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Introduction

 Hydrogen is a low carbon alternative or substitute to traditional fossil fuels and can 
play a significant role in the integration of future energy systems

 Fuel Cell technology can operate on both hydrogen and carbonaceous fuels offering 
potentially interesting cross-over opportunities

 WP4 set out to make an early assessment of the scale and type of impact hydrogen 
and fuel cell technologies could have on the UK Macro-economy

• Using Consumer Road Transport as an Input-Output Modelling Exemplar

 WP4 considered and discussed the elements which can lead to the UK successfully 
exploiting the economic opportunities an emergent hydrogen and fuel sector holds

 This presentation picks out a number of WP4’s key observations, conclusions and 
recommendations



Hydrogen and Fuel Cell Technologies are Disruptive

 Traditionally heat, electricity generation and road transport technologies  have 
employed quite different fuel/energy source types

 That completely separates the different market types

 Hydrogen changes that as it is capable of addressing all three of the largest 
consumer energy markets, and hence Hydrogen is disruptive

 A question then arises as to what the value of hydrogen might be in each of the 3 
consumer mass energy markets?



Relative values – Current Technologies

 Current consumer value for electricity and gas are well understood from our own domestic 
bills, in March 2017, the average UK consumer costs for gas and electricity were:

 Gas @ 4.18pkWh & Electricity @ 13.86pkWh

 If gas is taken to be the prevalent UK source of heat, the relative values for heat and electricity 
per kWh can be read as 4.18p : 13.86p, or c.1 : 3.3

 Transport cost are seldom expressed on a per kWh basis, but are easy enough to calculate ... . 

 Based on a diesel price of 122p/l and a (generous) 30% ICE vehicle conversion efficiency, 
we pay c.41pkWh for consumer road transport fuel 

 [NB if real ICE vehicle conversion efficiency is only 20%, would be c.60pkWh!]

 Combined, we get a relative value ratio set for energy in consumer heat, electricity and 
transport of:  1 : 3.3 : 9.8



Relative values – Hydrogen

 If we now assume a kWh hydrogen input instead of conventional energy source types, 

 We burn hydrogen for heat (assume 100% conversion efficiency) and … 
 Apply approximate fuel cell conversions (losses) to generate relative values for electricity 

production and transport applications

 That gives a  modified hydrogen value ratio set of: 

 NB – this says nothing at all about the cost/price of hydrogen, 

 It is only about our perceived value of its use in the different apps within today’s 
understanding of what a kWh of energy in each application type is worth to us

Heat Electricity Transport

1 1.6 3.9



Relative values – Caveats

 Whilst that applications value hierarchy can be understood as generally valid in UK mass market 
terms, there will frequently be circumstances in which the effective consumer values for 
electricity and heat are much higher

 An example might be where an isolated community is paying a lot more per kWh for self-
generated electricity using small diesel plant ~ can be over 30p per kWh

 Similarly, consumers might be relying on much more costly resistive electrical heating and 
have no access to mains gas

 Some forms of transport including agriculture employ much cheaper (low or zero tax ) 
transport fuel

 One size does not fit all and wise policy-making/support would account for that

 It is also important to understand that these are based on fully-taxed UK consumer prices, 
potential HFC technology export destinations may also have quite different value ratios



Other Applications

 Some Fuel Cell types can operate on other fuels, usually hydrocarbons of some sort

 They often offer CCGT level efficiencies (and better) on much smaller, more local,  scales than CCGT 
can realistically deal with

 In CHP configurations, total conversion efficiencies in excess of 80% can be realised

 Even without CCS, used locally on commercial and residential building scales (where the heat can be 
used), these can offer: 

 Greater net efficiency than conventional means of generating heat and electricity
 Net reduction in primary fuel usage (potential reduction in net energy imports)
 Increased local energy security/resilience 
 Reduction in otherwise required infrastructure investment (grid strengthening)
 Good levels of net carbon reduction

 Hence, whilst transport offers the lowest hanging fruit in terms of potential UK economic benefit 
from HFC technology, other applications should not be ignored and should be supported



Modelling

On relative value basis … 

 Hydrogen in transport was chosen as the likely highest value and most rapid uptake for 
Hydrogen and Fuel Cell technology in the UK

Key questions for a wider policy audience

1. What are the expected or anticipated economy-wide impacts of the use and development of
hydrogen in the UK?

2. How is this impacted when we factor in that it is intended to replace use (and therefore supply) 
of fossil fuel? 

Policy makers and other stakeholders need a clear/clearer picture of the potential wider cost and 
benefits, the differences and trade-offs from the deployment of hydrogen as a new and replacement 
fuel source.



Headline message of input-output modelling

A significant move away from current UK use of refined fuels in private transport 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.

 Key driver of findings: the current supply chain for petrol and diesel is highly import-intensive.

Key questions/issues

1. Can we expect that hydrogen supply will share strong domestic supply chain properties of proxy
sectors used in the paper (electricity and/or gas supply)?

2. What will the substitution between fuel types look like, and how long will it take to happen?
3. What are the implications of retaining a fossil fuel base in the fuel supply chain, and what if it is 

imported rather than domestic?



Our Approach ~ Input-Output Modelling

 Input-output data are produced as part of the UK National Accounts (ONS 2016), under 
United Nations System of National Accounts (SNA 1993)

 The UK (industry by industry) input-output tables (2010): is a matrix describing the structure 
of the economy in a given year in terms of 103 industries (identified by the Standard Industrial 
Classification, SIC 2007) – however, issues with availability of tables in required format for 
multiplier modelling



What is a Multiplier?

Input-output - Multiplier Diagram 



Headline multipliers: UK Refined Fuel, Gas and Electricity 

industries

Multipliers (Activity per £million final demand)

SIC Sector/industry name

Output

(£million)

Employment 

(FTE jobs)

Value-added 

(£million)

19 Manufacture of Coke and Refined Petroleum 

Products 

1.47 2.93 0.33

35.1 Electric power generation, transmission and 

distribution

2.56 8.05 0.78

35.2 Manufacture of gas; distribution of gaseous 

fuels

2.25 8.04 0.81

 Proxies: gas (pipes etc.) or electricity (secondary energy carrier)

 The implication of lower headline multiplier of UK ‘Refined Fuel’ sector? 

 Any reallocation of spending away from refined fuels towards any other UK produced good or 
service will result in a net positive impact on goods and services production in the UK economy

 UK Gas (24%) and Electricity (24%) are less import intensive compared to refined fuel supply (75%)



Importance of Range of UK Industries in Potential hydrogen 

Supply Chain – e.g. Electricity Proxy
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Projected Expenditure on transport fuel (cars) 2015-2050

Expenditure on fuel/energy on all (not just household/domestic) car travel in the UK



Partial reallocation of fuel spend to hydrogen proxy 1 

(Electricity proxy)
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 (£million) -2,821 -5,373 -6,556

Change in GDP from contraction in refined fuel spending (£million) -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 (£million) 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 (£million) 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 

(£million) 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 one that would be extracted by the UK off-shore industry (SIC 6) 

then the employment and value-added components of the impacts calculated using either electricity or gas 
proxies will be reduced



Conclusions from input-output economic modelling 

 Importance of domestic (UK) supply chain linkages in delivering economic expansion
through multiplier effects

 If hydrogen supply could replicate the strong domestic upstream supply linkages of the
current UK gas and electricity supply sectors, opportunities for economic expansion through
a hydrogen transport economy

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

 Attention in development of the skills base in UK service industries

 Potential additional impacts from private and public investment targeted at R&D,
construction etc., but impacts may be time-limited (as opposed to on-going operational)



 Modelling did not take direct account of the increasing penetration of renewables/low
carbon source of electricity for electrolysis

 Those would necessarily be UK-domiciled and would further reduce gas import
requirement/improve UK economics

 Liable to be very relevant in renewables-rich parts of the UK suffering current
constraint

 Good potential to partner with devolved administrations and regions

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

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

General Conclusions/Recommendations



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

 E.g. about providing a competitive business and social environment in which they can thrive

 The establishment of one or more Industrial Clusters could significantly enhance UK economic HFC
success. Consideration could be given to establishing:

 A Cluster specialising in natural gas based H2 production and HFC applications for urban
deployment

 A 2nd cluster specialising in electrolysis H2 production and HFC applications for less urbanised
deployment

 There should also be a clear focus on FC vehicle manufacture to ensure the continuing success of the
UK in this specific area (potentially as an extension/linked to the first Industrial Cluster, a 3rd cluster
even)

General Conclusions/Recommendations



General Conclusions/Recommendations

 Export potential is significant, assuming the UK can continue to support the development of its core
HFC technology and supply chain companies

 Increased levels of UK state support becomes potentially possible with the UK leaving the EU
when State Aid regulations cease to apply

 Academia, along with public and 3rd sector early adopters of HFC technologies have been very
successful with and heavily reliant on support from EU HFC support mechanisms

 The UK might wisely choose to buy into continuing participation in those EU support
mechanisms, by directly UK parties involved in successful support bids (Norwegian/Swiss model)

 To make UK support for this nascent sector more coordinated rather than its current multi-agency
support situation (transport, energy, business, environment), the establishment of a single cross-
cutting support agency is recommended

 The German ‘NOW’ organisation/model offers an example of how to do that


