to that state investment. Potential partnership deals could be pursued, 

possibly involving additional inwards investment. 

8. Domestically the establishment of one (or more) HFC cluster(s) should be given 

priority. This will accelerate the UK’s ability to develop a valuable domestic HFC 

market which cannot readily be relocated off-shore. The idea of two such (linked) 

clusters has merit, with one focussing on densely populated urban deployment 

and a natural gas energy base, with the other focussing on exploiting renewables 

opportunities (usually) in less densely populated areas. Potential for the devolved 

governments on partnering with the UK Government on the latter in particular 

should be explored.

9. The UK is not homogenous in terms of its energy production or markets. The UK 

Government should give serious consideration to developing nuanced regional 

support programmes capable of incentivising local investment based on their par-

ticular energy circumstances. This is subtle and would require work, but it is about 

supporting appropriate levels of local supply and demand and preventing costly 

imbalance in the form of new grid capacity investment. Potential for the devolved 

governments on partnering with the UK Government on the latter in particular 

should be explored.
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10. The UK Government should move swiftly to properly incentivise investment 

in energy storage generally. All forms of energy conversion suffer physical losses 

and those physical losses can result in actual financial loss upon regeneration. 

Very few significant scale storage facilities (of any kind) have been built for dec-

ades and it is evident that the market, as is, is incapable of driving such invest-

ment. Arbitrage can work for larger scale facilities, but small local storage has 

very little chance of repaying its investment within acceptable periods currently. 

Incentivising storage should focus mainly on smaller local scale storage as suffi-

cient quantities of this on grid will reduce the need for costly grid reinforcement. 

The incentivising of storage should probably be technology neutral.

11. The UK national and devolved Governments should ensure that their further 

education sectors are aware of an emergent HFC sector and are ready to work 

with trade, industry and relevant official bodies to develop appropriate NVQ/SVQ 

HFC training modules for college students and retraining/CPD offerings for those 

tradespeople and professionals who may need to adapt. 

12. The Higher Education sector, from which much UK HFC development has 

emerged, is better aware, but not all institutions have been involved and where ap-

propriate encouragement could be given by state agencies for them to keep abreast 

of developments/requirements.
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