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The UK Set to Become a Global Hydrogen Leader

The realisation of the existential challenges associated with
worsening climate change has spurred global action, triggering a
transformative shift in how the world produces and consumes
energy. Recent technological advancements in clean energy
sources have coincided with this global push to decarbonise in order
to mitigate the effects of potentially catastrophic climate change,
making it possible to sustainably produce hydrogen on a mass
scale. This capability guide sets out hydrogen’s advantages and
many opportunities and why the UK is in an ideal position to
export its capability and expertise across the globe.

= Hydrogen is light, storable, energy-dense, and produces no
direct emissions of pollutants or greenhouse gases. It is also the
universe’s most abundant chemical, known simply as H,.

= Hydrogen has traditionally been produced using fossil fuels
and has therefore been responsible for around 830 million tonnes
of carbon dioxide per year.

= Through electrolysis and carbon capture technologies, hydrogen
now presents endless opportunities for sustainable energy
production, enabling the decarbonisation of a range of sectors,
including transport, chemicals, and iron and steel.

= The UK has led in the green technologies sector and become the
first country in the world to legislate the goal of reducing
emissions to Net Zero by 2050.

= The UK is ideally positioned to lead the global switch from fossil
fuels to hydrogen. In order to more quickly scale up the hydrogen
sector, the UK is supporting both Blue and Green Hydrogen
production.
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Strong Hydrogen Foundations

Home to a Fast-Growing Green Energy Sector

The UK has both an existing strength in and continuing ambitious
goals for its renewable technologies economy that will be critical in
developing the hydrogen sector. In 2019, the UK obtained 19.8% of
its primary energy from low carbon sources, up from 9.4% in
2000. Our offshore wind sector in particular is a stunning success
story, built through decisive government leadership and support
alongside private investment.

One of the ways in which the government has enabled this growth
has been offering Contracts for Difference. CfDs are the main
support mechanism for large scale low-carbon electricity generation
projects. Successful projects are awarded a long-term contract
which secures a price to which they will either be topped up if
electricity prices are low, or pay back to if electricity prices are high.
The Hydrogen Business Models will offer an analogous support
mechanism to cover the cost differential of low- carbon hydrogen vs.

fossil fuels.
460,000 £10.6bn 98,000
investment in employed in the

employed in low-
carbon industries in electricity in 2019, electricity industries
20109. double the amount in in 2019.
2007.

According to the International Energy Agency, wind and
solar are expected to reach above 50% of the UK’s

power production by 2030, more than in any other IEA
member country.

Sources: UK Gov, ‘UK Energy in Brief 2020,’ 2020; IBISWorld, ‘Non-hazardous waste
treatment and disposal in the UK,’ 2019; UK Gov, ‘Ten Point Plan,” Nov 2020; IEA, ‘United
Kingdom: Wind Electricity Generation, UK 1990-2019,’ 2021; UK Hydrogen Strategy, 2021.

1%,

Buttressed by government support, the UK’s wind
electricity generation has increased from 10.2TWh in
2010 to 64.1TWh in 2019, an increase of 524%. We
now generate more electricity from offshore wind
than any other country and aim to produce 40GWh
of offshore wind, including 1GW of innovative
floating offshore wind, by 2030 across key clusters.

The UK’s nuclear energy sector continues to provide
a reliable source of low-carbon electricity,
producing 37% of the UK’s low carbon energy in
2019. While still pursuing large-scale nuclear, we
are looking to the future through further investment
in Small Modular Reactors and Advanced Modular
Reactors, committing £170m in R&D on AMR.
These reactors could operate at high-intensity heat,
unlocking efficient production of hydrogen.

The UK’s existing hydrogen research base is
strong. As the second most active country in
hydrogen and fuel cell research in Europe, we
are well placed to capture part of the global
innovation potential in the hydrogen value chain
and position the UK as a leading hydrogen
technology developer.
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Strong Hydrogen Foundations

Experience in Heavy Industry

The UK has earned a worldwide reputation as an international
centre of engineering excellence. Engineering employs 5.6
million people in the UK with a 5.1% increase in employment over
the last 5 years. Engineering generates 21.4% — £1.2 trillion — of
the UK's total turnover.

71% of the hydrogen produced globally today is fed into the
chemicals and oil refinery industries. The UK'’s existing capability in
hydrogen across these industries provides the sector not just with a
large pool of engineering talent with experience producing grey
hydrogen but with partners for collaborative innovation and an
industrial market in which to scale up — domestically and
internationally.

Decarbonisation Roadmaps

Because the industrial sector represents nearly a quarter of UK
emissions, the government set out decarbonisation roadmaps for
the eight most heat-intensive industrial sectors (i.e. iron & steel,
chemicals, oil refining, etc.); this effort is supported by the £315m
Industrial Energy Transformation Fund.

Industry has joined the effort: OGUK, the
UK's leading trade association for the offshore
oil & gas industry, has released its own plan —
‘Roadmap 2035: A Blueprint for Net Zero’ with
hydrogen playing a significant role.

Hydrogen

27TWh ~95%
Hydrogen produced
through SMR globally

Current total UK hydrogen
production

Oil & Gas

£7.8bn

investment in the oil & gas
industries in 2019.

280,000

employed in the oil & gas
industries.

1.7m barrels
of oil equivalent are
produced per day in the
UK.

£27bn

of industry turnover, c.40%
through exports.

Chemicals

153,000 £19.2bn £57.6bn

employed in the Gross Value Added of chemicals exports
chemical industry. in 2018. in 2019.

Sources: Engineering UK, Key Facts & Figures’, 2019, UK Gov, ‘UK Energy in Brief 2020,
2020; H2FC SUPERGEN, ‘Opportunities For Hydrogen And Fuel Cell Technologies To
Contribute To Clean Growth In The UK,” May 2020; Statista, ‘Chemical Industry in the UK,’
2020;


https://www.gov.uk/government/publications/industrial-decarbonisation-and-energy-efficiency-action-plans
https://www.gov.uk/government/collections/industrial-energy-transformation-fund
https://roadmap2035.co.uk/
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https://www.gov.uk/government/publications/industrial-decarbonisation-and-energy-efficiency-action-plans
https://www.gov.uk/government/collections/industrial-energy-transformation-fund
https://roadmap2035.co.uk/

A History of Climate Change Leadership

Sources: UK Gov, ‘UK becomes first major economy to pass net zero emissions law,’ Jun
2019; UK Gov, ‘UK primed for capital investment,” Oct 2019, ‘Solving the Integration
Challenge’, OWIC & ORE Catapult, July 2020, UK Hydrogen Strategy, Aug 2021.

Net Zero

In 2019, the UK became the first major economy in the world to pass
laws to end its contribution to global warming by 2050. The target
will require the UK to bring all greenhouse gas emissions to net
zero by 2050, compared with the previous target of at least 80%
reduction from 1990 levels.

The UK has already reduced emissions by 42%, and estimates
show the low carbon economy in the UK could grow 11 per cent per
year between 2015 and 2030 — over four times faster than the rest of
the economy. This could see the number of “green collar jobs” grow
to 2 million and the value of exports from the low carbon
economy grow to £170 billion a year by 2030. Analysis suggests
that in 2030 the UK hydrogen economy alone could be worth £900m
and support over 9,000 jobs.

Ten Point Plan

In November 2020, the Prime Minister outlined his ambitious Ten
Point Plan for a Green Industrial Revolution. Spanning 10 areas
including clean energy, buildings, transport, and innovative
technologies, the plan will mobilise £12bn of government
investment and unlock three times as much private sector
investment by 2030.The plan’s commitments on green buildings,
carbon capture use and storage, offshore wind and internal
combustion engine phase out, all create commercial opportunities
for hydrogen in the UK.


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/936567/10_POINT_PLAN_BOOKLET.pdf
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UK Hydrogen Strategy

Overview

The UK Hydrogen Strategy is an extension of
the Prime Minister’'s Ten Point Plan for a Green
Industrial Revolution, setting out a regulatory
and market framework for how we will deliver
our ambition of 5GW installed low carbon
hydrogen production capacity by 2030.

The Government’s roadmap to 2030 expects
most projects to be small (up to 20MW)
electrolytic projects with a closely-linked, local
end use in the early 2020s, larger (up to
100MW) electrolytic projects supporting a
broader range of hydrogen uses by the mid-
2020s before scaling up to 500MW+ blue
hydrogen production facilities by the end of the
decade.

Sources: UK Hydrogen Strategy, Aug 2021.

Supporting the Hydrogen Strategy

Measures included in the UK’s first-ever Hydrogen Strategy are:

= A consultation on the design of the £240 million Net Zero Hydrogen Fund, which aims to
support the commercial deployment of new low carbon hydrogen production plants across
the UK.

= Collaborating with industry to develop a UK standard for low carbon hydrogen giving
certainty to producers and users that the hydrogen the UK produces is consistent with net
zero while supporting the deployment of hydrogen across the country.

= A consultation on the preferred Hydrogen Business Model to provide longer term revenue
support to hydrogen producers to overcome the cost gap between low carbon hydrogen and
conventional fossil fuels.

= A ‘twin track’ approach to support multiple technologies including ‘green’ electrolytic and
‘blue’ carbon capture-enabled hydrogen production, and committing to providing further
detail in 2022 on the government’s production strategy.

= A review to support the development of the necessary network and storage infrastructure to
underpin a thriving hydrogen sector.

= Working with industry to assess the safety, technical feasibility, and cost effectiveness of
blending 20% hydrogen into the existing gas supply. Doing so could deliver a 7% emissions
reduction on natural gas.

= A commitment to launch a hydrogen sector development action plan in early 2022 setting out
how the government will support companies to secure supply chain opportunities, skills and
jobs in hydrogen.

11
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UK Hydrogen Strategy

Figure 1.3: Proposed UK electrolytic and CCUS-enabled hydrogen
production projects
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Sources: UK Hydrogen Strategy, Aug 2021.

Key commitments

BEIS grant funding to support fuel switching technologies, including low carbon hydrogen,
through Phase 2 of the £315m Industrial Energy Transformation Fund.

* Hydrogen for heat trials — a hydrogen neighbourhood by 2023, hydrogen village by 2025 and
potential pilot hydrogen town by 2030.

+  Consultation on ‘hydrogen-ready’ boilers by 2026.

*  Multi-million pound support for transport decarbonisation, including for deployment, trials and
demonstration of hydrogen buses, HGVs, shipping, aviation and multi-modal transport hubs.

*  Assessment of the value for money case for blending up to 20 per cent hydrogen into the
existing gas network by late 2022, and aim to make a final policy decision in late 2023.

13
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Export capability in a growing UK hydrogen sector
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Sources: H2FC SUPERGEN, ‘Opportunities For Hydrogen And Fuel Cell Technologies To
Contribute To Clean Growth In The UK,” May 2020; UK Gov, ‘Ten Point Plan,” Nov 2020; EY,
‘Renewable Energy Country Attractiveness Index (RECAI),” Nov 2020; Hydrogen & fuel cells
EINA, Nov 2019. The image above depicts all EIC members that fall within the
“hydrogen (derived)” category.
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Over 66% of UK hydrogen companies surveyed already export goods and
services to the growing hydrogen market. Low carbon hydrogen could support
up to 100,000 UK jobs by 2050 with £0.5 billion export opportunities.

The UK has been consistently within the top ten countries globally for
hydrogen technology patent rates. UK hydrogen companies have world
leading fuel cell, hydrogen production and material technologies, and some
have secured substantial foreign direct investment. Consulting, transport, and
fuel cells are the most common market areas, but companies work across the
entire supply chain.

196 companies in the UK work on Hydrogen Fuel Cell (H2FC) technologies,
ranging from micro spin-offs to multinational companies with H2FC divisions, as
shown in the graph below.

Company Size
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https://www.gov.uk/government/publications/energy-innovation-needs-assessments
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Capability Across The Hydrogen Value Chain

Blue
Hydrogen

Green
Hydrogen

Storage

Distribution

Steam Reformation

Carbon Capture

Electrolysers

Surface Bulk Storage

Subsurface Storage

Pipelines
Freight Transport

Refuelling Stations

Hydrogen & Its Myriad Applications

UK companies with hydrogen ready technology are already
exporting overseas particularly in fuel cell technology, methane
reforming, green hydrogen production and project life cycle
capability.

The UK has several Engineering, Procurement & Construction
Companies (EPCs) who are currently transitioning their skills,
capability and supply chains to clean growth projects including
hydrogen projects. The UK is leading through trialling how hydrogen
can be integrated into current energy systems and testing its many
potential applications in numerous projects across the value chain.
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Supply chain analysis

The UK excels at:

* Water electrolysis materials, engineering, stacks and systems
(power to gas and refuelling)

» Methane reforming catalysts and process engineering
» Consultancy including project development and safety

* Fuel cells including high power density PEM and Solid Oxide
Fuel Cells (SOFC)

« Transport applications including bus design and combustion
engine conversion

» Storage facilities such as salt caverns
» Prototypes for hydrogen ready boilers

Sources: UK Gov, ‘Energy White Paper: Powering Our Net Zero Future,” Dec 2020;
Hydrogen Europe, ‘Electrolysers,’ accessed Feb 2021; IEA, ‘The Future of Hydrogen,” 2019;
IRENA, ‘Hydrogen: A Renewable Energy Perspective,” 2019.
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Capability — Blue Hydrogen

Steam Reformation

Blue

Hydrogen

Carbon Capture

Manufacturers:
Generation technologies:

(LCH™ technology)
(Terrace Wall™)

Carbon capture solutions:

Developers, consultancies:

Sources: Energy Voice

Blue Hydrogen:

Blue hydrogen is produced by splitting natural gas into hydrogen and
CO2, either through Steam Methane Reforming (SMR) or Auto
Thermal Reforming (ATR), with the CO2 being captured and then
stored. The ‘capturing’ is done through Carbon Capture Usage and
Storage (CCUS) technology, and mitigates the environmental impact
of the otherwise emissions-intensive SMR or ATR processes.

Blue hydrogen is considered fundamental in kick starting the
establishment of a hydrogen economy in the UK and we have
unigque geological advantages for carbon storage. .
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https://www.hydrasun.com/markets/renewable-energy/hydrogen-energy/
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/low-carbon-hydrogen
https://www.magmagroup.com/catalysts/services/reforming/magcat-textured-catalyst-technology
https://www.woodplc.com/insights/viewpoints/hydrogen-viewpoint
https://www.carbonclean.com/media-center/news/carbon-clean-joins-forces-with-bayotech-to-develop-hydrogen-and-carbon-capture-solutions
https://www.tpgroupglobal.com/what-we-do/bespoke-engineering-solutions/renewable-energy-systems/renewable-carbon-capture
https://www.arup.com/expertise/industry/energy/hydrogen
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-bolsters-uk-blue-hydrogen-plans-by-reaching-agreements-with-more-potential-customers.html
https://www.costain.com/what-we-do/energy/energy-transition/hydrogen-and-carbon-capture-and-storage/
https://www.erm.com/sustainability-report/impact-with-clients/low-carbon-economy-transition/acorn-ccs-hydrogen-project/
https://www.equinor.com/en/what-we-do/hydrogen.html
https://pale-blu.com/home/what-we-do/ccus/
https://www.storegga.earth/projects/
https://www.storegga.earth/projects/
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.petrofac.com/en-gb/media/news/petrofac-to-support-leading-uk-ccs-and-hydrogen-project/
https://www.progressive-energy.com/what-we-do
https://www.energyvoice.com/renewables-energy-transition/hydrogen/314836/blue-hydrogen-key-to-forming-uks-hydrogen-backbone-says-ogtc-boss/
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Carbon capture solutions: FxIBEERRF F

Developers, consultancies: F2EE KR AT
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https://www.hydrasun.com/markets/renewable-energy/hydrogen-energy/
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/low-carbon-hydrogen
https://www.magmagroup.com/catalysts/services/reforming/magcat-textured-catalyst-technology
https://www.woodplc.com/insights/viewpoints/hydrogen-viewpoint
https://www.carbonclean.com/media-center/news/carbon-clean-joins-forces-with-bayotech-to-develop-hydrogen-and-carbon-capture-solutions
https://www.tpgroupglobal.com/what-we-do/bespoke-engineering-solutions/renewable-energy-systems/renewable-carbon-capture
https://www.arup.com/expertise/industry/energy/hydrogen
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-bolsters-uk-blue-hydrogen-plans-by-reaching-agreements-with-more-potential-customers.html
https://www.costain.com/what-we-do/energy/energy-transition/hydrogen-and-carbon-capture-and-storage/
https://www.erm.com/sustainability-report/impact-with-clients/low-carbon-economy-transition/acorn-ccs-hydrogen-project/
https://www.equinor.com/en/what-we-do/hydrogen.html
https://pale-blu.com/home/what-we-do/ccus/
https://www.storegga.earth/projects/
https://www.storegga.earth/projects/
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.petrofac.com/en-gb/media/news/petrofac-to-support-leading-uk-ccs-and-hydrogen-project/
https://www.progressive-energy.com/what-we-do
https://www.energyvoice.com/renewables-energy-transition/hydrogen/314836/blue-hydrogen-key-to-forming-uks-hydrogen-backbone-says-ogtc-boss/

Capability — Green Hydrogen

Green Electrolysers
Hydrogen

Manufacturers:

Electrolyser systems:

. - Membrane-Free Electrolyser™
with cryogenic separation

. - PEM

Catalyst coated membranes:

Anionic exchange membranes:

Catalysts & coatings:
. (PEM catalysts)

Compression solutions:

Sources: Greensight, Jan 2021; Johnson Matthey

Green Hydrogen:

Green hydrogen is produced by splitting water through renewable
energy-powered electrolysers. This produces only hydrogen and
oxygen, without CO2 as a by-product. There are two main types of
electrolyser technology: Alkaline (ALK) and Proton Exchange
Membrane (PEM). PEM electrolysers are considered the next
generation of technology, as they are more able to cope with the
intermittent nature of electricity from wind or solar. Green hydrogen is
currently more costly than blue hydrogen, but electrolyser costs are
expected to halve by 2040-2050.

While scale up of blue hydrogen will help build the hydrogen demand
economy, a move towards green hydrogen is seen as inevitable in the
long-run. Only 2% of current global hydrogen production is
produced through electrolysis, presenting an enormous opportunity
for UK capability.

Developers, consultancies:
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https://www.cph2.com/our-technology/hydrogen-as-energy/
https://www.itm-power.com/products
https://www.tpgroupglobal.com/what-we-do/bespoke-engineering-solutions/renewable-energy-systems/hydrogen-energy-systems
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/green-hydrogen
https://www.afcenergy.com/products/alkamem/
https://www.ceimig.co.uk/
https://www.ceimig.co.uk/
https://www.tfphydrogen.com/
https://www.howden.com/en-us/news/green-hydrogen-compression-to-everfuel
https://www.greensight.no/2021/01/03/technology-electrolysers-part-3/
https://www.greensight.no/2021/01/03/technology-electrolysers-part-3/
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/green-hydrogen
https://www.arup.com/projects/scottish-hydrogen-assessment-project
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-and-orsted-to-create-renewable-hydrogen-partnership-in-germany.html
http://globaltowersolutions.com/
https://www.ineos.com/news/ineos-group/ineos-launches-a-new-clean-hydrogen-business-to-accelerate-the-drive-to-net-zero-carbon-emissions/
https://octopus.energy/press/octopus-energy-and-res-boost-uk-green-hydrogen-economy-with-3bn-investment/
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.petrofac.com/en-gb/media/news/petrofac-to-support-australias-largest-commercial-scale-green-hydrogen-project/
https://protium.green/
https://www.woodplc.com/news/latest-press-releases/2021/Wood-and-NEL-Hydrogen-enter-into-global-framework-agreement

Green
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Hydrogen ERRIE

Manufacturers: 23i&ER .
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. - PEM EFR#E

Catalyst coated membranes: #E{EHIZEEE -

Anionic exchange membranes: f2Bf 73 E

Catalysts & coatings: fE{EH & E/E
. (PEM {E1LHl)

Compression solutions: BR4REZR T2

EMAE - Greensight (2021 1 /); Johnson Matthey

ok
RE

V—

HEZEEZERBERERRENERER K B - IL—BRERAGESE
[RMNER - RE_A(LIX(CO,)E Em - ERERIMEZGME : ik
(ALK)AE FRXIEEPEM) - PEMEREHRRD AT M —REiT - RAERE
RITECRBEERE N KA GRERE 2B AE - #E2H Al SRS
tEEESE S - 1BFRHAZEI 7 2040-20505 R - BREER AT LZREF -

BEBAURESAPNEUSEREE - B—RIA5  FozsiE
AN RIEBES - BRIZKRB20NEEESEREREEN -
ErHREENMNS - BERERARIEE -

Developers, consultancies: Fi22E K EERI AT
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https://www.cph2.com/our-technology/hydrogen-as-energy/
https://www.itm-power.com/products
https://www.tpgroupglobal.com/what-we-do/bespoke-engineering-solutions/renewable-energy-systems/hydrogen-energy-systems
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/green-hydrogen
https://www.afcenergy.com/products/alkamem/
https://www.ceimig.co.uk/
https://www.ceimig.co.uk/
https://www.tfphydrogen.com/
https://www.howden.com/en-us/news/green-hydrogen-compression-to-everfuel
https://www.greensight.no/2021/01/03/technology-electrolysers-part-3/
https://www.greensight.no/2021/01/03/technology-electrolysers-part-3/
https://matthey.com/en/markets/energy-generation-and-storage/hydrogen/green-hydrogen
https://www.arup.com/projects/scottish-hydrogen-assessment-project
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-and-orsted-to-create-renewable-hydrogen-partnership-in-germany.html
http://globaltowersolutions.com/
https://www.ineos.com/news/ineos-group/ineos-launches-a-new-clean-hydrogen-business-to-accelerate-the-drive-to-net-zero-carbon-emissions/
https://octopus.energy/press/octopus-energy-and-res-boost-uk-green-hydrogen-economy-with-3bn-investment/
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.petrofac.com/en-gb/media/news/petrofac-to-support-australias-largest-commercial-scale-green-hydrogen-project/
https://protium.green/
https://www.woodplc.com/news/latest-press-releases/2021/Wood-and-NEL-Hydrogen-enter-into-global-framework-agreement

Capability — Storage

Surface Bulk Storage

Storage

Subsurface Storage

Storage solutions:

For vehicles:

Solutions & integration:

Consultancies:

Sources: BOC, UK Hydrogen Strategy, p.45.

Hydrogen Storage:

Storage is an essential step in the hydrogen supply chain. Surface
storage options include compressed and liquid storage: Hydrogen
can be compressed into large tanks without liquefying, which is
generally the preferred option. Hydrogen can also be stored as a
liquid at very low temperatures (-253°C). Specially insulated tanks
are required for this option. Due to the high energy density of liquid
hydrogen, less space is required on site.

Subsurface options are dependent on geology, including salt
caverns and depleted oil & gas fields. Hydrogen has been stored
in caverns under Teesside since the 1970s and there is potential to
repurpose caverns currently used for storing natural gas. The British
Geological Survey suggests we have significant rock salt formations
with potential for 1000s of terawatt hours of future storage.
Underground storage is able to provide large volume storage at
lowest cost per unit of energy stored. This is a significant strategic
advantage for the UK compared to many other countries.

Hydrogen also has a key advantage over conventional electricity
storage methods, mainly lithium batteries, namely its ability to be
stored in large quantities for long periods of time, over days, weeks
or even months, at low cost.
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https://acousticdata.com/sonicgauge-underground-energy-storage-monitoring/
https://www.chesterfieldcylinders.com/2021/06/30/chesterfield-special-cylinders-confirms-first-shell-order-for-netherlands-hydrogen-refuelling-station/
https://www.pressure-vessels.co.uk/about-us/
https://www.h2gopower.com/
https://www.kubagen.co.uk/
https://www.upstreamonline.com/hydrogen/equinor-and-sse-look-to-develop-one-of-worlds-largest-hydrogen-storage-facilities/2-1-1041114
https://www.arcolaenergy.com/products
https://www.luxfercylinders.com/products/alternative-fuel/h2-fuel-systems
https://www.luxfercylinders.com/products/alternative-fuel/h2-fuel-systems
https://www.boconline.co.uk/en/products-and-supply/hydrogen-energy-solutions/hydrogen-distribution-storage.html
https://www.howden.com/en-us/industries/renewable-energy/hydrogen/hydrogen-storage
https://www.hydrasun.com/markets/renewable-energy/hydrogen-energy/
https://www.ineos.com/news/ineos-group/ineos-launches-a-new-clean-hydrogen-business-to-accelerate-the-drive-to-net-zero-carbon-emissions/
https://www.mcdermott.com/Markets-Served/Industrial-Storage/Storage-Tanks-Vessels/Low-Temperature-Cryogenic-Storage/Low-Temperature-Storage
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.ercevolution.energy/carbon-capture-utilisation-and-storage/
https://hydrenor.com/hydrenor-launches-first-underground-hydrogen-storage-advisory-business-in-the-uk/
https://www.boconline.co.uk/en/products-and-supply/hydrogen-energy-solutions/hydrogen-distribution-storage.html
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Solutions & integration: fFRFER & BE

Consultancies: BEERS A S :

ERAIR - BOC ZEZAC #HE (545 K).


https://acousticdata.com/sonicgauge-underground-energy-storage-monitoring/
https://www.chesterfieldcylinders.com/2021/06/30/chesterfield-special-cylinders-confirms-first-shell-order-for-netherlands-hydrogen-refuelling-station/
https://www.pressure-vessels.co.uk/about-us/
https://www.h2gopower.com/
https://www.kubagen.co.uk/
https://www.upstreamonline.com/hydrogen/equinor-and-sse-look-to-develop-one-of-worlds-largest-hydrogen-storage-facilities/2-1-1041114
https://www.arcolaenergy.com/products
https://www.luxfercylinders.com/products/alternative-fuel/h2-fuel-systems
https://www.luxfercylinders.com/products/alternative-fuel/h2-fuel-systems
https://www.boconline.co.uk/en/products-and-supply/hydrogen-energy-solutions/hydrogen-distribution-storage.html
https://www.howden.com/en-us/industries/renewable-energy/hydrogen/hydrogen-storage
https://www.hydrasun.com/markets/renewable-energy/hydrogen-energy/
https://www.ineos.com/news/ineos-group/ineos-launches-a-new-clean-hydrogen-business-to-accelerate-the-drive-to-net-zero-carbon-emissions/
https://www.mcdermott.com/Markets-Served/Industrial-Storage/Storage-Tanks-Vessels/Low-Temperature-Cryogenic-Storage/Low-Temperature-Storage
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.ercevolution.energy/carbon-capture-utilisation-and-storage/
https://hydrenor.com/hydrenor-launches-first-underground-hydrogen-storage-advisory-business-in-the-uk/
https://www.boconline.co.uk/en/products-and-supply/hydrogen-energy-solutions/hydrogen-distribution-storage.html

Capability - Distribution

Pipelines
Distribution Freight Transport

Refuelling Stations

Hydrogen refuelling station operators
/ Hydrogen as a service:

Components:
Hydrogen hoses & piping:

Compressors & valves:

Hydrogen Distribution:

The UK is currently establishing valuable expertise through several
hydrogen blending pilot projects across its gas networks. The UK
also has capability in the design, engineering, integration and
operation of hydrogen refuelling stations, related components, as
well as hydrogen distribution as a service.

Engineering consultancies & developers:

(solutions for blending)

Hydrogen refuelling solutions
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https://www.itm-power.com/h2-stations
https://www.octohydrogen.com/
https://www.hydrasun.com/markets/renewable-energy/hydrogen-energy/
https://ph.parker.com/gb/en/hydrogen-hose-2440p-04v32
https://www.haskel.com/en-gb/products/hydrogen-refueling
https://www.howden.com/en-us/industries/renewable-energy/hydrogen/hydrogen-refueling-stations
https://www.valves.co.uk/
https://www.costain.com/news/news-releases/costain-part-of-proving-hydrogen-can-be-distributed-via-existing-gas-networks/
https://fichtner.co.uk/sectors/renewable/
https://www.ottosimon.co.uk/emergent-technology
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.progressive-energy.com/
https://www.thyson.com/solutions/decarbonisation-hydrogen-solution/
https://www.boconline.co.uk/en/products-and-supply/hydrogen-energy-solutions/hydrogen-distribution-storage.html
https://cmb.tech/solutions/h2-infra
https://www.fuelcellsystems.co.uk/hydrogen-refuelling
https://www.haskel.com/en-gb/products/hydrogen-refueling/turnkey-hydrogen-refueling-stations
https://www.nanosun.co.uk/
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. : BE
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3% HE
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JIIE=AI

Hydrogen refuelling station operators
/ Hydrogen as a service: SiR/NmILFEE/HES IR !

Components: To :
Hydrogen hoses & piping: S REE & % :

Compressors & valves: [B4E & FAFT :
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Engineering consultancies & developers: T2EERAS & FEE

CEGRRTIE)

Hydrogen refuelling solutions: SR 1K :
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https://www.itm-power.com/h2-stations
https://www.octohydrogen.com/
https://www.hydrasun.com/markets/renewable-energy/hydrogen-energy/
https://ph.parker.com/gb/en/hydrogen-hose-2440p-04v32
https://www.haskel.com/en-gb/products/hydrogen-refueling
https://www.howden.com/en-us/industries/renewable-energy/hydrogen/hydrogen-refueling-stations
https://www.valves.co.uk/
https://www.costain.com/news/news-releases/costain-part-of-proving-hydrogen-can-be-distributed-via-existing-gas-networks/
https://fichtner.co.uk/sectors/renewable/
https://fichtner.co.uk/sectors/renewable/
https://www.ottosimon.co.uk/emergent-technology
https://www.penspen.com/capabilities/sectors/the-hydrogen-economy/
https://www.progressive-energy.com/
https://www.thyson.com/solutions/decarbonisation-hydrogen-solution/
https://www.boconline.co.uk/en/products-and-supply/hydrogen-energy-solutions/hydrogen-distribution-storage.html
https://cmb.tech/solutions/h2-infra
https://www.fuelcellsystems.co.uk/hydrogen-refuelling
https://www.haskel.com/en-gb/products/hydrogen-refueling/turnkey-hydrogen-refueling-stations
https://www.nanosun.co.uk/

Capability — Downstream applications

Fuel Cell Transport
Heat & Power Generation

Industrial Feedstock & Oil
Refineries

Heat & Power Generation:
Hydrogen boilers:

Hydrogen turbines & compression

Engineering consultancy:

(Engineering, Installation, Maintenance)

Road & rail transport:
(cars)
(dual fuel tech for commercial fleets)

(trains)

Excavators/ construction equipment:

Consultancies:

Downstream applications:

The UK has capability across the downstream segment - from
innovative fuel cell technologies, hydrogen turbines and boilers, to
various modes of transportation.

Aviation

. (Turbo-Air Cooled HTPEM Hydrogen Fuel Cell
Systems for aircrafts)

Fuel cells (FC):
(microtubular solid oxide FC)
(alkaline FC)

(solid oxide FC- SteelCell®)
(direct methanol FC)
(PEM FC)

Integration & systems engineering:

Catalysts, membranes & coatings:
(PEM catalysts)
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https://adelan.co.uk/
https://www.afcenergy.com/technology/
http://www.auriga-energy.com/products/
https://www.brambleenergy.com/technology-be
https://www.ceres.tech/technology/
http://www.enocell.com/
https://www.intelligent-energy.com/hydrogen-landscape/
https://www.arcolaenergy.com/engineering-services?hsCtaTracking=113f08e2-8b84-47e7-b5e4-a9a69afa8081|a573a09d-59f4-46e9-9242-5a6a61be43eb
https://www.fuelcellsystems.co.uk/products
https://www.loganenergy.com/about/
https://www.ceimig.co.uk/
https://www.ceimig.co.uk/
https://matthey.com/en/products-and-services/fuel-cells
https://www.tfphydrogen.com/
https://www.baxiheating.co.uk/the-future-of-heat
https://www.worcester-bosch.co.uk/hydrogen
https://www.bakerhughes.com/hydrogen-technologies
https://www.arup.com/expertise/industry/energy/hydrogen
https://www.costain.com/what-we-do/energy/energy-transition/the-high-value-of-hydrogen-to-regional-growth-strategies/
https://www.clarke-energy.com/2021/sterling-pharma-solutions-chp-plant/
https://www.riversimple.com/
https://ulemco.com/hydrogen-dual-fuel/
https://www.wrightbus.com/
https://www.alstom.com/press-releases-news/2020/12/alstoms-hydrogen-train-successfully-completes-three-months-testing
https://vivarail.co.uk/vivarails-technology/#traction
https://www.jcb.com/en-gb/news/2020/07/jcb-leads-the-way-with-first-hydrogen-fuelled-excavator
https://www.arup.com/expertise/industry/energy/hydrogen
http://www.element-energy.co.uk/sectors/hydrogen-and-fuel-cells/
https://www.zeroavia.com/
https://hypoint.com/
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https://adelan.co.uk/
https://www.afcenergy.com/technology/
http://www.auriga-energy.com/products/
https://www.brambleenergy.com/technology-be
https://www.ceres.tech/technology/
http://www.enocell.com/
https://www.intelligent-energy.com/hydrogen-landscape/
https://www.arcolaenergy.com/engineering-services?hsCtaTracking=113f08e2-8b84-47e7-b5e4-a9a69afa8081|a573a09d-59f4-46e9-9242-5a6a61be43eb
https://www.fuelcellsystems.co.uk/products
https://www.loganenergy.com/about/
https://www.ceimig.co.uk/
https://www.ceimig.co.uk/
https://matthey.com/en/products-and-services/fuel-cells
https://www.tfphydrogen.com/
https://www.baxiheating.co.uk/the-future-of-heat
https://www.worcester-bosch.co.uk/hydrogen
https://www.bakerhughes.com/hydrogen-technologies
https://www.arup.com/expertise/industry/energy/hydrogen
https://www.costain.com/what-we-do/energy/energy-transition/the-high-value-of-hydrogen-to-regional-growth-strategies/
https://www.clarke-energy.com/2021/sterling-pharma-solutions-chp-plant/
https://www.riversimple.com/
https://ulemco.com/hydrogen-dual-fuel/
https://www.wrightbus.com/
https://www.alstom.com/press-releases-news/2020/12/alstoms-hydrogen-train-successfully-completes-three-months-testing
https://vivarail.co.uk/vivarails-technology/#traction
https://www.jcb.com/en-gb/news/2020/07/jcb-leads-the-way-with-first-hydrogen-fuelled-excavator
https://www.arup.com/expertise/industry/energy/hydrogen
http://www.element-energy.co.uk/sectors/hydrogen-and-fuel-cells/
https://www.zeroavia.com/
https://hypoint.com/

Soaring Hydrogen Innovation from the UK to the World

UK Fuel Cells Deployed in...

AVIATION — Hydrogen is emerging as a promising
green fuel substitute for the aviation industry, whose
use of jet fuel contributed over 1 billion tonnes of CO,
in 2018. Hydrogen is faster to refuel and negates the
need to onboard large, heavy batteries.

In 2020, UK aviation firm ZeroAvia completed the
world’s first hydrogen fuel cell powered flight of a
commercial-grade aircraft in what has been hailed
as a landmark moment for low carbon flight. As part of
the HyFlyer project, ZeroAvia also helped develop a
refuelling system at Cranfield Airport. Green aviation
is further supported by the new Jet Zero Council.

RAIL - Fuel cell trains are increasingly talked about in
discussions over how to fully decarbonise the rail
network. They are smoother, quieter, more efficient,
and should be easier and cheaper to maintain than
diesel trains. The UK’s first-ever hydrogen-powered
train started on the UK mainline in 2020 as part of
project HydroFLEX conducted in the Midlands by
Porterbrook and the University of Birmingham.

Sources: Our World in Data, ‘Climate change and flying: what share of global CO2 emissions
come from aviation?,” Oct 2020; The Engineer, ‘World'’s first hydrogen powered commercial
plane takes off from Cranfield,” Sept 2020; H2FC SUPERGEN, ‘Opportunities For Hydrogen
And Fuel Cell Technologies To Contribute To Clean Growth In The UK,” May 2020.



https://www.birmingham.ac.uk/news/latest/2020/06/hydroflex-secures-funding-for-hydrogen-powered-train-design.aspx
https://www.zeroavia.com/
http://www.emec.org.uk/projects/hydrogen-projects/hyflyer/
https://www.gov.uk/government/groups/jet-zero-council

fie 3=

{5':

2| = 3K RIS BE BIFR

52 Bl A St 2 B ...

Mz - SR o BRI ZERERA Z EF MR

HIRYHT L B BT R B I BVARBEA L - 20185F - IRSSHAR

BHPTELER — &L (CO,)EiBB10EM - SR MR
BIRRERIR - RMBERR 7 AR CREARKESE

MEYHE -

20204 - =B ZeroAviafn ZE A SI5E A ZEK S i 4R
R MES AN EMHEEMIE - IBHEMITHERE
WAL PIR AR R - ZeroAviatl BN S R SE 7R 21 15
(Cranfield Airport)s8 E—ENR 4 - B RHyFlyerst
EN—E7 - HEMEHNESESHAII 2 RS REE
ZE & (Jet Zero Council) iz 4% -

SR — ARRKIE KB MR - MR
ZHRWAEFEEBAT IR - R KERLE
SRKEEFIE  BLFNEAYE  BEERS#
& HERATERIE - EPorterbrook A =) E1{HABEH K
BRSET @ AEE@WSEEE ) KER2020F AT
SR Da B 4R 5 B SR B B & (Midlands) - A%
HydroFLEXETEm—&5

BB - Our World in Data — 7 REBLEE @ A ZEEH 2L P15 L0 2 4
(2020#105) ; The Engineer — " £ LK & 2P e it 5 AR K BIERmLEH S (202049 5) ,
H2FC SUPERGEN - "SI B SR B2 FEE 5/ e 2 HE , (202045 5)



https://www.birmingham.ac.uk/news/latest/2020/06/hydroflex-secures-funding-for-hydrogen-powered-train-design.aspx
https://www.zeroavia.com/
http://www.emec.org.uk/projects/hydrogen-projects/hyflyer/
https://www.gov.uk/government/groups/jet-zero-council
https://www.gov.uk/government/groups/jet-zero-council

Examples of Domestic Projects

Environmental Resources Management has developed a
concept design for the production of ‘green’ hydrogen at scale
from offshore floating wind off the coast of Scotland.

The concept integrates a wind turbine, desalination unit and
electrolysis onto a single floating sub-structure to produce
hydrogen that can be transported to shore via pipeline.

This project demonstrated the delivery of bulk, low-cost renewable
(green) hydrogen through Gigawatt-scale polymer

electrolyte membrane (PEM) electrolysis, manufactured by ITM Power.

This project developed next-generation
innovative electrolyser stack technology, and evaluated
cost drivers of renewable hydrogen such as
the cost of renewable electricity, and possible cost reductions
from economies of scale, standardisation and industrialisation.

HyNet North West aims to be the UK’s first net-zero carbon industrial
cluster and is based on the production of hydrogen from
natural gas, using Johnson Matthey’s proprietary technology.
It includes the development of a new hydrogen pipeline;
and the creation of the UK’s first CCS infrastructure.
This revolutionary project has the potential to reduce
CO2 emissions by 10 million tonnes every year by 2030
— the equivalent of taking 4 million cars off the road.
To be located at Stanlow Refinery, the ultimate project may include
up to 3 plants, producing up to 18 TWh per year of low carbon hydrogen.

As the first ever live demonstration of hydrogen in homes,
HyDeploy aims to prove that blending up to
20% volume of hydrogen with natural gas is a safe and
greener alternative to the gas we use now. It is providing evidence on
how customers don’t have to change their cooking or
heating appliances to take the blend, which means
less disruption and cost for them. It is also confirming initial
findings that customers don’t notice any
difference when using the hydrogen blend.



https://www.energyvoice.com/renewables-energy-transition/267583/world-first-floating-green-hydrogen-project-aberdeen/
https://gigastack.co.uk/about/renewable-hydrogen/
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https://hydeploy.co.uk/
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Examples of Domestic Projects

Architectural glass production powered by hydrogen

in world first

SGN is developing a world-first hydrogen network in Buckhaven

(east coast of Scotland) that will bring renewable hydrogen into homes
in 2023, providing zero-carbon fuel for heating and cooking.

In the project’s first phase, the network will heat around 300 local homes
using clean gas produced by a dedicated electrolysis plant,

powered by a nearby offshore wind turbine. The project is the first

of its kind to employ a direct supply of clean power to produce hydrogen
for domestic heating — putting Fife at the forefront of the clean energy
revolution. An on-site storage unit will hold enough hydrogen to ensure
supply won’t be disrupted during even the coldest weather conditions.

There are two key elements to the Acorn project — Acorn CCS Project and
Acorn Hydrogen. Acorn Hydrogen can take North Sea natural gas and
reform it into clean burning hydrogen with the CO2 emissions created from
generating the hydrogen, safely removed and stored using the Acorn CCS
infrastructure. The first Acorn Hydrogen plant can be online in 2025.
Initially, Acorn Hydrogen will focus on blending hydrogen with the natural gas that
is piped through the National Transmission System to transport the fuel into
homes, offices and factories across the UK. Using this ‘blending at source’
method means that by replacing just 2% of natural gas with hydrogen we can easily
cut around 400,000 tonnes a year of carbon emissions with no impact
at all on the way gas is used. The project is led by Pale Blue Dot Energy, with funding
and support from industry partners (Chrysaor, Shell and Total) the UK
and Scottish Governments, and the European Union.
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Examples of UK Export Projects

Adnoc has set out preliminary plans for a world-scale 1 million
tonne per year blue ammonia facility in Ruwais.
Adnoc currently produces 300,000 tpy of hydrogen at Ruwais.

The company has appointed Wood to carry out the pre-front-end
engineering and design (pre-FEED) work on the ammonia project.
It also chose Wood for six additional projects at Ta'ziz. Adnoc said it would
also work on a feasibility study to supply blue hydrogen
to the project, from Ruwais.
A final investment decision (FID) is due in 2022, with start up in 2025.

ITM Power supplied the 10MW PEM electrolyser for the REFHYNE project
at the Shell Rhineland Refinery in Wesseling, Germany.
The electrolyser, which began operations in July 2021,
is the largest of its kind to be deployed on an industrial scale.
The REFHYNE project will investigate feasibility for introduction in
other industry plants, as well as potentially being a step towards
the future of refining and determine the possible technical,
economic & environmental benefits of the technology.
The REFHYNE project is funded by the European Commission’s
Fuel Cells and Hydrogen Joint Undertaking (FCH JU).

This project with funding from the EU Commission,
will investigate the feasibility and potential of combining
an offshore wind turbine directly with an electrolyser
and transporting renewable hydrogen to shore.
UK companies ITM Power and Element Energy have formed a
consortium with two European companies to provide compact
electrolyser systems and technical/project expertise services respectively.

This project will be Australia’s largest commercial-scale
green hydrogen complex using electrolysis to produce hydrogen
from solar and wind power. UK company Petrofac will review
the conceptual work carried out on the project to date and produce
the FEED (front end engineering design) study, as well as produce
an Engineering, Procurement and Construction (EPC) design, cost and
schedule estimation to support final investment decision.
Hydrogen production is expected to commence by the end of 2022
and will generate 25 tonnes of green hydrogen per day
from the zero carbon energy sources.
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https://refhyne.eu/
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Examples of UK Export Projects

UK hydrogen fuel cell company AFC Energy has announced
a strategic partnership project with Dutch company ABB to develop
bespoke high power electric-vehicle charging
products using AFC hydrogen gas-to-power technology.

Ceres Power a developer of low cost, next generation fuel cell
technology and Doosan Corporation, have signed a Collaboration
and Licensing agreement to jointly develop SOFC distributed
power systems initially targeted at the Korean commercial building
market. The £8 million agreement is over two years and includes
licencing, technology transfer and engineering services.

Doosan will take a system-level licence of Ceres’ proprietary
SteelCell® SOFC technology to develop a low carbon 5-20kW
power system.

39


https://www.ceres.tech/news/ceres-power-and-doosan-sign-collaboration-and-licensing-agreement-for-korean-market/
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UK Policy Mechanisms to Export Globally

An International Powerhouse

Given its centrality to the world economy, the UK has strong links
to international markets to which hydrogen companies can
export. In fact, the value of UK merchandise exports reached almost
$470bn in 2019, with fuels making up 9% of the total exports.

The UK’s top five trading partners are the United States,
Germany, China, the Netherlands and France, accounting for 46% of
UK total trade in goods in the first half of 2020.

Sources: UK Gov, ‘Ten Point Plan,” Nov 2020; UNCTAD, ‘World Investment Report,” 2020;
UNCTAD Stat, ‘General Profile: United Kingdom,’ accessed Feb 2021; ONS, ‘UK trading
partners and trade relationships: 2020, Jul 2020.

Supporting Exports

The hydrogen economy provides myriad export opportunities for
companies in the UK, from electrolysers, fuel cells and steam
reforming technology to stored hydrogen, alternative fuels and more.
In order to take fully advantage of the international markets
available, companies can make use of three key policy mechanisms
that support UK exports.

= DIT Support

= UK Export Finance (UKEF)
The UK’s export credit agency UKEF works alongside DIT as an
integral part of its strategy and operations. It helps UK
companies win and fulfil export contracts and get paid by
insuring against buyer default. UKEF can support exports for
any size of company and across all sectors, from capital goods to
services and intangibles such as intellectual property.

= Export Development Guarantee (EDG)
EDGs help UK exporters access high value loan facilities
for general working capital or capital expenditure purposes.
Providing support for finance provided by a commercial
lender, we can offer partial guarantees covering up to 80%
of the risk to lenders for a maximum repayment period of up
to 5 years.
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Available DIT Support

Through our bank of knowledge, specialists expertise and extensive
networks, DIT can help identify and leverage potential opportunities,
both for trade and investment.

The services we provide to UK companies include:

= Accessing market opportunities overseas: helping UK
companies break into new markets and offering insight and
intelligence on large-scale international commercial projects.

= Access and introductions to the right people: working with
overseas Posts to support access to a vast network of local
stakeholders.

= Bespoke market research: compiling in-depth factual reports
including market entry support, research and development
collaborations and cost analysis.

= Entrepreneurial assistance through a network of mentors to help
make a commercial success of early stage companies.

= Export Support through UKEF, access to global events and trade
missions, offering insight and intelligence on large-scale
international commercial projects, and building export capability
across supply chains through ongoing support.
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Key Terms & Abbreviations Guide

Steam Methane Reformation — Around 95% of hydrogen today is
produced through steam reformation, where steam reacts with
natural gas to produce hydrogen and carbon dioxide.

Autothermal Reformation — Uses oxygen directly to create steam
to react with natural gas and produce hydrogen.

Carbon Capture, Utilisation & Storage — The process of capturing
carbon dioxide from industrial processes, power generation, blue
hydrogen production and greenhouse gas removal technologies.
The captured carbon dioxide is then either used, for example in
chemical processes, or stored permanently in disused oil and gas
fields or naturally occurring geological storage sites.

Electrolysis — Using renewable electricity to split water into
hydrogen and oxygen.

Fuel Cells — Hydrogen acts directly as a fuel in fuel cells by reacting
with oxygen to produce electricity and water. Individual fuel cells
combine to create a fuel cell stack. In this way, hydrogen can be
used as a fuel for transportation vehicles across the size spectrum,
from passenger cars and buses to airplanes and cargo ships.

Sources: HM Gov, ‘Energy White Paper: Powering Our Net Zero Future,” 2020; H2FC
SUPERGEN, ‘Opportunities For Hydrogen And Fuel Cell Technologies To Contribute To
Clean Growth In The UK,” May 2020; Forbes, ‘Estimating The Carbon Footprint Of
Hydrogen Production,’” 2020.

ATR
AE
AEM
CCS
CCUS
CHP
CO2
FCEV
GWh
Ha
H2FC
HGV
HRS
LH,
LOHC
MtH
MWh
PEM
SMR
SOFC

ZEV

Autothermal Reformation

Alkaline Electrolysis

Anion Exchange Membrane (electrolysis)
Carbon Capture & Storage

Carbon Capture, Utilisation & Storage
Combined Heat and Power

Carbon Dioxide

Fuel Cell Electric Vehicle

Gigawatt hour, also gigawatt (GW)
Hydrogen

Hydrogen and Fuel Cell

Heavy Goods Vehicle

Hydrogen Refuelling Station

Liquid Hydrogen

Liquid Organic Hydrogen Carriers
Million tonnes of hydrogen

Megawatt hour, also megawatt (MW)
Proton-electrolyte membrane (electrolysis)
Steam Methane Reformation

Solid Oxide Fuel Cells

Terawatt hour, also terawatt (TW)

Zero Emission Vehicle
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Départment for
International Trade gov.uk/dit

This information has been prepared by the Department for International Trade (DIT), and suppliers of DIT, for
general informational purposes only. This information is not intended to amount to advice on which you should
rely. Although DIT and its suppliers makes reasonable efforts to ensure the accuracy of any information
provided, neither DIT nor any of its suppliers makes any representations, warranties or guarantees, whether
express or implied, that any information supplied is accurate, complete or up-to-date. Accordingly, you must
obtain professional or specialist advice before taking, or refraining from, any action on the basis of this
information.

Neither DIT nor any of its suppliers accepts any responsibility for updating this information in light of
subsequent events or for any other reason. This information does not constitute a recommendation or
endorsement by DIT or any of its suppliers.

To the fullest extent permitted by law, neither DIT nor any of its suppliers accepts or assumes any
responsibility or liability to any reader of this information for any loss or damage, whether in contract, tort
(including negligence), breach of statutory duty, or otherwise, even if foreseeable, arising under or in
connection with the use of or reliance on this information including, but not limited to, loss of profits, sales,
business, or revenue, business interruption, loss of business opportunity, goodwill or reputation, or any
indirect or consequential loss or damage. Should any such reader choose to rely on this information, then they
do so at their own risk.

DIT is the owner, or the licensee, of all intellectual property rights in this information and DIT reserves all
rights in this information.
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