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Hydrogen Production and 
distribution – pre-read in advance of 
workshop on 11th April
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This project aims to drive sustainable economic growth in the UK 
hydrogen and fuel cell industry in the period to 2025 and beyond
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• Public-private project steered by Innovate UK, 
the Department of Energy and Climate Change 
(DECC), Transport Scotland, Scottish 
Government, Scottish Enterprise, Scottish 
Hydrogen and Fuel Cell Association (SHFCA), 
UK Hydrogen and Fuel Cell Association 
(UKHFCA), and the Knowledge Transfer 
Network (KTN)

• Delivered by E4tech and Element Energy, in 
consultation with the Steering Board and 
wider stakeholders

• Launched in January, due to be completed in 
early June

• Consists of 11 mini roadmaps, on different 
sectors of hydrogen and fuel cell use, which 
will be brought together with an overall 
national case
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The 11 mini roadmaps cover uses of hydrogen and fuel cells, and 
production and distribution of hydrogen 
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CROSS-CUTTING ISSUES: Underpinning research, skills, regulations, codes and standards
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This workshop is to get your feedback on the draft mini-roadmap 
on Hydrogen Production and Distribution for Transport

4

• This draft mini-roadmap has been issued as a straw man document to provide a basis for 
discussion.  All aspects are up for discussion and we welcome all input

• The roadmap shows aims for each application for 2025, barriers to achieving those aims, actions
that need to be taken to overcome the barriers, and benefits of doing so

• During the workshop on 11th April, we will discuss your views on:

• Accuracy (45 mins) - Have the main issues and barriers been captured in the draft roadmaps? 

• Ambition (45 mins) - Are the aims for 2025 appropriate? What level of ambition is reasonable?

• Action (60 mins) - Will the actions proposed be enough to overcome the barriers? If not, what 
else is needed? How reasonable is it to expect these actions? What might they cost, how long 
will they take and who might pay? 

• Note that we are focusing on actions to 2025, not the long term vision for the hydrogen and fuel 
cell sector. The longer term vision will be articulated in the overall national roadmap

• We also want your views on cross cutting issues that could affect more than one mini-roadmap
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We welcome your views on cross cutting issues that could affect all 
mini-roadmaps
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Underpinning research
e.g. What breakthroughs could change 

the outlook for several roadmaps?

Skills
e.g. Is education and training needed 

that spans several of these areas? 

Regulations, codes and standards
e.g. What further work is needed?

Financing
e.g. are there financing mechanisms that 

could help in several sectors?

Safety
e.g. What further work is needed?

Manufacturing and supply chain
e.g. joint design, production or 

procurement of certain components

Marketing
e.g. how can one sector help another?

Joint initiatives between sectors
e.g. would these be useful? 

Regional activities
e.g. Can pioneer regions be valuable in 

deploying several HFC technologies 
together?

Market structure
e.g. ways to monetise value to grid of 

CHP could also apply to electrolysis
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Draft roadmap – hydrogen production 
and distribution for transport
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Hydrogen fuel production and distribution technologies for road 
transport applications can be an attractive market for UK companies

• The UK is well placed to take a leading position in the 
nascent technology market for on-site hydrogen fuel 
production, purification, compression, distribution and 
retailing for transport applications

• A number of UK companies can in principle secure a 
competitive market position as early as by 2020. These 
companies can be supported today and require low volume 
deployments to develop next generation technologies

• Rollout programmes within the UK can secure sufficient 
volume to support these industry players. Tailored 
technology development programmes will also be needed 
across the 2016-2020 period to catalyse further innovation

• Next generation, cost-effective production and distribution 
technologies can substantially decrease the cost of 
hydrogen at the pump and make it cost competitive from 
2020 (to support the creation of an international market for 
fuel cell vehicles)

• This sector can offer a tangible opportunity for UK industry 
firms specialising in these  applications. The combined UK 
GVA opportunity available for this sector could total ~ 
£0.15 billion by 2025 and up to ten times as much by 2030

7
Photo credit: UKH2Mobility (top), Vehicle Projects Inc (bottom)

Introduction
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This roadmap focuses on on-site hydrogen production from water 
electrolysis; gaseous hydrogen delivery and hydrogen retailing
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We identified three main focus areas for the road-mapping, with the greatest potential to create value for the 
UK:

1. On-site water electrolysis - The UK has one of the very few European OEMs commercialising low 
temperature water electrolysers for the transport sector (ITM Power) and has a leading global position in 
their deployment and grid integration

 Note, an alternative to on-site electrolysis is onsite reformation of methane, not included here due to 
limited UK industrial activity and weaker drivers than for electrolysis due to CO2 emissions from on-site 
reformation of natural gas

2. Distribution by tube trailer – which is the incumbent solution for transporting and delivering hydrogen in 
the UK. There is scope for the development of new technologies for larger capacity systems for hydrogen 
distribution (high pressure, novel lighter materials)

 There is also a requirement for purification systems to warrant the purity of hydrogen distributed by 
tube trailer, here again the UK has a global leader in the National Physical Laboratory. 

 Alternatives such as liquid distribution and the use of novel carriers were not the focus as there is 
limited activity in the UK in these areas

3. Hydrogen retailing – There could be a large market potential for hydrogen retailing in the UK if hydrogen 
vehicles take off

 A number of UK players are developing HRS solutions or components (though not yet globally leading)

 There is significant latent potential from existing skills in gas handling and several major fuel retailers 
and large gas company subsidiaries have considerable operations in the UK

Introduction
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Applications in focus
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• Hydrogen from water electrolysis 

• Gaseous hydrogen purity control, compression and distribution

• Hydrogen retailing (refuelling stations)

• Link to the other roadmaps
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Introductory note:

There are several water electrolyser 
technologies for on-site hydrogen 
production, including (but not exclusively): 
Alkaline electrolysis, high and low-
temperature Proton-Exchange Membrane 
(PEM) electrolysis, Solid-Oxide electrolysis 
(SOE), Anion Exchange Membrane (AEM) 
electrolysis  

This section focuses on the most market 
ready solutions, i.e. solutions which can be 
deployed for on-site hydrogen mobility 
applications by around 2025 or before: low-
temperature PEM and Alkaline electrolysers

10

Introduction
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On-site water electrolysers for transport fuel applications have an early 
market advantage and can experience a substantial market expansion

11

• The global market potential for hydrogen fuel production for passenger cars is based on the recent (2015) IEA 
roadmap which assumes that around 30 000 FCEVs and 700 HRS will have been cumulatively sold in the United 
States, EU (UK, Germany, France ad Italy) and Japan by 2020 1 , ~ 2m FCEVs and ~1,500 HRS by 2025 

• Under these assumptions, water electrolysers can reach a global cumulative deployment of 1 GW-e of 
installed capacity by 2025 should ~ 50% of the hydrogen demand be met by water electrolysers (associated 
cumulative sales of ~ £1billion  globally by the same year on a capex-basis alone). Additional deployments can 
be generated for serving alternative road applications (most notably fuel cell buses). The UK can account for 
roughly 10% of this market.  UK companies can equally access other international markets

• The most promising near-term electrolytic technologies (Alkaline and PEM electrolysis) are already available 
today but technology breakthroughs and economy of scale are required to reduce costs, improve 
performance and thus secure commercial competitiveness by 2025

• A large scale deployment of on-site electrolytic assets delivering affordable hydrogen can unlock a series of 
large benefits:

o Can support the expansion of the hydrogen mobility market during its early phases  (2016-2025) as 1) the 
hydrogen produced is inherently highly pure and easier to certify for PEM fuel cell vehicle applications and 
2) reduces the need for expensive low-volume, low-pressure logistic solutions (see next section) 

o Can generate low-to-zero carbon hydrogen when powered with renewable electricity thus reducing global 
GHG emissions from road transport and supporting the wider energy system (by providing balancing and 
network reinforcement services - see the mini roadmap on energy services)

o Can generate a substantial market for UK-based industry  firms (manufacturing of system and components) 
as well as create local skilled jobs related to deploying and maintaining assets 

1: International Energy Agency (IEA), Technology Roadmap, 
Hydrogen and Fuel Cells (2015)

Aims for 2025
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PEM water electrolysers are rapidly improving but volume and 
more technology development are required to reach maturity

• PEM electrolyser developers are working to reduce
capital costs and improve stack lifetime (e.g. by better 
managing the degradation processes in the catalyst, 
membrane, etc.). This goal requires a combination of new 
low-cost materials, new stack designs (e.g. larger (MW-
scale) stacks for a better economy of scale)  and 
application-specific system optimisations (e.g. reduction 
of components, parasitic losses, etc.)

• PEM electrolysers have already demonstrated very high 
efficiencies. However, work is required to maintain high 
efficiency for any loading (e.g. above and below optimal 
loading) to deliver flexible electricity services without 
increasing consumption

 The performance trends reported on the right hand side 
are necessary  to achieve a hydrogen fuel production cost 
competitive with fossil fuel for fuel cell vehicle 
applications. Specific R&D programmes can support the 
industry to deliver these improvements in the very near 
term (2016-2020), where capital-intensive R&D activities 
are unlikely to be financeable via market sales alone 

Technology-specific needs – PEM electrolysers PEM electrolysers – cost and performance trends3

Targets for cost parity (2020) and 
a more competitive  proposition 
than Diesel fuel (2025)

12

1- Data based on IEA FCEV & HRS uptake assumptions (Technology Roadmap, Hydrogen and 
Fuel Cells 2015) and technology learning rate as per FCH JU Powertrain for Europe (2011)(7%). 
Note that data generate is fully consistent with FCH JU 2015 Development of Water 
Electrolysis in the European Union (2014). Data excludes installation and civil costs
2- Data from FCH JU 2015 Development of Water Electrolysis in the European Union (2014). 
Efficiency is at system level, incl. power supply, system control, gas drying (purity at least 
99.4%). Excl. external compression,  purification and storage (where needed)

Tasks

3 - Targets required to  achieve parity/lower costs than diesel from 2020 (fuel 
alone, excluding vehicle costs) – see appendix at the end of this section
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Alkaline electrolysers are a mature technology but small scale 
solutions have not been fully optimised yet

Technology-specific needs – Alkaline electrolysers Alkaline electrolysers – cost and performance trends3

Targets for cost parity (2020) and 
a more competitive  proposition 
than Diesel fuel (2025)

13

• Alkaline electrolysers are more commercially 
developed than PEM solutions. Alkaline 
electrolysers to date have been mainly used for 
large-scale industrial applications. Hence, the 
technology is not yet fully optimised for smaller-
scale on-site production applications

• Improvements are needed to optimise small 
systems, including: minimisation of stand-by 
power and parasitic loads (such as pumps and 
inverters) to improve the system efficiency; 
improved cell efficiency and system flexibility 
(to take advantage of flexible electricity 
services); development of more optimised 
manufacturing processes, (to reduce capital 
costs and streamline supply chain)

• As for PEM electrolysers, it is unlikely that these 
improvements can be driven by market demand 
alone between 2016-2020

1- Data based on IEA FCEV & HRS uptake assumptions (Technology Roadmap, Hydrogen and 
Fuel Cells 2015) and technology learning rate as per FCH JU Powertrain for Europe (2011)(7%). 
Note that data generate is fully consistent with FCH JU 2015 Development of Water 
Electrolysis in the European Union (2014). Data excludes installation and civil costs
2- Data from FCH JU 2015 Development of Water Electrolysis in the European Union (2014). 
Efficiency is at system level, incl. power supply, system control, gas drying (purity at least 
99.4%). Excl. external compression,  purification and storage (where needed)

Tasks

3 - Targets required to  achieve parity/lower costs than diesel from 2020 (fuel 
alone, excluding vehicle costs) – see appendix at the end of this section
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There are several active and latent UK players who can benefit 
from targeted national interventions

• TP Group is a leading supplier of PEM electrolysers for submarines but has 
not yet engaged with solutions aimed at hydrogen mobility applications

• Other  local actors (e.g. specialising on compressors and other components) 
could become more active across the technology value although no obvious 
major players are currently waiting to enter

UK Latent potential

UK Research potential

• ITM Power develops advanced low-temperature PEM water electrolysers for 
transport and power applications. The company has deployed over 9 
electrolysers to date in transport and power applications totalling over 
1.5MW of installed capacity (units have been deployed in UK, Germany and 
USA). ITM is one of the very few European and international OEM developing 
this technology and thereby has the potential to become a market leader 

• Other UK players are working in the value chain: most notably Johnson 
Matthey  develops Membrane Electrode Assemblies (MEA) for PEM fuel cell 
applications.  UK companies like BOC, Logan, PURE and Air Products have a  
role in the electrolyser supply chain include, though none manufacture 
equipment in the UK. 

• ITM Power and Johnson Matthey regularly work with UK universities to 
improve their technology (design, materials etc.). Several UK universities are 
conducting basic research on other electrolytic technologies (high-
temperature PEM and SOE electrolysis, AEM electrolysis)

UK Companies active in the sector Measures to promote UK strengths

• The UK strength currently is in PEM 
technology while the existing research could 
create expertise in solid oxide electrolysis

• The ultimate success of this application will 
rely on whether the hydrogen mobility sector 
will take off in the UK and internationally by 
2020/2025. However, the technology still has 
to reach a cost competitive position and this 
can only be achieved via incremental 
deployments and technology developments 
before 2020

• Funding programmes aimed at securing 
minimum deployment volumes before 2020 
in the UK and R&D programmes aimed at 
resolving the outstanding technology needs 
(especially for PEM electrolysers) can deliver 
sizeable benefits to the existing UK 
companies - even at modest deployment 
levels (10’s of unit per annum)

• This strategy would also attract latent players 
and secure continuity in the UK research 
environment. Overall, this can make the UK 
electrolyser industry competitive on an 
international scale from around 2020

14

UK capabilities
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High electricity costs represent the major 
barrier to market competitiveness

15

• The analysis suggests that electricity costs are the 
largest cost component for electrolytic hydrogen 
production (e.g. 60% to 80% of the production costs)

• This implies that reductions in the electrolyser capital 
costs and improvements in system life cannot 
guarantee market competitiveness alone. The ability to 
access low electricity prices thereby is of paramount 
importance for the economics of water electrolysers

• The electricity price considered for this analysis (6p per 
kWh) is around 0.04p cheaper than the average UK 
2015 price for non-domestic consumers (~ 10p/kWh), 
but higher than the average spot price for electricity 
generation (4-6p/kWh) 

(note: this price level assumes that the electrolyser also 
provides balancing services and was considered 
achievable but challenging to guarantee on a 
systematic basis by energy suppliers in private bilateral 
discussions. Ultimately this price should be accessible if 
the electrolyser is sited next to a generator, without 
incurring distribution/transmission charges)

• There currently are no mechanisms to support tariffs 
tailored to low-carbon hydrogen fuel production.  

20252015
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Stack replacements

Electricity (production only)
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Fixed Opex

PEM - H2 production cost breakdown analysis - £ / kg
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3.4 3.3

Alkaline - H2 production cost breakdown analysis - £ / kg
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Electrolyser kit life: 10 years
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electricity price: ~6 pence/kWh
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Barriers and actions
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There are several areas of potential intervention within the UK 
market framework to support this application 

There are no clear mechanisms to price in the benefits of using low carbon hydrogen fuel for road applications:

• Electrolysers can be powered (partially or totally) with renewable electricity to generate fuel with a very low 
carbon footprint. Today, this strategy leads to high H2 production costs as green electricity is priced at a premium. 

• The creation of a green hydrogen standard (currently not prioritised by DECC) and mechanisms able to pass on to 
producers the value of delivering low carbon fuels would greatly support the business model for water 
electrolysers in the UK.  Whilst this is not needed in the short term (pre-2020), there is a need to signal that these 
green mechanisms will be valued over brown production mechanisms in the medium term (post 2020), to avoid 
investment being diverted to polluting options for hydrogen generation. These mechanisms could involve the 
inclusion of hydrogen in the renewable transport fuels obligation (RTFO), where it is not currently included, or 
carbon pricing or other market based mechanisms to support low-carbon hydrogen use.

• There are no clear mechanisms to avoid system charges when delivering grid / RES support services:

• The electricity price includes system charges and levies meant to spread the costs of managing the distribution and 
transmission system as well as support the integration of renewable energy systems (RES).

• Several industry players have questioned whether these changes should be applied to technologies actively 
contributing to improving grid stability and RES integration.

Doing business in other countries can be challenging:

• Given the current demonstrative nature of hydrogen mobility applications, many international  electrolysis projects 
are today funded by local regional/national sponsors who prioritise local companies whenever possible.

• This implies that UK companies would need to primarily rely on national opportunities to secure sufficient 
deployments and funding to reach a market-competitive position by around 2020/2025.

• There is also an opportunity to make sue of the European Commission's funding (which requires multiple countries 
in any bid) and Innovate UK’s funding competitions aimed at international collaboration

16

Barriers and actions
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Overview of the deployment timeline, technology progress and 
possible actions for supporting this application

2016-2020 2020-2025 2025 onwards
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Low-volume deployment aimed at improving 
the technology and reducing costs  (~50 MW 

p.a.)

Large-volume (>>500 MW) market-driven 
deployment

~ 5 to 10 hydrogen stations equipped with 
electrolysers p.a. supported by private and 

public investments (UK and EU) 

Development of PEM systems with low-cost 
materials, new stack designs and longer life

PEM electrolysers:
Capex:£800/kW;
Stack life: 60,000h
Efficiency:  48 kWh/kg (system level)

HRS with on-site PEM electrolytic production units sponsored by 
Government initiatives (5 to 10 MW of new capacity per annum)

Larger scale deployments to reach cost 
competitiveness via volume  

(150 MW p.a.)

> 10  hydrogen stations equipped with 
electrolysers per annum

Further cost reductions driven by increasing 
deployment volume

R&D programmes sponsored by Government to 
achieve PEM targets as reported above

PEM electrolysers:
Capex:£550/kW;
Stack life: 70,000h or more
Efficiency:  48 kWh/kg (system level)

Finalisation of the green hydrogen 
standard ; H2 inclusion in RTFO

Increasing number of stations to be financed via private 
investments

PEM electrolysers can produce  
hydrogen at a competitive price 
(<£4/kg, excluding HRS costs)

Electrolysers rollout financed by genuinely 
private investment initiatives

Define framework to avoid system charges 
when delivering grid / RES support services

Trade missions to export UK equipment to US, Japan and other 
countries where a hydrogen mobility market is emerging 

Roadmap
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~ 1,000 MW

~ 200 / 400 MW

Cumulative installed capacity
(MW) – Global figures

50-100 MW

Potential upside

Central

FCEV Market not ready before 2025

0.01% 0.2%

Even modest volumes by 2020 or 2025 can support substantial 
technology improvements 

• The capital cost trends discussed in the 
previous slide are consistent with a 
cumulative deployment totalling  ~1 GW 
of installed capacity by 2025 (based on 
the IEA HRS rollout assumptions, (see HRS 
section) and assuming that up to 50% of 
stations have on-site electrolysis)

• Alkaline technology is mainly dependent 
on the level of deployment while for PEM 
this also depends on the level of 
technology innovation before 2020 
(especially on system life and stack 
technology)

• The most critical phase for the 
technology is before 2020, when 
technology improvements and cost 
reductions need to be achieved in spite 
of low deployment volumes. Higher 
deployment rates post 2020 can 
accelerate the rate of cost reductions 
across all technologies

• However, as noted, the economics of 
water electrolysers will ultimately be 
dictated by the price of electricity post 
2020

Assumed global market sales share 
for fuel cell vehicles (IEA 2015):

Electrolyser learning rate for capital costs: 7% for every doubling of 
installed capacity (FCH JU 2011)

Rate of deployment after 2020 will be 
dictated by success in the commercialisation 
of fuel cell vehicles

Key technical and 
cost improvements 
should take place 
before 2020 in spite 
of low volumes

Deployment scenarios
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The deployment of electrolysers in the UK is sensitive to a number of 
actions

19

Scenario Actions
UK Deployment numbers

2015 2020 2025

High

Additional actions
• Commitment to affordable vehicles with attractive 

consumer offer from numerous OEMs
• Confirmed very low cost tariffs for electrolysers 

providing grid support – widely available
• Trade missions to export HRS to other key markets 

(e.g. Japan, USA)

20MW 100MW+

Central

• Sponsorship of electrolytic HRS deployment using UK 
derived equipment

• Low cost electricity options secured (via balancing 
payments or specific tariffs)

• Some successful vehicle deployments – heavy duty, 
high hydrogen consumption preferred

• Support for optimisation of UK products
• Green H2 standard and other framework finalisation

~2MW 
(for 

transport)
10MW 50MW

Low

Actions still needed 
• Insufficient sponsorship of HRS
• Technology targets missed
• Limited availability of hydrogen vehicles

3MW 5MW

Deployment scenarios
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What is the UK benefit from reaching the aim in 2025?

Cumulative by 2025 Notes

Global addressable market Likely up to 1,000  MW UK domestic market could account 
for 10% of global marketGlobal addressable market value ~ £ 0.6 billion2

UK Share of Tradeable Global Market
Up to 25% 

Assuming a very high competitive 
advantage by 2025

Potential value for UK economy (GVA) ~ £ 0.03 billion (of which 
~ 10% from UK market)

Assuming 50% of sales displace 
existing economic activity

Potential UK job creation 100’s

• This application supports global / national GHG gas reduction and Air Quality improvements as 
discussed in the road transport roadmap 

Note: cumulative market and GVA to 2030 can be up to 10 times bigger. 
The IEA (2015) roadmap1 assumes ~ 15,000 HRS deployed globally by 2030, which implies HRS (and thus on-site 

electrolysers) sales between 2025 and 2030 roughly 10 times bigger than between 2015 and 2025

1 - International Energy Agency (IEA), Technology Roadmap, Hydrogen and Fuel Cells (2015)
2 – All figures discounted at 3.5%

20

UK benefits
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Focus applications

21

• Hydrogen from water electrolysis 

• Gaseous hydrogen purity control, compression and distribution

• Hydrogen retailing (refuelling stations)

• Link to the other roadmaps
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Gaseous hydrogen purity control, compression and distribution

22

Introduction
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Fuel demand from fuel cell vehicles can create a large market for 
high-volume compressed hydrogen in the early 2020s

23

• Gaseous hydrogen compression and delivery (via tube trailers) is a mature market for industrial 
applications. This is a market generally characterised by small quantities (up to 300kg of hydrogen per 
delivery), low pressure (up to 200bar) and not too restrictive gas purity standards 

• The existing logistic solutions and purity qualities are however inappropriate for hydrogen mobility 
applications. The hydrogen purity requirements for PEM fuel cells (SAE J2719) are far more restrictive than 
most of the standards currently used by the gas industry; hydrogen is used at a higher pressure (350bar to 
700bar) and the volume required per refuelling station can be substantial (e.g. 100kg to 1,000kg per day 
per station for hydrogen stations serving passenger cars and several tonnes per day per station for fuel cell 
bus applications) 

• New high pressure logistic solutions designed to deliver larger quantities of hydrogen at a certified purity
can thereby unlock a series of large benefits:

o Can support the expansion of the hydrogen mobility market as 1) these solutions can reduce the cost for 
delivering pure hydrogen to end users, 2) reduce the carbon footprint of delivered hydrogen (by 
reducing the fuel input per kg of hydrogen transported (by around 50% to 70%) and 3) reduce the need 
for expensive on-site hydrogen compression and  storage equipment at the refuelling stations

o Can generate a substantial market for UK-based industry players (manufacturing of system and 
components) as well as create local skilled jobs related to deploying  and maintaining assets

• The market potential for high pressure logistic solutions can be substantial. For example, 2 million cars 
need approximately 1,000,000 kg/day; 50% of this demand requires a fleet of 500 high-pressure tube 
trailers (a total stock of £250-£500m) which suggests a potential market size of 10s to 100s of million per 
year. 

Aims for 2025
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There are several active and latent UK players which can benefit 
from targeted national interventions

• Other smaller UK-based companies could also move into the sector (such as 
HAYDALE Composite Solutions (formerly EPL)) 

• Furthermore, there is substantial scope for other UK manufacturers  to 
become more active across the technology value chain as the UK has a long-
standing experience in handling industrial gases and developing equipment 
for gas compression,  purification and delivery

UK Latent potential

UK Research potential

• Luxfer Gas Cylinders (based in Salford, UK) is among the world's largest 
manufacturer of aluminium and composite gas cylinders, including high-
pressure hydrogen cylinders for on-board vehicle storage and bulk delivery 

• The National Physical Laboratory (NPL) is researching and demonstrating 
novel technologies for hydrogen quality sampling and analysis 

• ITM Power, BOC (a Linde AG subsidiary) are developing  new gas distribution 
concepts and trailer solutions

• All major gas companies in the UK are international subsidiaries but can 
carry out technology development and  commercialisation activities in the 
UK.

• New IPs will likely originate from research on novel storage materials, 
extending life of cylinders, novel gas impurity detection instruments, etc.

UK Companies active in the sector Measures to promote UK strengths

• Funding programmes aimed at resolving 
specific technology gaps (related to high-
pressure hydrogen equipment, hydrogen 
gas compression, purification and quality 
assurance) can support UK companies in 
developing specialty products which can 
be marketed internationally and thus 
secure a leading market position (should 
novel technologies or solutions be 
developed before a large penetration of 
fuel cell vehicles) 

• This strategy would also attract latent 
players and secure continuity in the UK 
research environment. 

• The international HRS market (discussed 
in the  next section) can by itself support 
the development of this sector (e.g. via 
an increasing commercial demand for 
pure gas deliveries and quality assurance) 
but this is likely to remain a low volume 
market in the near term (2016-2025) so 
any UK company will have to face a 
strong international competition

24

UK capabilities
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High-pressure / high-volume gaseous 
hydrogen logistic technologies are 
required to cut costs

• The gas industry is developing novel trailer solutions 
characterised by lightweight materials and higher working 
pressures (500bar) to substantially reduce distribution costs 
via a better economy of scale

• Although conventional tube trailers are mature 
technologies, they can only deliver up to around 300kg of 
hydrogen per journey at 200bar pressure. The new 500bar 
trailer solutions can transport up to around 1,000kg per 
journey. Their economics versus conventional (200bar) 
trailer solutions is illustrated on the right hand site. 

• Even at high capital cost levels, high-pressure high-capacity 
trailers can offer better economics as the increased 
transport capacity reduces the levelled capital, driving, 
fuel and handling costs per kg of hydrogen transported. 
This also makes the economics of gaseous delivery more 
resilient to changes in the labour and transport costs and 
offset the higher costs associated with compressing 
hydrogen at a higher pressure  (to 500bar)

• Technology improvements in gas compression are also 
required to improve efficiency, reliability and avoid gas 
contamination risks. New solutions such as ionic 
compressors (e.g using ionic fluids for compression), 
hydride based compressors and electrochemical 
compressors (PEM based technology) are being developed.

Gaseous hydrogen delivery cost  - £ / kg
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Capex: £0.2m

0.9

Distribution - trailer fixed Opex

Distribution - trailer Capex

Distribution - Personnel costs

Compression costs
(Capex, Opex, electricity)

Distribution - Driving costs
(Fuel and driver)

Excluding margin on hydrogen

Capex: £0.2m

0.4

Capex: £0.5m

0.5

Capex: £1m

0.7

500bar trailer, 1 tonne H2 capacity
200bar trailer, 

300 kg H2 
capacity

Common working assumptions:

• Trailer annual utilisation factor: 90%. Opex: 3% of Capex p.a.

• Average distance driven per trip (return): 150km

• Trailer driving costs: fuel (35l/100 km - based on FCH JU DeliverHy
estimates;  £1/l diesel price) + driver (£30k basic salary p.a. – avr. 
UK salary): Total equals ~ £0.8/km

• Technical personnel for trailers swapping etc. (£30k basic salary –
avr. UK salary; 1.5h for loading and 1.5h for offloading trailers -
based on FCH JU DeliverHy estimates)

• Compression costs based on Yang C, Ogden J. Determining the 
lowest-cost hydrogen delivery mode. Technical report (2007) and 
requirement to fill maximum ~ 12 trailers per day. 

• Electricity price: 6p/kWh 

Cost reduction dependent 
on level of deployment

Technology change

Barriers and actions
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Breakthroughs in hydrogen fuel purification, quality preservation 
and assurance along the value chain are also required 

Other improvements required for a mature hydrogen gas market for PEM transport applications 

• PEM fuel cells systems for automotive applications are very sensitive to trace 
impurities in the hydrogen. For this reason, the global vehicle manufacturers 
have adopted an international purity standard (SAE J2719) as the reference fuel 
quality guideline to ensures that fuel cells are not degraded by unwanted 
impurities beyond their natural degradation processes

• SAE J2719 or equivalent guidelines are proving demanding to assure along 
the conventional hydrogen supply and delivery chain. Hydrogen purification 
methods and purity analysis for quality assurance (QA) could substantially 
increase the cost of hydrogen to end-users if performed frequently, with non-
optimised technologies and for small hydrogen quantities - a potentially 
unacceptable cost which would make the fuel uncompetitive with other options

• The industry is thereby researching and testing novel solutions for 
overcoming this problem, which have not yet been fully developed or 
demonstrated to date. Most notably:
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o Affordable large-scale purification methods for fossil-fuel derived hydrogen (e.g. methane reformation) dedicated to PEM fuel cell 
applications: dedicated pressure-swing adsorption units (PSA) capable to meet the SAE J2719 standards; pressure-driven diffusion 
membranes (e.g. palladium membranes);  electrochemical compressors (PEM based technology which efficiently purifies and 
compresses hydrogen at the same time) and other alternatives

o Purification methods for hydrogen from pipelines - distribution of gas through a widespread gas distribution network causes 
contamination of the delivered gas from water, cutting oils, and plastic debris. Hydrogen will also have to be odorised. 

o Affordable fuel quality assurance solutions suitable to meet the requirements of the automotive industry (new technologies for 
sampling and analysing hydrogen; cost-effective sampling protocols along the value chain) 

o Compression and hydrogen delivery components which do not contaminate the hydrogen gas (for example, compressors 
removing the use of contaminating oils, reducing seals and other bearings which can create filtrations, etc.)

H2 Quality  
Assurance

H2 Purification 

There exists a large spread in the likely hydrogen 
purification and quality assurance costs associated 
with the SAE J2719 guidelines. Cost are highly 
sensitive to the technology used and quantity of 
hydrogen assured

£
 /

 k
g-

H
2

Currently as high 
as ~ few £ per kg Costs can be 

reduced to ~ few 
pence per kg

Barriers and actions
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A number of actors are looking to challenge existing norms around 
hydrogen purity (for vehicles), pressure and hydrogen storage 

• The hydrogen purity standard (SAE J2719) is often argued to be over onerous, as many stakeholders believe PEM fuel cells 
either could or should be able to tolerate higher impurities. 

• Furthermore, the standard contains target concentrations which extremely few pieces of equipment able to detect (note 
however that NPL in the UK is a global leader in this field)

• Many stakeholders see this as a cause of very high cost hydrogen, as it means hydrogen cannot be accessed from existing 
sources which have lower purity specifications

• Some vehicles such as hydrogen combustion vehicles certainly don’t need the high purity required by the standards – this level 
of purity would also not be required by most heat based appliances which would combust the hydrogen.

• Therefore, there is a movement to question the use of the high purity standards being defined by the SAE.

• However, there are two counter-points to these arguments:

• 1.  These are international standards laid down by the  international vehicle OEMs, who are looking to develop low cost fuel 
cells (with a very low platinum content) . These low cost cells will be sensitive to the trace impurities. Therefore any decision to 
move away from the standard would risk the participation of the international OEMs in the UK market unless a breakthrough  
impurity tolerant stack is developed.

• 2. The cost of achieving the high purity standard may well be overstated in the medium term. Electrolysers already produce 
hydrogen to this purity level and well designed SMR and PSA systems can as well (they just are not currently measured to this
standard). Therefore once the assurance techniques are developed, the high purity standard should not be expected to add to 
the cost of hydrogen production.

• Recommendation: instead of challenging the purity standards, the UK has more to gain from developing the quality 
assurance procedures (and associated equipment)  with meeting these standards
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Barriers and actions
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Summary of the main technology options and actions to support 
UK companies in developing competitive solutions (1/2)
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Aspect
Status / 

technology in 
use 

New technology options Action to support UK companies

Gaseous
hydrogen 
transport

Low pressure 
(200bar) 
trailers 
transporting 
300kg (net) 
H2

• High-pressure (min 500bar) trailers transporting 
>1,000kg (net) H2 

• Lightweight high pressure tanks (500bar to 
1,000bar) for bulk hydrogen transport 
applications

R&D schemes aimed at developing:

• New composite materials for 
affordable, lightweight  high-
pressure, high capacity hydrogen 
tanks are needed

• Novel storage techniques to 
increase capacity e.g. pressurised 
hydrides – aimed at bulk transport

Gaseous
hydrogen 
compression

Conventional 
gas 
compressors 
(typically 
based on 
mechanical
pistons and 
mineral oils)

• Use of ionic liquids to compress H2 without 
contamination and with a lower energy input to 
high pressures (up to 1,000bar)

• Electrochemical compression - applying a 
voltage across a proton exchange membrane 
(PEM) to sustain a pressure differential. This 
process purifies hydrogen and efficiently 
compresses H2 to high pressures  (double 
efficiency vs conventional compressors)

• Hydride compressors – where metal hydrides are 
used as an absorbent materials in a thermally 
driven compression cycle

R&D schemes aimed at developing:

• Reliable, scalable and affordable 
novel compressors – existing 
prototypes are small and far from 
optimised. 

• Optimised systems for both low-
volume on-site compression 
duties (e.g. at HRS) as well as 
large-volume compression and 
purification duties (e.g. at fossil 
fuel-based hydrogen production 
plants)

Barriers and actions
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Summary of the main technology options and actions to support 
UK companies in developing competitive solutions (2/2)
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Aspect
Status / technology in 

use 
New technology options Action to support UK companies

Gaseous
hydrogen 
purification

Fossil fuel-based 
hydrogen production 
plants use conventional
pressure-swing 
adsorption units (PSA) 
which were not designed 
to deliver PEM fuel cell 
purities

• New generation of PSA capable of meeting 
the SAE J2719 standards 

• Pressure-driven diffusion membranes (e.g. 
based on palladium or other material) where 
only hydrogen can pass through a selective 
membrane 

• Electrochemical compressors (see previous 
slide)

R&D schemes aimed at developing:

• Electrochemical compressors 
(see previous slide) 

• Pressure-driven diffusion 
membranes for both on-site and 
large-volume applications, as well 
as for purifying hydrogen from 
future hydrogen pipelines

Hydrogen fuel 
quality 
assurance

Quality assurance 
services  today are 
performed via:
• Ad-hoc sampling 

methods which can 
be labour intensive 
and work best for 
low pressure 
hydrogen 

• Multiple  analysis 
instruments (each 
dedicated to 
detecting specific 
impurities at  the 
required accuracy)

• Standardised sampling technologies for
high-pressure hydrogen – for example, work 
is in progress to design a standard system 
capable  of sampling hydrogen at the nozzle 
for 350 and 700bar refuelling

• Next generation of holistic hydrogen purity 
analysers - systems capable of detecting 
multiple impurities at the required accuracy 
(as per SAE J2719 guidelines) via the same 
instrument

• On-site hydrogen purity analysers –
solutions aimed at accurately detecting the 
most problematic impurities or canary 
species on-site (to avoid transporting 
samples to laboratories)

R&D schemes aimed at developing:

• Next generation of holistic and 
on-site hydrogen purity analysers

Barriers and actions
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Overview of the deployment timeline, technology progress and 
possible actions for supporting this application

2016-2020 2020-2025 2025 onwards
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Development of 500bar trailers TARGET – commercially available high-pressure
Tube trailers; commercially mature ionic compressors 

Widespread adoption of solutions 
developed across the 2016-2025 periods 

(driven by a commercial H2 mobility market)
(e.g. hundreds to thousands units per 

annum globally)

R&D  programmes to develop new composite materials for light-weight / high 
volumetric density H2 storage

TARGET – advanced H2 compression & 
purification tech (e.g. PEM / catalyst based)

• Deployment of first ionic compressors 
(few tens p.a.) and 500bar trailers (few 
units p.a.) 

• On-going demonstration projects to 
test novel H2 purification technologies 
and quality assurance solutions

Improvement of ionic gas compressors

Development of novel high-pressure lightweight composite materials H2tanks

Development and improvement of electrochemical compressors (for compression & purification)

Development of high-pressure H2 sampling technology 
and next-generation of holistic  analysers

Development advanced PSA technologies Development next gen. H2 purification technologies

TARGET – commercially available next 
gen. H2 sampling and analysis tech. 

As per the above (very small number of 
500bar trailers introduced in the country 

and participation in EU / UK projects to test 
novel H2 purification technologies and 

quality assurance solutions)

Small-volume deployment of novel compressors 
(few units / low tens per annum) 

• Deployment of first electrochemical 
compressors (high tens p.a.) 

• Commercialisation of novel H2 quality 
assurance solutions

• Introduction / demonstration of very high-
pressure hydrogen tanks (or novel 
materials)

R&D  programmes to develop novel compression technologies

R&D  programmes to develop next gen of holistic H2 
analysis instruments

Commercialisation of novel light-weight / high 
volumetric density H2 storage solutions and of 

novel holistic H2 quality analysers  

TARGET – UK technology 
commercialised globally

Roadmap
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What is the UK benefit from reaching the aim in 2025?

Cumulative by 2025 Notes

Global addressable market < 1,000  new trailers and < 100
large-volume compressors UK domestic market likely less 

than 10% of global market
Global addressable market value ~ £ 0.1 billion2

UK Share of Tradeable Global Market
less than 10%

Assuming a low competitive 
advantage by 2025

Potential value for UK economy (GVA) Millions of pounds (of which up 
to 30% from UK market)

Assuming 50% of sales displace 
existing economic activity

Potential UK new job creation 10’s

• This application supports the global / national GHG gas reduction and Air Quality 
improvements as discussed in the road transport roadmap 

Note: cumulative market and GVA to 2030 can be up to 10 times bigger. The IEA (2015) roadmap1 assumes ~ 15,000 
HRS deployed globally by 2030, which implies HRS (and thus related gaseous equipment ) sales between 2025 and 

2030 roughly 10 times bigger than between 2015 and 2025

1 - International Energy Agency (IEA), Technology Roadmap, Hydrogen and Fuel Cells (2015)
2 – All figures discounted at 3.5%
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UK benefits
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Focus applications
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• Hydrogen from water electrolysis 

• Gaseous hydrogen purity control, compression and distribution

• Hydrogen retailing (refuelling stations)

• Link to the other roadmaps
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Hydrogen retailing (refuelling stations)
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Introduction
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An international market for refuelling stations can take off in the early 
2020’s following the introduction of more affordable vehicles
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• The market for hydrogen refuelling stations (HRS) can reach a global cumulative deployment of ~ 1,500 units 
by 2025 (cumulative sales of ~ £2billion  globally by the same year on a capex-basis alone) according to the 
International Energy Agency roadmapping exercise for fuel cell technologies. Additional HRS deployments can 
be generated for serving alternative road applications (most notably buses)

• The UK can account for roughly 10% of this market (e.g. ~65 HRS by 2020 and ~ 150 by 2025) while UK 
companies can also access other international markets

• Although hydrogen refuelling stations include mature equipment (gas valves, pipes, etc.), technologies 
dedicated to metering, compressing, cooling and dispensing of high pressure hydrogen fuel (350bar/700bar) 
are not yet fully mature. These technological gaps need to be resolved in advance of a mass-market 
commercialisation of fuel cell vehicles in order to guarantee high station reliability standards and affordable fuel

• A large scale deployment of hydrogen refuelling stations:

o Is of paramount importance to support the creation of a commercial market for fuel cell vehicles, which 
in turn can unlock large GHG and Air Quality benefits (see separate roadmap)

o Can support a market for water electrolysers and high-pressure gaseous logistic solutions (discussed in 
the previous sections)

o Can generate a substantial market for UK-based industry players (manufacturing of system and 
components) as well as create local skilled jobs related to deploying and maintaining assets

Aims for 2025
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There are several active and latent UK players which can benefit 
from an expanding HRS market

• Other smaller UK-based gas companies could also move into the sector (Fuel 
Cell Systems) and there is substantial scope for other UK manufacturers  to 
become more active across the technology value chain (the UK has a long-
standing experience developing equipment for gas compression, cooling and 
delivery)

• Significant UK energy companies could also enter the market (Shell, BP)

• There are opportunities throughout the supply chain e.g. SGL and Haldanes
developing materials for lower cost composite tanks or Tokheim major 
manufacturer of fuel dispenser in Dundee

UK Latent potential

• Haskel (a US company with hydrogen and other gas equipment 
manufacturing capacity in UK)  is developing HRS

• Logan (a UK company) design, integrate, install, commission and maintain 
hydrogen production and refuelling stations solutions

• PURE (a UK company)  supplies and deploys hydrogen fuelling stations

• ITM Power also integrates and supply stations (as a part of their water 
electrolysis business) 

• All major gas companies in UK are international subsidiaries but can carry 
out technology development and  commercialisation activities in the UK.

UK Companies active in the sector Measures to promote UK strengths

• Funding programmes aimed at resolving 
specific technology gaps (related to 
hydrogen metering, hydrogen compression 
and cooling, etc.) can support UK 
companies in developing specialty 
products which can be marketed 
internationally and thus secure a leading 
market position (should novel 
technologies or solutions be developed 
before a large penetration of fuel cell 
vehicles) 

• This strategy would also attract latent 
players and secure continuity in the UK 
research environment. 

• The international HRS market can by itself 
support the development of this sector 
(e.g. via an increasing commercial demand 
for new HRS and related equipment) but 
this is likely to remain a low volume 
market in the near term (2016-2025) so 
any UK company will have to face a strong 
international competition
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UK capabilities
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Main technology-specific areas of improvements (2016-2020):

• Metering - the accuracy of existing meters is +/- 5% or worse, which is not sufficient 
to allow sale to the general public according to existing weights and measures 
legislation across most EU countries. Accuracy greater than +/-2% is required, which 
will require advances from meter manufacturers

• HRS reliability - current stations do not achieve the >98% availability level expected 
of equipment used in conventional fuel retailing. Current demonstrations are trialling 
new technical and network management solutions to resolve this

• HRS efficiency and high-capacity – work is required to demonstrate: reliability / cost 
efficacy of high-capacity 350bar (for buses) and 700bar (cars) refuelling stations (e.g. 
large high-pressure compressors, gas pre-coolers etc.); refuelling performance 
compatible with commercial needs (e.g. 5 vehicles per dispenser per hour or more, 
minimum of two back to back fuelling events with no waiting time between fills);  
minimise inefficiencies (H2 gas leaks, overall energy consumption per kg of hydrogen 
dispensed via optimised compressor management, optimised cold temperature 
process management, etc.)

• Integration in existing petrol / fuel stations – work is required to reduce the 
footprint of high-capacity HRS and standardise their integration in existing fuel 
stations. The industry lacks standard terms of reference (note: the UK BCGA is 
developing a Blue Book on this aspect)

There are a number of outstanding technology gaps in fuel retailing 
which need to be resolved in parallel with cost reduction
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• There still are a number of 
technical and economic 
needs which need to be 
resolved in order to make 
hydrogen refuelling market-
ready by 2020

• Existing HRS solutions are far 
from optimised and 
standardised (HRS designs 
and equipment greatly vary 
from project to project as 
well as by supplier) 

• Technology improvements 
are needed to improve the 
customer offer / commercial 
proposition to a standard 
comparable to traditional 
liquid fuel (right hand side)

Tasks
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Summary of the main technology needs and actions to support UK 
companies in developing competitive new solutions
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Aspect
Status / technology 

in use 
New technology options Action to support UK companies

Hydrogen 
metering 

H2 is difficult to 
measure (due to low 
molecular weight and 
low operating 
density). Existing 
technologies (e.g. 
based on differential 
pressure, 
vortex/turbine flow, 
thermal mass) have 
low accuracy (e.g. +/-
5% or worse)

New solutions are needed with accuracy greater 
than +/-2% (for fiscal metering applications):

Leading candidates are H2-specific  Coriolis meters:
provide a direct measurement of mass 
independently from changes in pressure and 
temperature via measuring frequency differential in 
counter-vibrating tubes through which H2 flows

• R&D programme to develop meters which 
can simultaneously meet all the 
requirements stated by the international 
standards for high-pressure H2 refuelling  
(e.g. SAE J2601) at high accuracies (no
commercial meter can achieve this 
currently). The programme should involve 
one or more testing facilities to mimic real-
world performance under fuelling conditions 
(e.g. high volume, high pressures and low 
temperatures) and understand how different 
dispenser designs can impact the meter 
workings 

Hydrogen 
compression

Hydrogen 
compression and 
cooling at the HRS are 
today performed with 
technology adapted 
from conventional 
industrial gas 
applications

There is a large scope for optimising on-site H2 
compression and cooling, from both an efficiency 
and reliability perspective. 

Cooling systems are required to cool H2 to -20 / -40 
°C to enable fast filling. Although closed-cycle 
refrigeration are well-established technologies, H2-
specifc components (e.g. H2 heat transfer 
equipment, etc.)  are less mature and there is scope 
for reducing energy consumption and costs

The adoption of new compressors  (e.g. 
electrochemical compressors, - see section on H2 
logistics) is needed to reduce energy consumption, 
gas contamination risk and improve HRS reliability

• National HRS rollout programmes  can be
designed to support (latent or active) UK
players in developing specialty products for
H2 compression and  cooling applications 
(e.g. in the form of competitive innovation 
funding programmes)

• A “breadboard” hydrogen station allowing 
safe trialling of different hydrogen station 
technologies could be developed in concert 
with a station operator

Hydrogen 
cooling

Tasks
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Summary of the main technology needs and actions to support UK 
companies in developing competitive new solutions
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Aspect Status / technology in use New technology options Action to support UK companies

Compact and 
better 
integrated HRS 
solutions

Current HRS have a combination 
of off-the-shelf H2 equipment
(such as low-pressure buffer 
tanks, pumps, containers to 
enclose core components etc.) 
and novel H2-specific 
technologies (dispensers, new 
compressors, etc.). HRS 
providers are experimenting with 
alternative  HRS designs which 
are not fully optimised 

There is a large scope for developing 
highly integrated HRS solutions, 
offering (non exhaustive):

• Minimum footprint for high-
volume dispensing solutions

• Underground H2 storage 

• Reduction of H2 leaks

• Optimised low-temperature / 
high pressure equipment

National HRS rollout programmes  can 
be designed to support innovation in 
HRS design and components 
integration.

Programmes should favour advanced 
streamlined HRS designs. The ultimate 
objective is  to develop UK-made fully-
integrated solutions which can reduce 
inefficiencies (H2 gas leaks, overall 
energy consumption per kg of hydrogen 
dispensed) and footprint.

Regulations for 
siting hydrogen 
refuelling 
stations

Current regulation (e.g. Control 
of Major Accident Hazards) limit 
the amount of hydrogen which 
can be stored on-site

The industry is working to include 
hydrogen in the ‘Blue Book’ for 
safety acceptance of forecourt 
installations

Support dialogue between regulators, 
health and safety officials and industry 
stakeholders in order to remove any 
outstanding barriers for on-site H2 use

Asset financing 

HRS today are mainly funded via 
public grant schemes (UK or EU) 
as very low fuel demand and 
high technology costs make 
stations not financeable via 
conventional private investments

New HRS financing models are 
emerging to support larger-scale 
deployments. These are based on 
public-private interventions and 
novel demands clustering 
approaches (see  next slide)

Vehicle rollout schemes designed to 
maximise the utilisation of refuelling 
assets (clustering of demand, captive 
fleet approaches, etc. – see next slide)

Tasks
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Summary of the main technology needs and actions to support UK 
companies in developing competitive new solutions
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Aspect Status / technology in use New technology options
Action to support UK 

companies

Consumer 
facing 
hydrogen 
billing systems

The current hydrogen stations have 
billing systems which are not 
compatible with sale to customers. 
These often require special cards or 
codes to access stations and don’t 
always allow e.g. credit card payment 
systems

This is a regulatory and practical issue. 
Current weights and measures legislation 
will not permit sale of hydrogen at today’s 
metering accuracy. Hence either more 
accurate meters are needed or a novel 
approach to overcome the accuracy issue 
will be required.

Practically, systems need to be developed 
in companies to allow sale direct to 
customers – there are no technical 
challenges here, simply the investment in 
systems etc. will need to be justified by 
scale in the demand for hydrogen.

Active discussions with 
existing weight and measures 
legislators to develop options 
which allow sale of product at 
the expected metering 
accuracy

Dialogue across Europe with a  
view to harmonising the billing 
experience across Europe

Novel 
customer offer 
for hydrogen 
fuel

Hydrogen prices will be high in the 
early years. Hydrogen retailers and 
vehicle OEMs will need to develop 
techniques to avoid these high prices 
deterring early customers.
Some of the early stations have been 
developed more as demonstrators 
(with associated high hydrogen cost,
and challenging user experience) and 
less with the customer in mind.

Bundling cost of hydrogen with the 
vehicle purchase price

Ensuring the other benefits of hydrogen 
are marketed to customers – lower 
volatility of hydrogen price, environmental 
benefits, smoother, cleaner driving etc

Encourage all actors to 
develop novel models
focussed on creating an 
attractive proposition for early 
customers

Support efforts by SMMT and 
the European projects to 
harmonise and improve the 
customer offer

Tasks
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The economics of fuelling stations requires 
large throughput capacities to cut costs
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Retailing costs analysis (HRS costs only) - £ / kg

~2025

0.6

One-off costs (Capex, installation, etc.)

Fixed Opex (3% of capex p.a.)

Electricity

Excluding margin on hydrogen

~ 2020

1.1

~ 2015

1.0

~ 2 tonne/day H2 
dispensing  capacity

500 kg/day H2 dispensing  
capacity

Working assumptions:

• HRS one-off costs (Capex, installation, etc.) as per NREL, Hydrogen 
Station Cost Estimates, 2013. 

• HRS life: 15 years

• HRS Learning rate based on FCH JU Powertrain for  Europe study 
(2011): 3% cost reduction for every doubling of installed capacity 

• HRS energy consumption: 1.25kWh/kg (for gaseous H2 delivery –
used for the graphics reported in this slide) and 3.08kWh/kg for on-
site production (as per UCD Transition Study,  Ogden and Nicholas, 
2011. Consistent with the US DOE Hydrogen Analysis (H2A) ) 

• Electricity price: £ 0.06/kWh

Cost reduction dependent 
on level of deployment

Change of HRS size and 
cost reduction to volume

• From a cost perspective, HRS inherently deliver better 
economics for large dispensing throughputs (see below). This 
is a consequence of the fact that HRS of different sizes often 
have the same equipment (e.g. same dispenser for example). 
Also, smaller equipment generally offer only a marginally 
small  capital cost advantage

• Cost reductions can also be expected via higher deployment 
volumes (learning) – this is however limited in scope as site-
specific one-off costs (such as land preparation, utility 
connection, permitting costs, etc.) only marginally decrease 
with volume

10,725

3,325 2,145

-69.0%

(>2016) 
~1,500kg/day

(>2016)      
~500kg/day

(2013)        
~150kg/dayS

HRS Capex, 
£/kg/day

1

-35.5%

Cost of installed units, including an estimate for installation, 
commissioning and land preparation costs

Better economy of scale: HRS fixed and H2 equipment costs 
penalise small systems as they do not scale well (adapted 

from: NREL, Hydrogen Station Cost Estimates, 2013)

Barriers and actions
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Clustering / consolidation of H2 fuel demand to secure a high asset utilisation and 
large throughputs is of paramount importance to deliver affordable fuel prices
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• The analysis considered in these slides focusses on technical 
and market barriers and thereby assumes high asset 
utilisation assumptions (90%) for clarity reasons

• However it is important to note that one of the main problem 
suffered by the industry today is poor utilisation of the 
assets (i.e. not sufficient fuel demand to level costs to an 
affordable level)

• Actions are thereby required to cluster early demand to 
secure a high utilisation of the assets

• For example, this can be achieved by:

o Adopting captive fleet approaches – construction of 
stations in localised clusters serving local captive fleets of 
vehicles (cars, vans, buses, etc.) 

o Use fuel contracts, where fuel cell users buy annual or 
multi-annual hydrogen fuel supply contracts

o Support assets and vehicle deployment together, e.g. in 
form of grant schemes which can support a minimum 
number of vehicle per funded stations 

o Prioritise large users (e.g. buses, HGV, LGVs) over smaller 
applications (e.g. cars)

2015 fuel cost analysis - £ / kg dispensed at the filling station

2015 fuel cost analysis - £ / kg dispensed at the filling station

Excluding taxes and margin on hydrogen
500kg/day HRS, all assets used at 90% utilisation

Excluding taxes and margin on hydrogen
500kg/day HRS, all assets used at 10% utilisation

12.3
8.8

3.7

8.9

1.6

Alkaline on-site 
electrolysis and 

retailing

17.8

9.0

PEM on-site 
electrolysis 

and retailing

21.3

9.0

Hydrogen price 
for cost parity 

with Diesel

5.8

3.6
2.2

Trucked SMR 
hydrogen 

and retailing

14.2

Barriers and actions

4.6
1.1

4.0
1.4

1.6

Alkaline on-site 
electrolysis and 

retailing

5.2

1.2

5.8

3.6
2.2
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Hydrogen fuel for road transport applications can be cost competitive by 
2025 based on the targets reported in this roadmap
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• This analysis assumes that the hydrogen production and 
distribution technologies discussed in this roadmap will 
achieve the central deployment  figures and resolve most of 
the technical barriers discussed in the following sections 

• A number of exogenous assumptions were made in order to 
reconstruct costs per kg of hydrogen dispensed at the 
refuelling stations:

o All assets are assumed to be fully utilised (90% capacity)

o Electricity and gas prices are assumed constant for clarity 
reasons (gas: 3p/kWh; electricity: 6p/kWh). Diesel prices 
increase (£0.93/l (2015) to £1.19/l (2025) excluding VAT).  
A constant fuel duty is assumed (57.95p/l). Price 
comparison analysis is for passenger cars (Reference 
diesel vehicle fuel efficiency: 4.7l/100km, reducing over 
time to 3.6l/100km by 2025).

o HRS include a higher energy consumption for on-site H2 
production (see HRS section)

o Fuel cell vehicle efficiency: ~ 0.76kg/100km (2015), 
~0.57kg/100 (2025)
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If hydrogen becomes available from pipelines this could further 
reduce the cost of hydrogen for transport
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• If hydrogen becomes widely available in pipelines (not expected until after 2025), then 
the cost of hydrogen at filling stations will fall considerably.

• The use of hydrogen pipelines would have the following benefits:

• Reduced need for hydrogen storage at the filling station, reducing capital costs 

• Easier siting as the safety implications are lower with less stored inventory – this is 
particularly relevant for large stations which may exceed the COMAH safety 
regulation if 2 and 5 tonne limits are exceeded

• Avoided cost of distribution

• Allowing economics of scale in production, by facilitating large production facilities 
(which can also access CCS systems – if available-required)

• Higher reliability of supply

• Taken as a whole these benefits of pipelines could reduce the cost of hydrogen supply 
at fuelling stations by £0.50-1/kg

• The cost of hydrogen pipelines is high (~£1m per km). Therefore until the demand for 
hydrogen at filling stations increases significantly, It is unlikely there will be hydrogen 
pipelines accessible to filling stations except where either a) the filling station is located 
near and existing production facility and so can justify a small pipeline or b) where 
pipeline are already being installed to satisfy an alternative end use, such as the heat 
sector (e,g, conversion of a town to 100% hydrogen networks).
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Overview of the deployment timeline, technology progress and 
possible actions for supporting this application

2016-2020 2020-2025 2025 onwards
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Development of accurate fiscal H2 meters

HRS system integration optimisation to reduce leaks, improve 
refuelling capacity, reliability and energy efficiency

R&D programme (with testing facility) to 
develop SAE J2601-compliant fiscal meters  
(compatible with all dispenser designs)

TARGET – advanced on-site 
technologies for H2 compression, 
purification  (e.g. PEM / catalyst 

based etc.) and cooling

Advanced H2 gas compression and purification technologies for on-site HRS applications 

HRS rollout support for seeding a national refuelling  
network and catalyse UK innovation on HRS components

Low-volume deployment aimed at 
improving the technology and reducing 

costs  (~20 HRS p.a.)

Large-volume market-driven 
deployment

Larger scale deployments to reach cost 
competitiveness via volume  

(~200/300 HRS p.a.)

R&D and technology optimisation 
efforts can be supported via  low 

deployment volumes (~ 10 hydrogen 
stations p.a.)

Larger deployment volumes (e.g. > 20  
HRS p.a.) will be required to cement the 

national HRS market and support the 
FCEV rollout

Advanced H2 gas cooling and low-T equipment for on-site HRS applications 

TARGET – meters which can simultaneously meet 
the all requirements stated by the international 

standards for high-pressure H2 refuelling 

Remove any outstanding barriers for on-site H2 use; improve utilisation of HRS 
by clustering demand and targeting fleet operators / large vehicle users

Continuity in supporting FC vehicle rollouts

TARGET – UK-made fully-integrated HRS solutions  
(high-capacity, small footprint,, etc. ) which can be 

competitive in the global market
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Most deployment volumes by 2020/2025 can generate sufficient 
demand to mature the hydrogen refuelling technology

• The main technical improvements required 
by 2020 are mainly dependent on 
technology innovation rather than absolute 
deployment volume

• Cost reductions post-2020 are  mainly 
dependent on the level of deployment and 
size of the HRS deployed. The capital cost 
trends for hydrogen refuelling stations 
discussed in the previous slides are 
consistent with the IEA global cumulative 
deployment scenarios (up to ~ 700 HRS 
units by 2020 and ~ 1,300 by 2025)

• High deployment rates post 2020 (e.g. 
should the H2 mobility sector experience a 
higher market penetration) can accelerate 
the rate of cost reductions across the HRS 
sector. Deployment volume is also needed 
to consolidate and expand the supply chain 
for high-pressure / low-temperature 
hydrogen-specific components (which will in 
turn reduce costs further)
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0
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20212020201920172015 20182016 20252023 20242022

200

~1,300

~700

Cumulative installed capacity
( # stations) – Global figures1

Central

Potential upside

FCEV Market not ready before 2025

Learning rate: 3% for every doubling of installed capacity (FCH JU 2011). 
HRS capacity: 700 HRS @ 500kg-H2/day by 2020; 1,000 HRS @ 500kg-
H2/day and 300 HRS @ ~ 1,800kg-H2/day by 2025

NOTE: global HRS deployment by 
2020 assumes that key players like 
Germany, Japan and US will rollout a 
dense HRS network before any large-
scale FCEV deployment 

Assumed global market sales for fuel 
cell electric vehicles (IEA 2015): 30,000 500,0001 - IEA HRS rollout scenario for United States, Japan and 

EU 4 (France, Italy, Germany and the United Kingdom)

Deployment scenarios
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There are a number of actions with potential to enhance the deployment 
of HRS

46

Scenario Actions
Deployment numbers

2015 2020 2025

High

• Increased financial support for FCEV deployment and 
HRS

• OEMs commit to affordable vehicles, with attractive end 
user play

• Availability of commercially attractive heavy duty 
vehicles

65 300

Central

• HRS rollout subsidy from public sector (pre-2020)
• Clustering strategy of new HRS
• Some OEM vehicles available in the UK
• Consistent support for FCEV deployment 
• R&D/investment to develop meters, billing systems
• Resolution to siting challenges, incorporation of 

hydrogen in the blue book etc

3 30 150

Low
• Insufficiently supported and uncoordinated rollout of 

HRS and FCEV deployment
• No funding for new stations

15 20

Deployment scenarios
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What is the UK benefit from reaching the aim in 2025?

Cumulative by 2025 Notes

Global addressable market up to 1,500  new HRS UK domestic market likely less 
than 10% of global marketGlobal addressable market value ~ £ 2 billion2

UK Share of Tradeable Global Market
Likely up to 15%

Assuming a high competitive 
advantage by 2025

Potential value for UK economy (GVA) ~ £ 0.1 billion (of which ~ 10% 
from UK market)

Assuming 50% of sales displace 
existing economic activity

Potential UK new job creation Several 100’s

• This application supports the global / national GHG gas reduction and Air Quality 
improvements as discussed in the road transport roadmap 

Note: cumulative market and GVA to 2030 can be up to 10 times bigger. The IEA (2015) roadmap1 assumes ~ 15,000 
HRS deployed globally by 2030, which implies HRS sales between 2025 and 2030 roughly 10 times bigger than 

between 2015 and 2025

1 - International Energy Agency (IEA), Technology Roadmap, Hydrogen and Fuel Cells (2015)
2 - All figures discounted at 3.5%
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The use of hydrogen in road applications can improve the overall 
UK balance of payments for transport fuel

48

• As hydrogen can be made from a wide variety 
of UK endogenous resources (natural gas, 
renewable electricity and biomass, for 
example) the UK economic activity associated 
with a switch to hydrogen fuel will be 
significantly greater than that for the same 
amount of kilometres driven using fossil fuels 
(diesel or petrol).

• The UK H2Mobility project calculated that 
well over £0.5 billion of additional economic 
value can be generated per annum as a result 
of the introduction of 1.6 million fuel cell 
vehicles in the UK (at current diesel and 
electricity prices)

Illustrative analysis of the value of increased domestic energy 
production and reduced imports by replacing fossil with 
hydrogen fuel in the passenger car sector. 

Source: UK H2Mobility Phase 1 report

UK benefit
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Focus applications

49

• Hydrogen from water electrolysis 

• Gaseous hydrogen purity control, compression and distribution

• Hydrogen retailing (refuelling stations)

• Link to the other roadmaps
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Links to other roadmaps

• Technology development on hydrogen fuel retailing (HRS), on-site production, purification, 
compression, distribution is necessary to support the rollout of fuel-cell powered road 
transport solutions (cars, vans, buses, trucks, etc.)

• Development in these technologies can also benefit other applications :

o On-board hydrogen storage, bulk hydrogen transport, compression, cooling and dispensing 
technologies for non-road applications

o Bulk hydrogen transport and on-site storage for FC-CHPs

Beneficial effects

• Any market for on-site hydrogen fuel production, purification, compression, distribution and 
retailing (HRS) technologies depends on pure hydrogen fuel demand for road transport 
applications (see roadmap on road transport applications)

• Demand could also originate from non-road transport applications (ferries, trains, etc.) but to 
a substantially lower level 

• Development of hydrogen pipelines can slash hydrogen delivery cost to stations and 
substantially reduce the hydrogen price at the pump

Dependencies
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Links to other roadmaps


