Welsh Parliament
Senedd Research

Hydrogen in Wales 2024
Research Briefing

July 2024

www.senedd.wales




The Welsn Parliament is the democratically
elected body that represents the interests of
Wales and its people. Commonly known as the
Senedd, it makes laws for Wales, agrees Welsnh
taxes and nholds the Welsn Government to
account.

An electronic copy of this document can be found on the Senedd’s website:
research.senedd.wales

Copies of this document can also be obtained in accessible formats including
Braille, large print, audio or hard copy from:

Welsh Parliament
Ty Hywel

Cardiff Bay
CF991SN

Senedd Research: research.senedd.wales
Subscription: Newsletter

© Senedd Commission Copyright 2024

The text of this document may be reproduced free of charge in any format or
medium providing that it is reproduced accurately and not used in a misleading
or derogatory context. The material must be acknowledged as copyright of the
Senedd Commission and the title of the document specified.


http://research.senedd.wales
mailto:Helen.Jones%40senedd.wales?subject=
http://research.senedd.wales
https://wales.us7.list-manage.com/subscribe?u=c1bfed8f41f5ed4565339ac18&id=63ce47a186
https://blog.us7.list-manage.com/subscribe?u=c1bfed8f41f5ed4565339ac18&id=63ce47a186

Welsh Parliament
Senedd Research

Hydrogen in Wales 2024
Research Briefing

July 2024

Author:
Matthew Sutton

Senedd Research acknowledges the parliamentary fellowship provided to Matthew
Sutton by the Natural Environment Research Council (NERC) which enabled this
article to be completed.

Hydrogen is the smallest and most abundant element in the universe. It may
also offer a means to decarbonise some of the most polluting parts of the Welsh
economy.

This research briefing provides an overview of the current hydrogen sector in Wales.
It looks at where hydrogen is currently produced and its use in Welsh industry.

It explores proposals that, if built, would increase Welsh hydrogen production by
orders of magnitude by the end of this decade.

It also considers the role that hydrogen may have in transport, industry, heating,
and energy storage; as well as the need for hydrogen distribution and storage
networks if those end-uses are adopted. The briefing also discusses the impact of
recent hydrogen policy decisions by both the Welsh and UK Governments.
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1. Introduction

in the 1840s. Almost 200 years later, hydrogen power is receiving renewed interest
as a potential tool in the global push to net zero.

Hydrogen is the smallest and most abundant chemical element in the universe. It
can be used as a fuel via a high temperature reaction with oxygen that produces
water. Unlike fossil fuels such as oil, methane (commonly referred to as ‘natural
gas), and coal, hydrogen combustion does not produce greenhouse gases such as
carbon dioxide and hence does not directly contribute to anthropogenic climate
change i.e. caused or influenced by people.

Hydrogen production and use in industrial processes is well-established in Wales.
Low carbon hydrogen production and uses outside of industry are much more
limited and it remains unclear how widely hydrogen will be adopted in future. In
February 2020, organisations advocating for the development of hydrogen in Wales
launched HyCymru, the Welsh Hydrogen Trade Association.



https://www.theengineer.co.uk/content/in-depth/late-great-engineers-william-robert-grove-inventor-of-the-hydrogen-fuel-cell
https://hydrogenh2.cymru/
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2. Welsh & UK Government Policy

that benchmarked the Welsh hydrogen industry and provided ten objectives
to support its development during the 2020s. These objectives include creating
hydrogen demand in the transport sector, establishing large-scale hydrogen
production, and engaging with stakeholders.

The report acknowledged that the Welsh Government is limited in its influence on
hydrogen projects in Wales, stating:

..some of the decisions that will impact the deployment of hydrogen
in Wales will be determined on a national level by the UK Government,
including the decarbonisation of heat

the objectives in its summary of responses to the original consultation. This report
stated:

Overall, progress is being made against most of the objectives, albeit
with relatively limited additional deployment activity involving hydrogen
over the past two years given the pandemic and lack of clarity on UKG
[UK Government] funding

Welsh Government also provided £2m for hydrogen feasibility and development

to hydrogen across a variety of end uses;

* National Transport Delivery Plan (NTDP) for 2022-27 considers possible
hydrogen applications in the transport sector; and

the operating cost gap between low carbon hydrogen and high carbon fuels”.



https://www.gov.wales/developing-hydrogen-energy-sector-wales
https://www.gov.wales/developing-hydrogen-energy-sector-wales
https://www.sell2wales.gov.wales/news/news_article.aspx?ID=5297
https://www.sell2wales.gov.wales/news/news_article.aspx?ID=5297
https://www.gov.wales/net-zero-wales-carbon-budget-2-2021-2025
https://www.gov.wales/sites/default/files/publications/2023-02/national-transport-delivery-plan-2022to2027.pdf
https://www.gov.wales/heat-strategy-wales
https://assets.publishing.service.gov.uk/media/64c7e8bad8b1a70011b05e38/UK-Hydrogen-Strategy_web.pdf
https://www.gov.uk/government/publications/hydrogen-production-business-model
https://www.gov.uk/government/publications/hydrogen-production-business-model
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3. Hydrogen production

Natural hydrogen deposits are neither abundant nor widespread on the Earth,
therefore hydrogen is usually manufactured using more accessible resources, such
as water and methane. This can be done using several different processes, some of
which are described below.

Green hydrogen

Green hydrogen (also called ‘electrolytic hydrogen’) is produced by electrolysis,
where water molecules are split into hydrogen and oxygen in an electrolyser using
electricity. For this process to be ‘green’, the power source for electrolysis must be
renewable-sourced electricity, such as wind or solar. Green hydrogen production
results in no direct carbon dioxide emissions and therefore does not directly
contribute to anthropogenic climate change.

GCreen hydrogen production is well-suited to areas with excess renewable
electricity generation capacity. Several planned projects have a direct ‘private wire’
connection to specific renewable energy generation, such as solar or wind farms
(detailed in a later section). The latest data show that Wales produces significantly
more electricity than it consumes, but renewables contributed only 27% to total
generation in 2022, compared to 42% for the UK as a whole. This is the smallest
proportion in any UK nation, as shown in the chart below.

Figure 1: Proportional contribution of renewables, fossils fuels, and nuclear

energy to total electricity generation in UK nations in 2022.
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https://assets.publishing.service.gov.uk/media/6581b11eed3c3400133bfbb1/Electricity_generation_and_supply_in_Scotland__Wales__Northern_Ireland__and_England__2018_to_2022.pdf
https://www.gov.uk/government/statistics/electricity-chapter-5-digest-of-united-kingdom-energy-statistics-dukes
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Grey hydrogen

Grey hydrogen is produced by steam methane reforming (SMF), which involves
methane and steam reacting at high temperatures. This process produces carbon
dioxide and hence contributes to anthropogenic climate change. At present,

grey hydrogen is often (though not exclusively) created as part of the industrial
manufacturing of ammonia fertilisers in the Haber-Bosch process. This process is
responsible for around 1.2% of global carbon dioxide emissions.

Blue hydrogen

Blue hydrogen, like grey hydrogen, is produced by SMF. However, in blue hydrogen

some to be operational by 2030.

Current and future Welsh hydrogen production

Hydrogen production for industrial processes is carried out across a variety of
sites in Wales. The vast majority of this production is grey hydrogen produced via
production takes place at sites in Barry, Clydach, Llanelli, Newport, Port Talbot, and
Pembroke. Several of these production sites supply Tata Steel.

Large-scale green hydrogen production does not yet exist in Wales. In 2023 the

installation can produce 40kg hydrogen per day, which existing data suggests
would be enough to supply a hydrogen-fuelled bus for around 570km of travel.
Protium has said it intends to build a 2.5 MW capacity electrolyser in South Wales
by the end of 2024.

Several large-scale green hydrogen production facilities are being progressed across
Wales as of July 2024. In December 2023 the UK Government selected two Welsh
projects for funding in the first hydrogen electrolysis allocation round (HARI).
HyBont in Bridgend will consist of a 5.2MW electrolyser (5.2MW) and solar farm;
and the 14.2MW West Wales Hydrogen electrolyser in Milford Haven is the third
largest of 11 successful UK HART projects by capacity.



https://pubs.rsc.org/en/content/articlehtml/2020/ee/c9ee02873k#cit16:~:text=The%20Haber%E2%80%93Bosch%20process%20is%20currently%20one%20of%20the%20largest%20global%20energy%20consumers%20and%20greenhouse%20gas%20emitters%2C%20responsible%20for%201.2%25%20of%20the%20global%20anthropogenic%20CO2%20emissions
https://senedd.wales/media/ikvfevf4/22-60-ccus-briefing.pdf
https://senedd.wales/media/ikvfevf4/22-60-ccus-briefing.pdf
https://www.gov.uk/government/publications/carbon-capture-usage-and-storage-a-vision-to-establish-a-competitive-market/carbon-capture-usage-and-storage-a-vision-to-establish-a-competitive-market
https://www.gov.wales/sites/default/files/consultations/2021-01/baselining-report-hydrogen-development-in-wales.pdf
https://www.southwales.ac.uk/research/research-news/usw-joins-partners-in-green-hydrogen-production/
https://www.southwales.ac.uk/research/research-news/usw-joins-partners-in-green-hydrogen-production/
https://www.sciencedirect.com/science/article/abs/pii/S0360319922047644#:~:text=On%20average%2C%20the%20fuel%20cell%20buses%20consume%207%20kgH2/100%C2%A0km
https://protium.green/our-projects/#:~:text=Pioneer%202%20will%20be%20based%20in%20South%20Wales%2C%20servicing%20transport%20and%20stationery%20power%20applications.
https://www.gov.uk/government/publications/hydrrweogen-production-business-model-net-zero-hydrogen-fund-shortlisted-projects/hydrogen-production-business-model-net-zero-hydrogen-fund-har1-successful-projects
https://hybont.co.uk/
https://www.trafigura.com/news-and-insights/press-releases/2023/h2-energy-europe-plans-to-develop-the-first-large-scale-green-hydrogen-production-facility-in-south-wales/
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RWE is planning to submit a planning application for the ‘Pembroke Phase I’.
TIOMW electrolysis plant in Pembroke in summer 2024, which would have a
capacity over one thousand times greater than the Baglan electrolyser. ‘Pembroke
Phase II" is a planned 200MW green hydrogen production facility RWE are also
developing ‘Pembroke Phase II', a planned 200MW green hydrogen production

Fund in 2024. These RWE project and the West Wales Hydrogen project form part
of the Milford Haven Waterway Future Energy Cluster, which aims to provide
20% of the UK Government'’s low carbon hydrogen production target by 2030.
These projects may be supported by floating offshore wind farms in the Celtic.

Figure 2: Pembroke oil refinery, on Milford Haven Waterway, forms part of RWE's
plans for green hydrogen infrastructure in South West Wales.

Protium is involved in a proposal to install a17.5MW electrolysis facility alongside

a solar farm and a wind turbine at Budweiser's brewery in Magor, Monmouthshire. It
undertook an informal community consultation in September 2022, but has not
yet sought planning permission for the project.

A 15MW electrolysis plant was planned by Statkraft at a former Royal Navy
Armaments Depot in Trecwn, Pembrokeshire. However, the project was paused.
indefinitely in March 2024 because “obtaining the necessary grid connection will
take a number of years, considerably longer than initially anticipated”.

In North Wales, Menter Mon seeks to develop the Holyhead Hydrogen Hub to
supply transport activities at Port of Holyhead. As of July 2024, the project was
developing an outline business case and seeking £3.8m funding from the North



https://uk.rwe.com/innovation/pembroke-net-zero-centre-pnzc/pembroke-green-hydrogen/
https://uk.rwe.com/innovation/pembroke-net-zero-centre-pnzc/pembroke-green-hydrogen/
https://uk.rwe.com/innovation/pembroke-net-zero-centre-pnzc/pembroke-green-hydrogen/#:~:text=Following%20the%20pre%2Dapplication%20consultation%20period%2C%20RWE%20is%20seeking%20to%20submit%20its%20planning%20application%20to%20Pembrokeshire%20County%20Council%20in%20Summer%C2%A02024.
https://www.gov.uk/government/publications/net-zero-hydrogen-fund-strands-1-and-2-successful-applicants/net-zero-hydrogen-fund-strands-1-and-2-summaries-of-successful-applicants-round-2-april-2023-competition#:~:text=Pembroke%20200MW%20Green%20Hydrogen%20Electrolyser%20Phase%20II%C2%A0%C2%A0
https://www.gov.uk/government/publications/net-zero-hydrogen-fund-strands-1-and-2-successful-applicants/net-zero-hydrogen-fund-strands-1-and-2-summaries-of-successful-applicants-round-2-april-2023-competition#:~:text=Pembroke%20200MW%20Green%20Hydrogen%20Electrolyser%20Phase%20II%C2%A0%C2%A0
https://www.mhpa.co.uk/media/fyilv1u3/milford-haven-waterway-future-energy-cluster.pdf
https://committees.parliament.uk/committee/162/welsh-affairs-committee/news/186547/floating-offshore-wind-in-celtic-sea-could-be-biggest-investment-opportunity-in-wales-but-certainty-over-projects-needed-from-uk-government/
https://committees.parliament.uk/committee/162/welsh-affairs-committee/news/186547/floating-offshore-wind-in-celtic-sea-could-be-biggest-investment-opportunity-in-wales-but-certainty-over-projects-needed-from-uk-government/
https://magornetzero.co.uk/proposals/
https://magornetzero.co.uk/consultation/
https://projects.statkraft.co.uk/Trecwn-en/
https://projects.statkraft.co.uk/Trecwn-en/project-updates/#:~:text=5%20MAR%2C%202024-,Project%20Pause,-We%20have%20taken
https://projects.statkraft.co.uk/Trecwn-en/project-updates/#:~:text=5%20MAR%2C%202024-,Project%20Pause,-We%20have%20taken
https://www.mentermon.com/en/
https://www.mentermon.com/en/prosiectau/hwb-hydrogen/
https://ambitionnorth.wales/low-carbon-energy/holyhead-hydrogen-hub/
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electrolyser that would supply green hydrogen to decarbonise the Kimberly-
Clark Coleshill Mill in Flint. However, less than a week after being granted planning
permission, the BBC reported that Kimberly-Clark had begun consulting on
proposals to permanently close the facility in 2025.

Current and planned hydrogen production facilities described in this section are
shown in the map below.

Figure 3: Map of hydrogen production projects in Wales depicted with circles
coloured by project status and area scaled by capacity.
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https://ambitionnorth.wales/low-carbon-energy/holyhead-hydrogen-hub/
https://planning.agileapplications.co.uk/flintshire/application-details/67378
https://coleshill-greenhydrogen.co.uk/
https://coleshill-greenhydrogen.co.uk/
https://www.bbc.co.uk/news/articles/c255l8d0j95o

Hydrogen in Wales 2024 Research Briefing

The UK Government funded several Welsh hydrogen production projects through

£300,000 to develop modular SMR hydrogen production units for transport
end-uses;

intended to reduce hydrogen gas leakages in future pipelines. The company is
based in Bristol but is partnered with USW; and

* The ERM Dolphyn project is led by Environmental Resources Management
(ERM) Ltd. It was awarded over £8.6m for a commercial scale demonstration of
green hydrogen production from floating offshore wind. ERM aims to have a
project operational in the Celtic Sea, 60km west of Milford Haven, by the end of

Haven in November 2024. This test will use an fossil fuel generator to power
an electrolyser and is intended as a step towards the on-site production of
hydrogen at floating offshore wind farms.

The UK Government has also set an ambition for the UK to have TO0GW total

hydrogen.



https://www.gov.uk/government/publications/low-carbon-hydrogen-supply-2-competition-successful-projects
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1158094/HYS2167_Compact_Syngas_Solutions_Final_Feasibility_Report__Public_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1158091/HYS2154_Actuation_Lab_Final_Feasibility_Report__Public_.pdf
https://www.dolphynhydrogen.com/
https://www.imeche.org/news/news-article/feature-the-rise-of-offshore-hydrogen#:~:text=In%20November%2C%20it%20plans%20to%20take%20a%20big%20step%20towards%20that%20goal%20by%20starting%20a%20round%20of%20tests%20off%20the%20west%20coast%20of%20Wales.
https://www.gov.uk/government/publications/hydrogen-production-delivery-roadmap/hydrogen-production-delivery-roadmap#:~:text=It%20is%20our%20ambition%20to%20have%20up%20to%2010%20GW%20of%20low%20carbon%20hydrogen%20production%20capacity%20by%202030%2C
https://www.gov.uk/government/publications/hydrogen-production-delivery-roadmap/hydrogen-production-delivery-roadmap#:~:text=It%20is%20our%20ambition%20to%20have%20up%20to%2010%20GW%20of%20low%20carbon%20hydrogen%20production%20capacity%20by%202030%2C
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4. Distribution & Storage

Hydrogen molecules are too small to be transported through existing methane
gas infrastructure, so any large-scale future uptake of hydrogen will require new
infrastructure for distribution between sites of production and end-use. This could
be on a small scale, such as transport from an electrolytic production plant to an
adjacent power station, or larger-scale for uses such as private hydrogen fuel cell
vehicles.

Pioneer 1, the only operational green hydrogen electrolyser in Wales, contains and
distributes hydrogen in storage containers. These can be transported to end

users.

Wales. WWU owns and operates medium-low pressure distribution networks and
connect end-users to the national gas supply.

in 2022. The network would connect the UK'’s Industrial Clusters, including South
Wales, to a hydrogen supply. This project would involve a mixture of retrofitting
existing pipes and building new ones. NGT was awarded £5.6m by Ofgem in 2023
to further develop Project Union.

South Wales called HyLine Cymru in 2022. HyLine Cymru could distribute hydrogen
from centres of production (e.g. Pembrokeshire) to areas of highest use (e.g. Port
Talbot steelworks) and is proposed to connect to NGT's Project Union.

Cadent, a regional gas distributor based in England, is developing a similar project
aims to build a hydrogen distribution network centred around a blue hydrogen
production site near Ellesmere Port. HyNet North West will initially only deliver
hydrogen to sites in England, but Cadent says it intends to extend this North Wales
in future phases. Cadent plans to submit a Development Consent Order for the
hydrogen pipelines in 2025. As HyNet will use blue hydrogen, it will be dependent

presence will consist of CCS and transportation infrastructure with permanent
storage of carbon dioxide in disused gas fields in Liverpool Bay - development
consent order for the associated carbon dioxide pipeline was granted by the UK



https://protium.green/pioneer-one-production-begins/#:~:text=The%20first%20batch%20of%20green%20hydrogen%20filled%20storage%20containers%20(MCPS)%20will%20now%20start%20to%20roll%20off%20the%20production%20line
https://protium.green/pioneer-one-production-begins/#:~:text=The%20first%20batch%20of%20green%20hydrogen%20filled%20storage%20containers%20(MCPS)%20will%20now%20start%20to%20roll%20off%20the%20production%20line
https://www.nationalgas.com/#:~:text=National%20Gas%20Services.-,National%20Gas%20Transmission,-is%20the%20backbone
https://www.wwutilities.co.uk/
https://www.nationalgas.com/document/139641/download
https://www.ofgem.gov.uk/sites/default/files/2023-04/PU_decision%20doc%20redacted%20final%20for%20upload.pdf
https://www.wwutilities.co.uk/news-and-blog/major-hydrogen-pipeline-planned-to-decarbonise-welsh-industry/
https://www.hynethydrogenpipeline.co.uk/
https://www.hynethydrogenpipeline.co.uk/news-updates/23-february-2024/#:~:text=However%2C%20to%20ensure%20the%20Project%20remains%20aligned%20with%20Government%20ambitions%20and%20strategy%20the%20decision%20has%20been%20made%20to%20re%2Dschedule%20the%20DCO%20submission%20into%C2%A02025.
https://research.senedd.wales/research-articles/meeting-net-zero-carbon-capture-utilisation-and-storage-for-co2-emissions-reduction/
https://www.gov.uk/government/news/hynet-carbon-dioxide-pipeline-development-consent-decision-announced
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Government in March 2024.

Hydrogen a has low volumetric energy density compared to methane, meaning
that burning the same volume of gas produces a lower energy output. As with
pipelines, it is often not possible to store hydrogen in the same natural or artificial
storage sites used for methane.

A 2022 study by WWU investigated whether suitable sites for large-scale hydrogen
storage could be found close to South Wales. WWU suggested that suitable storage
exists in natural geological formations in the southern Celtic Sea and eastern
Wessex Basin (central Dorset).



https://www.gov.uk/government/news/hynet-carbon-dioxide-pipeline-development-consent-decision-announced
https://smarter.energynetworks.org/projects/NIA_WWU_2_10
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5. End Uses

In many of its end-uses, hydrogen competes with electrified alternatives. For
example, hydrogen boilers and electric heat pumps are both potential options for
decarbonising heating; grid-scale energy storage can involve hydrogen-fired power
stations or battery grid storage; and hydrogen-based transport competes with
battery electric vehicles. Therefore changes in the economic and policy landscape
of electrification options, particularly the price of batteries, may have significant
consequences for the viability of hydrogen end-uses. The Welsh Government’s most

shipping and HGVs) and in the decarbonisation of the South Wales and North.
West Industrial Clusters.

Transport

however have competence in certain devolved areas. Notably, the Welsh
GCovernment operates most rail services in Wales through Transport for Wales (TfW)
and took responsibility for infrastructure on the Core Valley Lines from Network
Rail in 2020.

Road transport

The UK Government plans to end the sale of petrol and diesel cars and vans by
2035, and by 2040 for HGVs. Battery-electric and hydrogen fuel cell vehicles are net
zero alternatives to vehicles with internal combustion engines.

Two models of hydrogen car are available for purchase in the UK as of July 2024
manufacturer operating in Wales (based in Llandrindod Wells). The company has
received public funding, including a £1.25m grant from the UK Government in
2019 and £250,000 from a subsidiary of the Development Bank of Wales in 2021.
Riversimple’s vehicles are not yet commercially available and the company states
that in future they “will be offered to customers on a subscription basis”.

government support for hydrogen refuelling infrastructure development is
necessary to meet its hydrogen objectives. According to h2stations.org, there are
13 operational hydrogen refuelling stations in the UK as of July 2024, but many
of these are not open to the public. The closest public hydrogen refuelling stations

to Wales are in Swindon and Birmingham. Riversimple’s test vehicles use a private

10


https://www.gov.wales/net-zero-wales-carbon-budget-2-2021-2025
https://www.gov.wales/net-zero-wales-carbon-budget-2-2021-2025
https://www.gov.wales/sites/default/files/publications/2021-10/net-zero-wales-carbon-budget-2-2021-25.pdf#page=91
https://www.gov.wales/sites/default/files/publications/2021-10/net-zero-wales-carbon-budget-2-2021-25.pdf#page=131
https://www.gov.wales/sites/default/files/publications/2021-10/net-zero-wales-carbon-budget-2-2021-25.pdf#page=131
https://law.gov.wales/economy-and-development/transport/transport-what-devolved
https://tfw.wales/about-us/our-story#:~:text=We%20take%20ownership%20of%20the%20Core%20Valley%20Lines%20from%20Network%20Rail%2C%20running%20from%20Cardiff%20to%20Aberdare%2C%20Merthyr%20Tydfil%2C%20Treherbert%2C%20Rhymney%20and%20Coryton.
https://tfw.wales/about-us/our-story#:~:text=We%20take%20ownership%20of%20the%20Core%20Valley%20Lines%20from%20Network%20Rail%2C%20running%20from%20Cardiff%20to%20Aberdare%2C%20Merthyr%20Tydfil%2C%20Treherbert%2C%20Rhymney%20and%20Coryton.
https://www.gov.uk/government/news/government-sets-out-path-to-zero-emission-vehicles-by-2035
https://www.gov.uk/government/news/uk-confirms-pledge-for-zero-emission-hgvs-by-2040-and-unveils-new-chargepoint-design
https://www.adrianflux.co.uk/blog/2024/06/hydrogen-powered-cars-uk/#:~:text=Are%20there%20any,Hyundai%20Nexo%20SUV.
https://www.riversimple.com/
https://www.riversimple.com/wp-content/uploads/2019/02/Press-release-Riversimple-win-%C2%A31.25m-funding-award-190208-1.pdf
https://developmentbank.wales/case-studies/riversimple#:~:text=An%20additional%20%C2%A3250%2C000%20came%20from%20the%20Wales%20Angel%20Co%2Dinvestment%20Fund%20%2D%20managed%20by%20the%20Development%20Bank%20of%20Wales.
https://www.riversimple.com/about-us/#:~:text=Our%20vehicles%20will%20be%20offered%20to%20customers%20on%20a%20subscription%20basis
https://www.gov.wales/sites/default/files/consultations/2021-01/hydrogen-in-wales-consultation.pdf#page=56
https://www.h2stations.org/stations-map/?lat=49.139384&lng=11.190114&zoom=2
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Welsh Government aims to “decarbonise the TrawsCymru fleet by the end of
2026" including “capital investment in both battery electric and hydrogen fuel cell
electric vehicles” The NTDP contains four hydrogen bus projects: Swansea Bay,
Pembrokeshire, TrawsCymru T5 (Haverfordwest-Aberystwyth), and TrawsCymru
T6 (Swansea-Brecon), with implementation timescales of 2023 to 2026. Hydrogen

Hydrogen Electric Propulsion System (HEPS) testbed in North Wales, funded by a
£600,000 grant from the High Value Manufacturing Catapult in 2021. According to
an AMRC spokesperson, the aim of the testbed is to:

..support businesses who want to make the net zero energy transition
to hydrogen electric propulsion systems by giving them a facility where
they can use advanced manufacturing techniques to assemble and
verify their product and then eventually integrate it in their vehicles

Hydrogen vehicles compete with electric alternatives. Electrification is more
energy efficient than using green hydrogen as energy is lost when using electricity

Guardian reported that more than 1 million electric cars had been sold in the UK
over the previous 20 years, compared to less than 300 hydrogen vehicles. A 2019.

suggested that, in terms of infrastructure costs, hydrogen would be the cheapest
way to decarbonise HGVs. Rapid charging infrastructure would be more expensive
than hydrogen infrastructure, but would have lower annualised costs.

decarbonisation can involve switching from diesel trains to zero emission
alternatives. These can include: electric traction (overhead lines), electric
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https://hydrogen-central.com/element-2-agrees-buy-run-riversimples-hydrogen-refuelling-station-abergavenny/
https://www.gov.wales/sites/default/files/publications/2023-02/national-transport-delivery-plan-2022to2027.pdf
https://www.gov.wales/sites/default/files/publications/2023-02/national-transport-delivery-plan-2022to2027.pdf#page=134
https://www.walesonline.co.uk/news/wales-news/hydrogen-buses-swansea-neath-port-27042411
https://www.walesonline.co.uk/news/wales-news/hydrogen-buses-swansea-neath-port-27042411
https://www.wwutilities.co.uk/news-and-blog/first-hydrogen-vehicle-trials-with-wales-west-utilities-create-new-fuel-ecosystem/
https://www.amrc.co.uk/news/fuelling-a-green-future-with-hydrogen-electric
https://www.theguardian.com/business/2024/feb/13/will-hydrogen-overtake-batteries-in-the-race-for-zero-emission-cars#:~:text=In%20the%20UK%20there%20have%20been%20fewer%20than%20300%20sales%20of%20hydrogen%20vehicles%20over%2020%20years%2C%20compared%20with%201m%20electric%20cars
https://www.theguardian.com/business/2024/feb/13/will-hydrogen-overtake-batteries-in-the-race-for-zero-emission-cars#:~:text=In%20the%20UK%20there%20have%20been%20fewer%20than%20300%20sales%20of%20hydrogen%20vehicles%20over%2020%20years%2C%20compared%20with%201m%20electric%20cars
https://www.theccc.org.uk/wp-content/uploads/2019/05/Zero-Emission-HGV-Infrastructure-Requirements-Ricardo-Energy-and-Environment.pdf#page=3
https://www.theccc.org.uk/wp-content/uploads/2019/05/Zero-Emission-HGV-Infrastructure-Requirements-Ricardo-Energy-and-Environment.pdf#page=3
https://research.senedd.wales/research-articles/the-rail-system-in-wales/
https://research.senedd.wales/research-articles/the-rail-system-in-wales/
https://www.ft.com/content/026e3bc6-0f4e-11e8-940e-08320fc2a277
https://www.riagb.org.uk/RIA/RIA/Newsroom/Publications%20Folder/Electrification_Cost_Challenge_Report.aspx
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2019 estimated that the cost of electrification (electric traction) in UK railway
infrastructure projects varied from £0.7m-£2.5m per single track km. Using
hydrogen or battery-electric trains substantially reduces the cost of replacing diesel
trains, because there is no need to significantly modify railway infrastructure, such
as adding overhead line equipment and modifying bridges and tunnels. Hydrogen
trains would require refuelling whereas battery-electric trains would need to be
charged.

divided by energy input) of different zero emission methods for powering trains,
which is reproduced in the table below.

Table 1: Energy efficiency of net-zero train power technologies.

Technology Efficiency
Electric traction (overhead lines) 80%
Electric batteries 65%
Hydrogen fuel cells 25%

There are currently no hydrogen trains operating anywhere in the UK. The only
electrified rail lines in Wales are the South Wales Main Line between Cardiff Central

that it would be replacing its remaining diesel trains with battery-electric models
instead of hydrogen, stating “battery trains are cheaper to operate”.

A 2020 Network Rail report recommmended that hydrogen trains should be
used to decarbonise the Heart of Wales and Cambrian Lines because both are
long-distance rural routes. Battery-electric trains were preferred on the shorter
Ebbw Vale and Conwy Valley Lines, with overhead electrification recommended

the electrification of the South Wales Main Line between Cardiff Central and
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https://www.gov.wales/net-zero-wales-carbon-budget-2-2021-2025
https://www.gov.wales/net-zero-wales-carbon-budget-2-2021-2025
https://tfw.wales/projects/metro/south-wales-metro/work-progress#:~:text=The%20majority%20of%20our%20work%20for%20the%20South%20Wales%20Metro%20is%20scheduled%20for%20completion%20in%202024
https://news.tfw.wales/news/uks-first-hybrid-train-enters-service-on-borderlands-line
https://www.evb-wasserstoffzug.de/en/
https://www.hydrogeninsight.com/transport/no-more-hydrogen-trains-rail-company-that-launched-worlds-first-h2-line-last-year-opts-for-all-electric-future/2-1-1495801
https://www.networkrail.co.uk/running-the-railway/long-term-planning/#:~:text=5%20MB-,Traction%20Decarbonisation%20Network%20Strategy,-Traction%20Decarbonisation%20Network
https://tfw.wales/projects/metro/future-developments/south-wales
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Swansea by 2029, extending to Milford Haven in the future. The UK Government
part of ‘Network North’, though Rail Magazine reported in June 2024 that “The
Department for Transport confirmed that work has yet to start on a business case
for the project”.

..identified several rail lines in north Wales as most suitable for trials for
hydrogen trains, including the Heart of Wales line, the Cambrian line, the
North Wales Coast, and the Conwy Valley lines
Figure 4: The Cambrian Line, which connects Aberystwyth and Pwllheli to
Shrewsbury, is a possible candidate for hydrogen trains.

Birmingham Intl
Train is formed o

2nd Pullheli

Aviation

The UK Government set decarbonisation goals for the aviation sector in the

aviation fuel (SAF), and electric planes. The report describes ongoing research
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https://www.gov.uk/government/news/1-billion-to-improve-transport-connectivity-in-wales
https://www.railmagazine.com/news/2024/06/10/north-wales-electrification-hopes-sidelined#:~:text=The%20Department%20for%20Transport%20has%20confirmed%20that%20work%20has%20yet%20to%20start%20on%20a%20business%20case%20for%20the%20project
https://nation.cymru/news/study-launched-to-assess-viability-of-using-hydrogen-fuelled-trains-in-wales/
https://record.senedd.wales/Plenary/13563#C546740:~:text=The%20hybrid%20Wales%20hydrogen%20train%20feasibility%20and%20prototyping%20reports%20that%20Arup%20produced%20with%20TfW%20input%20identified%20several%20rail%20lines%20in%20north%20Wales%20as%20most%20suitable%20for%20trials%20for%20hydrogen%20trains%2C%20including%20the%20Heart%20of%20Wales%20line%2C%20the%20Cambrian%20line%2C%20the%20North%20Wales%20Coast%2C%20and%20the%20Conwy%20Valley%20lines
https://record.senedd.wales/Plenary/13563#C546740:~:text=The%20hybrid%20Wales%20hydrogen%20train%20feasibility%20and%20prototyping%20reports%20that%20Arup%20produced%20with%20TfW%20input%20identified%20several%20rail%20lines%20in%20north%20Wales%20as%20most%20suitable%20for%20trials%20for%20hydrogen%20trains%2C%20including%20the%20Heart%20of%20Wales%20line%2C%20the%20Cambrian%20line%2C%20the%20North%20Wales%20Coast%2C%20and%20the%20Conwy%20Valley%20lines
https://www.gov.uk/government/publications/jet-zero-strategy-delivering-net-zero-aviation-by-2050
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and development into hydrogen aircraft, including Airbus’ plan to bring the first
hydrogen-powered commercial aircraft to market by 2035.

We strongly encourage the UK Government to bring forward proposals
to drive up fuel efficiency, encourage the development of new zero
emission aircraft and accelerate the supply and uptake across the UK of

SAF from non-agricultural sources

Welsh Government objectives (Transport)

objectives related to the transport sector. The table below details these objectives
and progress to-date as of June 2024.

Table 2: Welsh Government hydrogen transport objectives, timescales, and

progress towards them.

Objective

Timescale

Progress to date (July 2024)

Deploy 200 hydrogen
fuel cell buses in a town/
city

Before 2025

Establish Wales as an
early market for fuel cell
vehicles

Before 2025

Wales. Riversimple are based in
Wales but not yet commercially
operating.

Create high value jobs

via an innovative vehicle
manufacturer and
associated supply chain
with new fuel cell electric
vehicle production plants
in Wales

Before 2025

its cars are not yet available to the
public and it has not stated when
this will occur. No other hydrogen
vehicle production sites are based in
Wales.
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https://www.airbus.com/en/innovation/low-carbon-aviation/hydrogen/zeroe
https://www.gov.wales/national-transport-delivery-plan-2022-2027
https://www.gov.wales/sites/default/files/consultations/2021-01/hydrogen-in-wales-consultation.pdf#page=56
https://www.walesonline.co.uk/news/wales-news/hydrogen-buses-swansea-neath-port-27042411
https://www.walesonline.co.uk/news/wales-news/hydrogen-buses-swansea-neath-port-27042411
https://www.adrianflux.co.uk/blog/2024/06/hydrogen-powered-cars-uk/#:~:text=There%20are%20currently%20two%20hydrogen%2Dpowered%20cars%20available%20in%20the%20UK%3A%20the%20Toyota%20Mirai%20and%20the%20Hyundai%20Nexo%20SUV.
https://www.adrianflux.co.uk/blog/2024/06/hydrogen-powered-cars-uk/#:~:text=There%20are%20currently%20two%20hydrogen%2Dpowered%20cars%20available%20in%20the%20UK%3A%20the%20Toyota%20Mirai%20and%20the%20Hyundai%20Nexo%20SUV.
https://www.h2stations.org/stations-map/?lat=49.139384&lng=11.190114&zoom=2
https://www.h2stations.org/stations-map/?lat=49.139384&lng=11.190114&zoom=2
https://www.riversimple.com/
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Objective Timescale Progress to date (July 2024)

Attract new automotive No Welsh public sector vehicles
industry activity to Wales currently use hydrogen fuel cells. The
and develop new fuel cell | Before 2025 Hydrogen in Wales report says that
vehicles for public sector Riversimple has memorandums of
fleets understanding with local authorities.

No hydrogen train trials are currently
taking places in Wales. The Global
Centre for Rail Excellence in Onllwyn
is due to open.in 2025 to support
Before 2026 “the design and development of

Attract fuel cell train
demonstration and
testing activities to Wales
while providing anchor
demands for hydrogen in
transport

plans to trial hydrogen trains as of
July 2024,

Industry

Crey hydrogen is produced and used in several industrial processes in Wales

grey hydrogen in existing industrial processes such as oil and nickel refining.
Hydrogen could fully replace coking coal in the reduction of iron ore to pure iron
in steel production. Additionally, hydrogen could supplant fossil fuels as a source of

.............................................................................................................................................................................................................................................................

................................................................................

Wales is contingent on building the evidence base from UK-wide industrial and
hydrogen strategies”. The Heat Strategy also sets out an industrial hydrogen policy:

Low carbon hydrogen hulbs are established and serving high-temperature
industrial processes and local users where appropriate.
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https://www.gov.wales/developing-hydrogen-energy-sector-wales
https://tfw.wales/projects/gcre/current-status
https://www.gcre.wales/#:~:text=supporting%20the%20design%20and%20development%20of%20imaginative%20new%20technologies%20and%20concepts
https://www.gcre.wales/#:~:text=supporting%20the%20design%20and%20development%20of%20imaginative%20new%20technologies%20and%20concepts
https://www.gcre.wales/#:~:text=supporting%20the%20design%20and%20development%20of%20imaginative%20new%20technologies%20and%20concepts
https://www.gov.wales/developing-hydrogen-energy-sector-wales
https://statswales.gov.wales/Catalogue/Environment-and-Countryside/Greenhouse-Gas/emissionsofgreenhousegases-by-year#:~:text=3%2C426-,9%2C508,-384
https://www.gov.wales/industry-sector-emission-pathway-factsheet
https://www.gov.wales/industry-sector-emission-pathway-factsheet
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2020)641552
https://www.gov.wales/heat-strategy-wales
https://www.gov.wales/net-zero-wales-carbon-budget-2-2021-2025
https://www.gov.wales/heat-strategy-wales
https://www.gov.wales/heat-strategy-wales
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This headline consists of two Welsh Government actions:

= We [Welsh Government] will continue to support hydrogen innovation local to
our hydrogen hubs, and map industrial heat demand across Wales; and

= We will engage our energy network operators on the plan for hydrogen in
industrial areas, the infrastructure needed, and the opportunities for renewable
electricity generation.

UK Government has funded several industrial hydrogen development schemes. The
Industrial Hydrogen Accelerator (IHA) Programme funded numerous projects

in 2022 that “demonstrate end-to-end industrial fuel switching to hydrogen”. Two
Wales-only and one cross-border project were funded by the IHA Programme,
which are detailed below:

feasibility of supplying hydrogen produced by sewage sludge at DWCC Cardiff
East Waste Water Treatment Works to Princes, a food and drink industry end
user,

Chester, and Ellesmere Port, were awarded almost £176,000 to test the feasibility
of switching 50% of its equipment to hydrogen; and

use of hydrogen in stone wool insulation manufacturing.

Industrial Clusters

The UK Government has focussed industrial decarbonisation on areas with high

(NWIC) is located primarily in North West England, though some of its projects
incorporate areas of North Wales including Deeside and Wrexham.

SWIC, a partnership of 47 organisations, outlined its decarbonisation plans in a 2023
particularly focussed around Milford Haven. The report discusses HyLine Cymru, a
project by Wales and West Utilities, which will “transport that hydrogen away from
Milford Haven into the middle of the SWIC". SWIC also states that one of its priorities
is the urgent development of the South Wales electricity grid and hydrogen
infrastructure. The SWIC Report identifies hydrogen policy drivers for the UK and
Welsh Governments:
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https://www.gov.uk/government/publications/industrial-hydrogen-accelerator-programme
https://www.gov.uk/government/publications/industrial-hydrogen-accelerator-programme-successful-projects/industrial-hydrogen-accelerator-programme-stream-2a-successful-projects--2#:~:text=mineral%20products%20industry.-,Costain%20Limited,-Project%20name%3A%20H2Juice
https://www.gov.uk/government/publications/industrial-hydrogen-accelerator-programme-successful-projects/industrial-hydrogen-accelerator-programme-stream-2a-successful-projects--2#:~:text=and%20water%20systems.-,ASH%20Waste%20Services%20Ltd,-Project%20name%3A%20Small
https://www.gov.uk/government/publications/industrial-hydrogen-accelerator-programme-successful-projects/industrial-hydrogen-accelerator-programme-stream-2a-successful-projects--2#:~:text=fossil%20fuel%20engines.-,ROCKWOOL%20Ltd,-Project%20name%3A%20Investigating
https://www.ukri.org/news/ukri-announces-winners-of-industrial-cluster-competition/#:~:text=consortiums.-,Net%20zero%20industrial%20clusters,-The%20winners%20have
https://www.swic.cymru/
https://www.netzeronw.co.uk/north-west-cluster
https://www.swic.cymru/clusterplan-reports#:~:text=Full%20Report%20in%20ENGLISH
https://www.swic.cymru/clusterplan-reports#:~:text=Full%20Report%20in%20ENGLISH
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= Accelerated hydrogen availability to be progressed (UK and WQ);

= Increased support and advocacy for hydrogen infrastructure development plans
(WG only); and

=  Water supply for hydrogen strategic plan needed (WG only).
Heating

This section addresses the heating of residential and commercial buildings, rather
methane in heating buildings. Use of pure hydrogen in heating would require the
construction of a dedicated hydrogen distribution network, and for consumers to
install hydrogen-ready boilers.

hydrogen heating pilot projects, starting with a neighbourhood-scale scheme

for around 300 houses in Fife in 2024. Two village-scale trials in England were

Treasury, advised that “Government should not support the rollout of hydrogen
heating’”.

In its Heat Strategy for Wales the Welsh Government does not support the
widespread adoption of hydrogen in heating Welsh buildings. It cites high costs,
limited supply, leak risks, distribution logistics, and emissions of nitrous oxides as
reasons for this. However, the Heat Strategy does set out three proposed actions
related for the use of hydrogen in heating:

= We [Welsh Government] will publish a preferred hydrogen policy position
for Wales and we will work with UK Government to ensure the Low Carbon
Hydrogen Standard fully reflects our statutory decarbonisation commitments;

=  We will use our evidence base and policy positions to influence UK Government
policy on hydrogen - ensuring that the approach adopted, for instance regarding
the hydrogen levy and hydrogen ready boiler mandate, supports our plan for a
just transition to low carbon heat in Wales; and

= We will continue to develop our hydrogen evidence base to better understand
energy demands across Wales, and the potential role of hydrogen to support
a just and sustainable decarbonisation and engage with communities and
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https://www.gov.uk/government/publications/energy-security-bill-factsheets/energy-security-bill-factsheet-enabling-the-hydrogen-village-trial#:~:text=We%20are%20supporting%20industry%20to%20begin%20a%20neighbourhood%20trial%2C%20located%20in%20Fife%2C%20by%202024%2C%20and%20a%20large%20village%20trial%20by%202025.%20The%20trials%20will%20provide%20crucial%20evidence%20to%20inform%20decisions%20on%20the%20role%20of%20hydrogen%20in%20heat%20decarbonisation%20in%202026.
https://www.gov.uk/government/publications/energy-security-bill-factsheets/energy-security-bill-factsheet-enabling-the-hydrogen-village-trial#:~:text=We%20are%20supporting%20industry%20to%20begin%20a%20neighbourhood%20trial%2C%20located%20in%20Fife%2C%20by%202024%2C%20and%20a%20large%20village%20trial%20by%202025.%20The%20trials%20will%20provide%20crucial%20evidence%20to%20inform%20decisions%20on%20the%20role%20of%20hydrogen%20in%20heat%20decarbonisation%20in%202026.
https://www.h100fife.co.uk/
https://www.bbc.co.uk/news/uk-england-merseyside-66165484
https://www.bbc.co.uk/news/articles/c842wzn9g35o
https://www.wwutilities.co.uk/news-and-blog/wales-west-utilities-joins-gas-grid-companies-to-plot-course-to-britain-s-first-hydrogen-town/
https://www.gov.uk/government/publications/hydrogen-heating-town-pilot-open-letter-to-gas-distribution-networks
https://nic.org.uk/studies-reports/national-infrastructure-assessment/second-nia/#tab-netzero:~:text=Government%20should%20not,existing%20price%20controls.
https://nic.org.uk/studies-reports/national-infrastructure-assessment/second-nia/#tab-netzero:~:text=Government%20should%20not,existing%20price%20controls.
https://www.gov.wales/heat-strategy-wales
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stakeholders to maximise the benefit of local opportunities.

‘Blending’ is the mixing of some proportion of hydrogen into existing gas
distribution networks. Distributing blended hydrogen-methane gas would mean
modifying or replacing existing gas pipelines to accommodate a different gas
pressure and to prevent leakage.

Blending was supported by the UK Government in a December 2023 strategic.

policy decision, with potential for commmercial-scale hydrogen blending into the UK

gas network from 2025-26. UK Government support for blending is on the basis of
cost stabilisation, rather than decarbonisation. The report states:

The primary strategic role of blending is not to decarbonise the existing
gas network or to facilitate a transition to heat decarbonisation... the
main objective of blending would be to support hydrogen production in
a targeted way where it has potential to reduce risk and cost at a project
or system level.

Grid-scale energy storage

The majority of electricity in Wales is produced by burning methane. This process
produces carbon dioxide and other pollutants, contributing to both climate

change and air pollution. The UK Government, which has reserved powers related
to electricity generation, currently plans for the UK electricity grid to be wholly
decarbonised by 2035. However, renewable power sources supplemented by
nuclear cannot consistently match electricity demand because of the intermittency
of wind and solar energy. Flexible, decarbonised generation is therefore required

to stabilise a renewable-dominated net-zero grid. Hydrogen power plants could

be involved in meeting this flexible demand, alongside methane power stations
retrofitted with CCS, and grid-battery storage.

Hydrogen power stations could meet demand by burning either green hydrogen
that was produced when electricity supply exceeded demand (‘Gas to Power to
Gas'), or by burning blue hydrogen (‘Gas to Power’). Both options are inefficient
compared to instantaneous use of renewable electricity because energy is lost
during hydrogen production and again during combustion. In its 2021 Hydrogen

energy”.

Using hydrogen for power generation would also require sufficient large-scale
storage. Hydrogen storage is discussed in an earlier section of this brief.
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https://www.gov.uk/government/publications/hydrogen-blending-in-gb-distribution-networks-strategic-decision
https://www.gov.uk/government/publications/hydrogen-blending-in-gb-distribution-networks-strategic-decision
https://www.gov.uk/government/news/plans-unveiled-to-decarbonise-uk-power-system-by-2035
https://www.gov.uk/government/news/plans-unveiled-to-decarbonise-uk-power-system-by-2035
https://www.gov.uk/government/publications/uk-hydrogen-strategy
https://www.gov.uk/government/publications/uk-hydrogen-strategy
https://www.iea.org/energy-system/electricity/grid-scale-storage#:~:text=has%20potential%20for%20the%20seasonal%20storage%20of%20renewable%20energy
https://www.iea.org/energy-system/electricity/grid-scale-storage#:~:text=has%20potential%20for%20the%20seasonal%20storage%20of%20renewable%20energy
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Alternatives methods of meeting flexible energy demand in a future net-zero
electricity grid include:

Pumped storage hydro (PSH). Two of the UK’s four PSH plants, and 74% of total
its total 2.8CGW capacity as of July 2024, are located in North Wales;

in the UK in May 2024, and there is a further 91.2CW at all other stages of
development; and

CCS-equipped fossil fuel power stations. These do not currently exist in Wales
or the UK, although SSE Thermal has announced plans to construct one in
England ‘by the mid-2020s’. Similarly, CCS can be fitted to waste-to-power
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https://british-hydro.org/pumped-storage-hydropower/#:~:text=There%20are%20four%20operational%20PSH%20plants%20in%20the%20UK
https://www.renewableuk.com/news/671532/Booming-pipeline-of-battery-projects-increases-by-two-thirds-in-last-12-months-.htm
https://www.ssethermal.com/flexible-generation/development/keadby-3-carbon-capture/
https://enfinium.co.uk/enfinium-announces-proposal-for-200m-investment-in-carbon-capture-project-in-north-wales/
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