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Dear readers,

it is our pleasure to introduce the first joint study 
conducted by the European Cluster for Climate, 
Energy and Resource Security (EUCERS) – Center for 
Advanced Security, Strategic and Integration Studies 
(CASSIS), University of Bonn and the Centre for 
Global Security and Governance, University of 
Aberdeen. 

This Strategy Paper, titled Leading the way to net zero 
emissions? The development of the UK’s hydrogen 
sector, explores the UK’s, and particularly Scotland’s, 
approach in terms of supporting the deployment of 
hydrogen in its ambition to reach a net-zero emission 
target by 2050. 

Despite lacking an official strategy at the time of 
publication of this report, the UK is forging ahead 
with a number of complex projects and is already 
considered one of the world’s top ten countries to 
actively seek the development of a hydrogen sector. 
To better understand the dynamics behind this drive 
and to determine whether the UK model can serve 

as a blueprint for European hydrogen projects, this 
paper identifies and elaborates on factors that have 
contributed to this remarkable development as well 
as the challenges facing the sector. By combining 
extensive research, insightful stakeholder interviews, 
and keen analysis, Dr. Aura Sabadus provides us with 
one of the most comprehensive research papers on 
the UK’s hydrogen sector to date. It is our hope that 
the research gathered on the UK experience, and the 
policy recommendations based on this information, 
will prove to be useful for European stakeholders in 
their own efforts to ramp up a hydrogen economy. 

We would like to take the opportunity to thank our 
author, Dr. Aura Sabadus, who kindly accepted 
CASSIS-EUCERS’ invitation to write this very important 
and insightful study. A special thank you also goes to 
Mr. Arash Duero, Ms. Ann-Kristin Müller and Ms.  
Verena Friedl for their support. And last, but not 
least, we are immensely grateful to Zukunft Gas GmbH 
for their financial support to CASSIS-EUCERS, without 
which this study would not have been possible. 
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Summary

The UK’s energy sector 
is on the verge of 
major transformation, 
having set itself a net 
zero emissions target 
by 2050. 

The UK has one of Europe’s largest offshore renew-
able capacity, which would be critical to producing 
electrolysed hydrogen. It also has a vast carbon  
capture and storage (CCS) capacity that would be 
enough to guarantee 70 years of storage for the 
whole of Europe. 

Hydrogen could be a key driver of the UK’s green 
transformation as the country boasts distinct 
advantages over other European neighbours in 
developing the technology. 

Although the UK is one of the 
world’s top ten countries to 
actively seek the development of 
a hydrogen sector, it still lacks 
production at scale, with local 
output not exceeding 2% of the 
global annual production. 

Even so, the UK is 
poised to opt for a 
“twin-track” 
approach that 
would encourage 
both electrolysed 
hydrogen and 
hydrogen produced 
from natural gas.

The UK is yet to publish 
a national hydrogen 
strategy, having pur-
sued so far a “learning 
by doing” principle, 
whereby public and 
private stakeholders 
test and weigh results 
of ongoing projects. 

Various scenarios indicate that hydrogen could become a  
“valuable complement” to other technologies in the transition 
period to 2050 or even predict a pivotal role for it, particularly in 
the heating sector. 

According to the UK’s 
Sixth Carbon Budget 
published by the 
Committee on Climate 
Change, the UK may 
need to import some 
13% of its total hydro-
gen demand by 2050.

A study published by National Grid ESO notes that as much 
as 65% of residential heating could be transitioned to 
hydrogen by 2050, with some stakeholders expecting 
annual production to increase tenfold from 27TWh cur-
rently to 270TWh within the next three decades.In the longer run 

the role of hydro-
gen in the wider 
energy mix would 
depend on key fac-
tors: costs, safety 
record, customer 
interest.

In comparison to the industrial and residential heating sector, 
transport may see a more moderate uptake of hydrogen, with 
heavy goods vehicles (HGVs), shipping and rail being more 
likely to switch to the fuel.

Results of ongoing government- 
spearheaded projects such as 
Hy4Heat researching the transition 
to hydrogen in the heating sector 
would provide the foundation for 
a national strategy, which is 
expected within the first half of 
2021.

The UK is also at the forefront of research, spearheading a 
number of complex projects, which currently assess the repur-
posing of the transmission and distribution grids, looking into 
various options including blending and de-blending of hydrogen. 

Some studies predict that costs related to producing hydrogen and 
removing carbon from natural gas would amount to £4bn/year while the 
cost to install hydrogen boilers and converting consumer premises to 
accommodate hydrogen could increase costs by a further £7bn/year. The 
aggregated cost to produce and install hydrogen boilers would be on aver-
age £6bn cheaper annually, than that of installing heat pumps and upgrad-
ing electricity networks which is estimated at £17bn/year.
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Success Setbacks Lessons learnt

Tackling climate 
change

The UK passed its Climate Change Act 
in 2008, the world's first legally bind-
ing document to tackle climate 
change. Since then, it demonstrated 
that it could reduce emissions while 
recording economic growth, topping 
the G7 group in this respect.

Although the UK has been generally 
successful in terms of reducing emis-
sions, the heating sector remains a 
carbon-intensive area of the econ-
omy.

It is possible to reduce emissions 
while recording economic 
growth.

Hydrogen strategy The country has taken a pragmatic 
approach, deploying clusters of pro-
jects focusing on different objectives. 
The aim is to understand how hydro-
gen fits in a bigger decarbonisation 
vision and how to develop best prac-
tices.

The UK lags behind western European 
countries and the EU as a whole in 
terms of drafting a long-term hydro-
gen vision. The delay may be linked to 
several factors including the country's 
preference to take a more pragmatic 
approach that allows it to test various 
options and a potential lack of human 
resources as many specialists have 
been deployed to handle Brexit-re-
lated complexities.

Scottish stakeholders suggested 
their success in driving hydrogen 
projects was largely linked to 
regional agencies and local coun-
cils, which set and pursued ambi-
tious targets. They also pointed 
out there was a need to coordi-
nate at local and governmental 
level as well as ensure interaction 
among policy-makers, investors, 
financial institutions. 

Research and 
Innovation 

A number of world-class projects are 
being carried out across the country 
with a view to understand the impact 
of switching from natural gas to 
hydrogen on the residential and 
industrial heating sectors as well as on 
transmission and distribution net-
works. Projects also seek to under-
stand customer responses to the new 
technology. 

The UK is pioneering research related 
to the impact of the hydrogen 
switchover on infrastructure and the 
heating sector. However, compared to 
other European countries, it lags 
behind in terms of hydrogen produc-
tion.

The UK's learning-by-doing 
approach is helping stakeholders 
to understand the benefits, risks, 
challenges of switching to a 
hydrogen-based system. How-
ever, many interviewees have 
pointed out that in order to move 
on from the current research 
stage to economies of scale that 
would allow the country to ramp 
up production, there is a need for 
clear direction embedded in a 
long-term strategy. 

Funding hydrogen 
projects

Many hydrogen projects have bene-
fited from funds from the government 
or NGOs. The country has a thriving 
financial sector which could also help 
with credit lines.

The Energy Networks Association 
(ENA) reported uncertainty regarding 
decisions by the regulator Ofgem on 
how much distribution and transmis-
sion operators can invest over the 
period 2021-2026. Further uncertainty 
could result from the economic fallout 
of the Covid-19 pandemic. 

Grants have been made available 
through government/NGOs in 
support of projects researching 
various aspects of the hydrogen 
transition.

Relations with 
the EU

Policy-makers expect the UK to 
become a CCS hub for Europe, as the 
UK has ample storage capacity that 
would grant a distinct advantage over 
other neighbouring countries. Stake-
holders said they were also exploring 
opportunities of imports and exports 
to and from the EU once the hydrogen 
sector develops.

Uncertainties related to the UK's rela-
tions with the EU following Brexit may 
jeopardise its chances of working 
closely with European counterparts. 

Despite Brexit-related uncertain-
ties, there are opportunities for 
cooperation, which would have 
to be explored.
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Over the last four decades the British gas sector has 
witnessed two periods of radical reorganisation. 

The first spanned the years 1980s-1990s, when a 
swift change from dominant means of generation 
such as nuclear or coal-fired power plants to com-
bined cycle gas turbines (CCGT) triggered an unex-
pected dash for [natural] gas (Winskel 2002) as more 
resources became available in the North Sea and 
technology became more cost-effective. 

The second, currently in full swing, is expected to 
minimise reliance on fossil fuels as cleaner alternatives 
are being sought and introduced in response to 
ambitious decarbonisation objectives.

In both cases, the prime drivers of change have been 
emerging cost-effective technologies as well as para-
digm shifts at policy level, which meant that Britain 
transitioned from coal or nuclear generation to natu-
ral gas in the 1980s-1990s and nowadays it is seeking 
to protect the climate.

In hindsight, advances in CCGT technologies incentiv-
ised Britain to make a decisive step towards adopting 
gas-fired generation as a key component of its pro-
duction fleet, which meant that between 1991-1995, 
it increased its installed CCGT capacity from virtually 
0GW to 10GW, ahead of Japan, US, Germany, France 
and the Netherlands (IEA 1996).

The switchover to CCGTs, however, could not have 
been possible without critical changes at policy level, 
which involved reform in the electricity and natural 
gas sectors.

In the 1980s-1990s, Margaret Thatcher’s Conservative 
government passed a series of acts which led to the 
liberalisation of the utilities sector, the privatisation 
of state-owned assets and the  breakup of monopoly 
generation and transmission Central Electricity Gen-
erating Board (CEBG) for electricity and British Gas 
Company for natural gas.

By the mid-1990s and the beginning of the new 
millennium, Britain, followed by Belgium and the 
Netherlands, started to make the transition from a 
state-dominated sector to one entirely open to new 
suppliers where natural gas was easily accessed 
through market mechanisms.

The convergence of policy shifts and technological 
advances helped Britain to develop one of the world’s 
most functional and liquid gas markets, becoming a 
reference point for other European countries in their 
progress towards deregulating the utilities sector 
(Heather 2010).

In brief, the privatisation of electricity companies, 
the increasing use of gas as generation fuel following 
reform in the gas sector and the adoption of CCGT 
technology facilitated the dash for gas (Bocse & 
Gegenbauer 2017; Heather 2010; Winskel 2002) and 
Britain’s adoption of the fuel as its main source of 
electricity generation since the late 1990s. 
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1.1 Net Zero Target

The British gas market is now on the cusp of further 
radical change as the country has set itself a goal to 
reduce greenhouse gas (GHG) emissions to a net zero 
by 2050. 

Concerns about climate change prompted the UK to 
adopt a progressive decarbonisation agenda since 
the early 2000s. 

In 2003, it set a target to reduce GHG by 60% in 2050 
from 1990 levels, which it then raised to 80% in 2008. 
That year, it passed the Climate Change Act – the 
world’s first legally-binding document for tackling 
climate change. The Act laid the foundation for the 
decarbonisation of the British economy, making it a 

duty for the UK government to ensure that its carbon 
account for all six Kyoto greenhouse gases1 for 2050 
would be at least 80% lower than the 1990 baseline 
scenario. 

Since the Climate Change Act was passed in 2008, the 
UK has been able to demonstrate that it is possible to 
decouple emissions growth and economic growth, 
leading the G7 group of advanced economies in this 
respect. According to government data, GHG emis-
sions have fallen by 30% just as the economy grew 
13% over the period 2008-2018, since the 1990 
baseline year. Per capita emissions were close to the 
global average of 7-8t CO₂e/person in 2018, having 
been 50% above this level in 2008.2

Fig. 1: Electricity mix by year and fuel source (TWh), 1999-2019

1  The Kyoto Protocol applies to the six greenhouse gases listed in Annex A: Carbon dioxide (CO₂), Methane (CH4), Nitrous oxide (N2O),  
Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs), and Sulphur hexafluoride (SF6). 

2  Hydrogen in a low-carbon economy. Committee on Climate Change. November 2018. Available online from:  
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy.pdf (Last accessed 12 August 2020)

Source: BEIS Energy Trends Section 5. Electricity (ET.5.1) republished by OFGEM  
https://www.ofgem.gov.uk/data-portal/electricity-generation-mix-quarter-and-fuel-source-gb
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Fig. 2:  UK annual territorial greenhouse gas emissions by sector in million tonnes carbon dioxide 
equivalent (MtCO₂e), 1990-2019

3  Climate change: Electrical industry‘s ‚dirty secret‘ boosts warming, BBC. September 2019. (Last accessed 18 October 2020)
4  Net Zero: The UK’s contribution to stopping global warming. Committee on Climate Change. May 2019.Available online from:  

https://www.theccc.org.uk/wp-content/uploads/2019/05/Net-Zero-The-UKs-contribution-to-stopping-global-warming.pdf (Last accessed 12 August 2020)

UK Greenhouse Gas Emissions as of June 2020. Source: Data.gov.uk 
https://data.gov.uk/dataset/9a1e58e5-d1b6-457d-a414-335ca546d52c/provisional-uk-greenhouse-gas-emissions-national-statistics

In 2019, the UK’s Committee on Climate Change (CCC) 
carried out a new review of the UK’s contribution to 
global warming and found that it was not just neces-
sary but also feasible and cost-effective to set out a 
net-zero target by 2050 because the technologies and 
policies that are necessary to help the country reach 
such an objective are now available and understood 
well enough to be implemented.

In practical terms, a net zero emission target involves 
phasing out fossil fuels such as coal, natural gas and 
oil from industrial consumption, electricity genera-
tion, heating or transport as well as other sources of 
greenhouse gas emissions from refrigeration and air 
conditioning, landfills or the electricity sector where 
the use of sulphur hexafluoride (SF6) to insulate infra-
structure has made an important contribution to 
global warming.3

So far, the decarbonisation of electricity generation 
has entailed the introduction of legally binding five-
year carbon budgets, the implementation of a carbon 
price support (CPS) in addition to the EU’s Emissions 
Trading Scheme (ETS) to which Britain, as a former EU 
member had signed up, and mandating the closure of 
coal-fired power plants by 2025. 

The UK’s green agenda for the electricity sector has 
been complemented by plans to decarbonise indus-
trial and household heating, expanding the fleet of 
electric vehicles, committing to building carbon 
capture and storage (CCS) facilities, guaranteeing 
the diversion of biodegradable waste from landfills, 
phasing out fluorinated gas, increasing afforestation 
and taking drastic measures to reduce emissions on 
farms.4
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Looking out to 2050, the CCC report has advised the 
UK pass urgent legislation to reach net zero GHG 
emissions by the set date based on the 1990 baseline 
scenario and ensure the objective covers all sectors 
of the economy including aviation and shipping. 

In this context, the report suggests policies should 
be designed with businesses and consumers in mind, 
being stable, long term and investable.5

At domestic level, the report notes that Scotland 
could credibly expect to achieve a net-zero target 
even earlier, in 2045, thanks to access to ample 
renewable energy. In contrast, Wales is advised to set 
a target of 95% GHG emission reduction relative to 
1990 because the country has fewer opportunities 
for CCS storage and high agricultural emissions that 
would be hard to reduce to net zero by 2050. 

Overall, however, Scotland and Wales could help 
offset each other, facilitating the net zero target for 
the whole of the UK by 2050. 

To achieve its commitments made both domestically 
and as a signatory to the landmark 2015 Paris Agree-
ment which lays out a global decarbonisation agenda, 
the UK government acknowledges the role of electri-
fication through reduced-cost, low-carbon produc-
tion technologies as well as that of alternative gases 
such as hydrogen. 

By the end of 2020, the UK government issued a ten-
point plan for a green industrial revolution, which 
aims, among others, to quadruple the installed off-
shore wind capacity to 40GW, build 5GW of hydrogen 
capacity for industry, homes and transport by 2030, 
build more carbon capture and storage capacity and 
turn the City of London into a global centre of green 
finance.6

As several EU states such as Germany and the EU 
itself have already published long-term hydrogen 
strategies, rolling out roadmaps of specific measures 
to be undertaken in their upcoming transition periods 
up to full decarbonisation, this study aims to under-
stand what direction the UK will be taking in terms of 
supporting the deployment of hydrogen in the run-up 
to 2050. 

5 Ibid.
6  PM outlines his Ten Point Plan for a Green Industrial Revolution for 250,000 jobs.‘ November 2020. Available online from  

https://www.gov.uk/government/news/pm-outlines-his-ten-point-plan-for-a-green-industrial-revolution-for-250000-jobs  
(Last accessed 27 December 2020)

Fig. 3:  Greenhouse gas emissions by EU-28 countries in million tonnes carbon dioxide equivalent 
(MtCO2e), 2018

EU Greenhouse Gas Emissions (in CO₂ equivalents, base year 1990) by member states in 2018. Source: Eurostat, June 2020, 
http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
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This paper should be informative on three accounts.

Firstly, the UK has a distinct advantage over other 
European countries in developing hydrogen, boasting 
access to multiple sources of supply such as offshore 
renewable capacity and natural gas, which could help 
develop hydrogen as costs are decreasing. Compared 
to countries such as Denmark or Germany, it also has 
access to higher availability of usable carbon dioxide 
(CO₂) storage sites for carbon capture and storage 
(CCS), which would be necessary when producing 
hydrogen from natural gas.7

It also has access to skilled professionals with demon-
strable achievements in scientific and engineering 
innovations and a well-developed financial sector, 
which could offer important sources of funding. 

Secondly, a number of landmark projects are being 
developed across the country, which could provide a 
blueprint for integrated large-scale industrial clusters 
that would guarantee the transition from a fossil fuel-
based economy to one based on low-carbon 
technologies. 

Considering its significant potential and assuming 
that ongoing hydrogen projects would be further 
expanded, a pertinent question that arises is whether 
the UK could become an exporter of surplus volumes 
to Europe in pre- and post-2050 scenarios. 

Finally, the study aims to understand why, despite the 
fact that the UK has been one of the most ambitious 
promoters of decarbonisation targets, it has lagged 
behind the EU as a whole or countries such as Ger-
many in formulating a long-term hydrogen strategy. 

The discussion will analyse how policies are shaped 
based on the interaction between local and regional 
authorities, the level of collaboration between the UK 
government and the Scottish government and the 
interaction between the UK and the wider EU. A 
particularly interesting angle of the debate has been 
the impact of the ongoing Brexit talks on the UK’s 
progress towards formulating and implementing a 
national hydrogen strategy. 

7  Hydrogen in a low-carbon economy. Committee on Climate Change. November 2018. Available online from:  
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy.pdf (Last accessed 12 August 2020)

1.2 Aim of the study
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This study has drawn on public and private reports, 
which have been published in recent months as well 
as on discussions with various stakeholders in Eng-
land and Scotland. Interviewees were selected 
according to their activity and contribution to devel-
oping the UK hydrogen sector and include high-pro-
file representatives of the Committee on Climate 
Change, the Energy Networks Association, National 
Grid and National Grid Ventures, the Scottish Hydro-
gen Fuel Cell Association, the Scottish government. 

  Hydrogen as a ‘valuable’ fuel in meeting the 
UK’s 2050 net zero emission target

Research has been undertaken by public and private 
stakeholders with regards to the role played by 
hydrogen in the run-up to 2050. 

Some studies such as a 2018 CCC report on hydrogen 
recognises that alternatives to carbon-based fuels 
would be required in electricity generation, transport 
and heating but notes that hydrogen would be a 
“valuable complement” to electrification in reducing 
emissions from energy use by 2050.8

Other studies see hydrogen as pivotal to decarbonis-
ing sectors such as heating or transport. 

Several reports published in 2020 seek to understand 
the role that hydrogen could play in household or 
industrial heating, transport and electricity genera-
tion under various scenarios.

For example, the Sixth Carbon Budget published for 
the period 2033-2037 by the UK’s Committee on Cli-
mate Change on 9 December 2020 outlines detailed 
forecasts for hydrogen production not only in terms 

of aggregated output figures by 2050 but also by type 
of hydrogen that would be in use within the given 
timeline.9

Under the four scenarios discussed by the report, the 
UK could produce anything between 160TWh/year 
and 375TWh/year of hydrogen by 2050, with the 
share of hydrogen produced from renewable genera-
tion expected to increase from 21% of total supplies 
by 2035 to 44% by 2050.10

Meanwhile, the report acknowledges the role played 
by steam methane reformed fossil fuels in establish-
ing a hydrogen sector at scale. It notes that as much 
as 60% of the total hydrogen supplies would come 
from SMR by 2035 but anticipates that this may fall to 
32% by 2050.

The same report also forecasts hydrogen imports, 
which could hover around 13% of the total consump-
tion within the next three decades.11

To deliver on these targets, the UK would need to 
invest £50 billion annually through to 2030 and 
ensure that its low-carbon hydrogen production 
would be scaled up to 90TWh/year by 2035, which 
would amount to a third of the current size of the 
electricity sector. 

A Scottish government hydrogen policy statement 
published two weeks later, on 21 December 2020, 
proposes to build 5GW of hydrogen generation by 
2030 in Scotland alone and insists the country could 
scale up electrolysed capacity to 25GW by 2045, aim-
ing to produce 126TWh/year. Out of these, 32TWh/
year would be used to meet Scotland’s net zero tar-
get and 94TWh/year of electrolysed hydrogen could 
be earmarked for export.12

8  Hydrogen in a low-carbon economy. Committee on Climate Change. November 2018. Available online from:  
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy.pdf (Last accessed 12 August 2020)

9  The Sixth Carbon Budget: The UK‘s path to Net Zero. Committee on Climate Change. December 2020. Available from:  
https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf (Last accessed 27 December 2020)

10 Ibid.
11 Ibid.
12  Scottish government hydrogen policy statement. December 2020. Available online from: https://www.gov.scot/binaries/content/documents/

govscot/publications/speech-statement/2020/12/scottish-government-hydrogen-policy-statement/documents/scottish-government-hydrogen-poli-
cy-statement/scottish-government-hydrogen-policy-statement/govscot%3Adocument/scottish-government-hydrogen-policy-statement.pdf 
(Last accessed 27 December 2020)

1.3. Key findings 

file:///Users/ines/Downloads/scottish-government-hydrogen-policy-statement-1.pdf
file:///Users/ines/Downloads/scottish-government-hydrogen-policy-statement-1.pdf
file:///Users/ines/Downloads/scottish-government-hydrogen-policy-statement-1.pdf
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This is largely because the UK already has multiple 
sources of supplies and potential for further newbuild 
as well as a distinct advantage compared to other 
countries such as Germany or Denmark due to higher 
availability of usable carbon dioxide (CO₂) storage 
sites for carbon capture and storage (CCS), which 
would be necessary when producing hydrogen from 
natural gas. 

Thanks to the choices that the UK has, the British gov-
ernment has noted that the most sensible path to 
pursue towards a net-zero objective would be a ‘twin 
track’ approach where low-carbon hydrogen is sup-
ported and scaled up through various innovation and 
investment mechanisms across the value chain, while 
at the same time the role of renewable hydrogen is 
acknowledged, and production is equally increased.14

A few months earlier, in July 2020, National Grid ESO, 
the British electricity network published its Future 
Energy Scenarios, a vision for the upcoming 30 years 
where it discusses carbon emissions, the transition to 
green energy and the uptake of new technologies. 

The study identifies four scenarios, all of which find 
that at least 190TWh of energy for hydrogen produc-
tion is required in all net zero scenarios out to 2050. 
Under these scenarios, hydrogen can take up any-
thing between 21 – 59% of the 2050 net zero end-
user needs. 

One of the four scenarios – System Transformation – 
predicts the highest demand for hydrogen, seeing a 
large-scale rollout across sectors – home and indus-
trial heating, transport and electricity generation.  In 
this scenario as much as 65% of homes may be using 
hydrogen for heating. 

In more concrete terms, by 2050 a total of 591TWh of 
hydrogen may be produced requiring 736TWh of 
energy.

Finally, a study published by UK-based consultants 
Aurora Energy Research notes that hydrogen could 
cover as much as 50 per cent of the country’s final 
energy demand by 2050.13

13  Hydrogen for a Net Zero GB: An integrated energy market perspective. Aurora Energy Research. June 2020. Available online from:  
https://www.auroraer.com/insight/hydrogen-for-a-net-zero-gb/ (Last accessed 12 August 2020)

14  As noted by Paul Henderson, head of Hydrogen Supply, Hydrogen Economy, BEIS, in a presentation for the Scottish Hydrogen & Fuel Cell Association 
annual conference on 14 October 2020
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  The potential for large-scale expansion

The potential for large-scale expansion of hydrogen 
production and transportation is supported by several 
factors such as multiple sources of supply to generate 
it, higher availability of storage sites for CCS, access 
to a world-class financial sector which could provide 
important sources of funding and, more generally, 
expectations of falling production costs which make 
the technology more attractive. 

A number of important projects designed to convert 
gas networks, homes, industrial clusters or businesses 
from natural gas to hydrogen are already pioneered 
across the UK. Similar ambitious projects are also 
developed in the transport sector where projects 
such as Aberdeen Vision supply hydrogen to buses, 
making it the second largest fleet of vehicles in the 
UK after London to run on the fuel. 

The technology could be further developed, with 
large-scale adoption of hydrogen likely to add some 
£3billion annually to the clean energy market by 
2050.15

One of the most important areas where hydrogen 
could see widespread expansion is the heating sector. 

Evidence quoted in the 2018 CCC report on hydrogen 
suggests that full decarbonisation of the UK’s gas 
distribution networks to hydrogen and its like-for-like 
use in boilers as is done today would lead to high 
demand for the fuel by 2050. This may reach 470TWh 
even when allowing for substantial improvements to 
buildings energy efficiency.16

In fact, a CCC report published in June 2020 suggested 
that by 2050 a new low-carbon industry was needed 
with UK hydrogen production capacity reaching the 
same size as the country’s current fleet of gas-fired 
power stations.17

The industrial sector would also benefit from the 
penetration of hydrogen, helping to reduce industrial 
heat or supporting the food and drinks sector where 
the decarbonisation of distributed sources of CO₂ 
emissions would be impractical and costly to 
capture.18

In the transport sector, hydrogen fuel cell vehicles 
would be a sensible solution particularly for heavy-
duty vehicles where the need to store and carry large 
amounts of energy is greater. 

15 Ibid.
16  Hydrogen in a low-carbon economy. Committee on Climate Change. November 2018. Available online from:  

https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy.pdf (Last accessed 12 August 2020)
17  „Reducing UK emissions: 2020 Progress Report to Parliament“ Committee on Climate Change, June 2020,   

https://www.theccc.org.uk/publication/reducing-uk-emissions-2020-progress-report-to-parliament/ (Last accessed 24 October 2020)
18 Ibid.
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  Challenges to formulating a strategy

Despite the ambitious targets proposed by various 
studies, the UK government itself is yet to draft a 
strategy that would formulate the exact objectives 
that would need to be reached in the run-up to 2050 
and define the role of hydrogen within this transition 
period. 

Several UK-based stakeholders in the public sector or 
lobby groups interviewed for this research said there 
were either “questions about the exact role” that 
hydrogen would play in the upcoming transition 
period or noted that the sector was developing piece-
meal following the “learning by doing” principle. 

Some interviewees also suggested that the formula-
tion of a UK-wide strategy had been complicated by 
Brexit talks and more recently by the coronavirus 
pandemic, which meant that government resources 
were being channelled to handle these latter 
challenges. 

Nigel Holmes, CEO of the Scottish Hydrogen and Fuel 
Cell Association (SHFCA) who was interviewed for this 
research said things were changing faster in the 
hydrogen industry than at any point in recent years. 

In practical terms this means that with production 
costs falling, there are several questions that can only 
be answered as the industry adapts to new dynamics. 

These questions relate primarily to the role played by 
hydrogen alongside other technologies such as the 
electrification of heating and the relative share of dif-
ferent types of hydrogen within this mix in pre- and 
post-2050 scenarios. 

A point raised and acknowledged by interviewees 
both in England and Scotland was that Scotland was 
further ahead than England in terms of pushing the 
hydrogen agenda and much more ambitious in terms 
of formulating clearer timescales. If anything, as 
Laura Sandys, CBE, chair of the Energy Data Taskforce 
and non-executive director of Energy Systems Cata-
pult, a not-for-profit centre for excellence bridging 
the gap between industry, government, academia 
and research said: “Scotland is somewhat pushing the 
agenda and England is catching up.”

A concern voiced by Nigel Holmes related to the 
scrapping of regional development agencies in Eng-
land, which had been established in the late 1990s 
with a view to drive regional economic regeneration. 
The nine English RDAs were scrapped in 2010.  

In contrast, Scotland retained such bodies, which 
Holmes said were pivotal in championing major 
hydrogen projects such as Aberdeen Vision, or the 
HySeas project in the Orkneys which will pave the 
way for the building and launch of the world’s first 
sea-going car and passenger ferry fuelled by 
hydrogen.
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The study is organised into six sections, including this 
introduction, which is followed by a general review of 
the hydrogen industry, defining the various types of 
hydrogen and their means of production. This part 
will also explore the commercial aspect of producing 
hydrogen globally. Following immediately afterwards, 
there will be a larger part of discussion, which will 
analyse the role that hydrogen could play in the UK 
economy in the transition period to 2050. 

It will be split into three sections. The first will exam-
ine the questions that are being asked with regards to 
the role that hydrogen could play within the wider UK 
energy mix, the policies that are being put in place 
and the choices that would have to be made over the 
upcoming decades. 

The second part will analyse the assumptions that 
have been put forward with regards to the uptake of 
hydrogen in the industrial and residential heating sec-
tor, transport and electricity generation. It will also 
discuss the costs and financing opportunities and will 
review landmark projects which are expected to play 
a crucial role in helping to develop the hydrogen sec-
tor in the UK.

The third part will discuss the challenges facing the 
sector with regards to drafting a national strategy, 
the development of production and the potential for 
import or export of hydrogen in the long term. 

The conclusion will sum up the highlights of the study 
and review key policy recommendations gathered 
throughout this research. 

1.4 Structure of study
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Hydrogen is a colourless, odourless and flammable 
gas. Although it is the most abundant element in the 
world, it occurs either as part of water in oceans, ice 
packs, rivers, lakes and the atmosphere or as part of 
carbon compounds, animal and vegetable tissue or in 
petroleum.19

Early experiments by Swiss physician and alchemist 
Paracelsus in the 16th century researched the proper-
ties of hydrogen while English chemist Henry Cavendish 
discovered two centuries later that the fuel was 
distinct from other combustible gases because of its 
low density. 

Hydrogen began to power the first internal combustion 
engines some 200 years ago and became an integral 
part of the modern refining industry thanks to its 
light, storable, energy-dense properties. 

Since the 1970s when hydrogen started to penetrate 
the industrial sector, being used primarily in ammonia 
production, low-carbon methanol and for refining, 
demand has risen more than threefold and is expected 
to soar as greater evidence of climate change and a 
growing sense of urgency is supporting the case for 
the fuel. 

As countries across the world are embracing the 
decarbonisation agenda, they are also recognising 
the role that hydrogen could play towards that goal, 
particularly in the decarbonisation of household and 
industrial heat, transport or electricity generation. 

Hydrogen can be extracted from a variety of sources 
including natural gas and coal, biomass, water or a mix 
of both.

19 Hydrogen. Britannica. Available online from https://www.britannica.com/science/hydrogen (Last accessed 12 August 2020)
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tures forms synthesis gas, which consists of carbon 
monoxide and hydrogen. Hydrogen can be isolated 
through a separation system and the resulting carbon 
dioxide emissions can be captured and stored.20

Hydrogen can also be created from natural gas and 
steam methane reformation (SMR), a production 
process in which high-temperature steam of up to 
1000°C is used to produce hydrogen from a methane 
source, typically natural gas. Natural gas is less pollut-
ing which means that although SMR still produces 
CO₂, is it a much cleaner source of production than 
coal.21 The production process is however polluting 
which means that it requires additional technology 
to capture and store carbon. Carbon capture and 
storage (CCS) can trap up to 95% of the carbon 
dioxide emissions, which occur from the use of fossil 
fuels. 

Another option to produce hydrogen from natural 
gas is via methane pyrolysis, which is a new process 
that splits natural gas or biomethane into hydrogen 
and carbon dioxide, using relatively little energy 
produced from renewable electricity.22

Depending on the source of production, it has been 
labelled brown, grey, blue or green hydrogen. Never-
theless, this study will refrain from using colour labels 
as these may be ideologically loaded and not scientif-
ically accurate.  

For example, hydrogen produced from renewable 
forms of generation may not be entirely ‘green’ as 
the colour label would suggest. This is because 
although electricity produced from wind, solar, etc 
would be clean in itself, the means to generate it are 
not carbon-free. In this context, several elements 
would have to be taken into account such as the fact 
that the equipment to generate it is produced from 
materials, which had been mined and, which, once 
they complete their life cycle could create toxic waste 
disposal hazards. 

Hydrogen, which is extracted from lignite, contains a 
higher proportion of oxygen and hydrogen than the 
older, black variety of coal but when burnt, it has a 
significantly higher carbon footprint than coal. The 
gasification of coal through chemical reactions with 
oxygen and steam under high pressure and tempera-

Fig. 4:  Hydro production pathway from renewable sources and natural gas. 

Source: Republished from Hydrogen for Europe; Final report of the pre-study. IFPEN and SINTEF, August 2019,
https://www.sintef.no/globalassets/sintef-energi/pdf/hydrogen-for-europe-pre-study-report-version-4_med-omslag-2020-03-17.pdf/

20  Hydrogen Production: Coal Gasification. Office of Energy Efficiency & Renewable Energy. Available online from:  
https://www.energy.gov/eere/fuelcells/hydrogen-production-coal-gasification#:~:text=The%20gasification%20of%20coal%20is,of%20carbon%20
monoxide%20and%20hydrogen. (Last accessed 12 August 2020)

21  Maclenan, A. (2020) What Colour is your Hydrogen? Available online from:  
https://storymaps.arcgis.com/stories/1eb98332059d493592151ded4d5ada9a (Last accessed 12 August 2020)

22  „A real milestone“, an interview about methane pyrolysis. BASF  
https://www.basf.com/gb/en/who-we-are/sustainability/we-produce-safely-and-efficiently/energy-and-climate-protection/carbon-management/
interview-methane-pyrolysis.html (Last accessed 25 October 2020)

https://www.basf.com/gb/en/who-we-are/sustainability/we-produce-safely-and-efficiently/energy-and-climate-protection/carbon-management/interview-methane-pyrolysis.html
https://www.basf.com/gb/en/who-we-are/sustainability/we-produce-safely-and-efficiently/energy-and-climate-protection/carbon-management/interview-methane-pyrolysis.html
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Proponents of this technology have suggested that 
the solid carbon extracted from this process was eas-
ier to handle and store than CO₂ but the merits of the 
process have only been demonstrated at laboratory 
stage for now.23 Studies also showed that while meth-
ane pyrolysis is valuable for CO₂ free hydrogen, there 
are still many uncertainties related to cost and effi-
ciency. Active research at laboratory level aims how-
ever to overcome these challenges.24

The technology is being used in the US or Germany 
but in the UK there are as yet no commercial installa-
tions for the production of hydrogen. 

Hydrogen can also be extracted from electrolysed 
water, a technique that uses direct electric current to 
drive a non-spontaneous chemical reaction. The elec-
tricity used for electrolysis comes from renewable 
sources such as wind or solar so that no CO₂ is 
emitted. 

So far, however, the primary source for hydrogen pro-
duction has been natural gas, accounting for three 
quarters of the annual global production of around 
50 -70 million tonnes, according to the IEA.25 This 
accounts for 6% of natural gas use globally. In China, 
the primary source of production is coal, due to 
abundant local production.

This means that in the case of hydrogen with SMR 
although the actual end product is clean, the produc-
tion process is polluting, being responsible for around 
830million tonnes of CO₂ annually, or the equivalent 
of CO₂ emissions of the UK and Indonesia combined.26

As countries are drafting more ambitious decarboni-
sation agendas, they are also exploring the possibility 
of ramping up the production of electrolysed hydro-
gen, which currently accounts for less than 0.1% of the 
global hydrogen production from water electrolysis.27

Fig. 5: Share of fossil fuel and electrolysis in global hydrogen production in 2019. 

Source: Future Energy Scenarios 2020. National Grid ESO 

23  Hydrogen and decarbonisation of gas: False down or silver bullet? OIES, March 2020  
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/03/Insight-66-Hydrogen-and-Decarbonisation-of-Gas.pdf

24  The cost for CO₂-free hydrogen - methane pyrolysis at scale, BASF, December 2019. Available online from:  
https://arpa-e.energy.gov/sites/default/files/1%20Scale%20up%20BASF.pdf (Last accessed 25 October 2020)

25  The Fugure of Hydrogen. Technology report. IEA. June 2019. Available online from:  
https://www.iea.org/reports/the-future-of-hydrogen (Last accessed 25 October 2020)

26 Ibid
27 Ibid. 
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The IEA reported suggested that producing all of 
today’s hydrogen output from electricity would result 
in an annual electricity demand of 3,600TWh, or more 
than the total annual electricity generation of the 
European Union at current levels.28

As governments are setting more ambitious decar-
bonisation agendas worldwide, they also face two 
critical questions.

Firstly, they need to decide between a large-scale 
deployment of hydrogen versus other technologies 
such as heat pumps in the heating sector or the use 
of hydrogen in transport versus battery-powered 
electric vehicles. 

With declining costs for renewable electricity and in 
particular from solar photovoltaics (PV) and wind, 
there is growing momentum for expanding the output 
of electrolysed hydrogen globally. 

Increasing the production of electrolytic hydrogen 
would lead to a surge in electricity demand globally. 

28 Ibid. 

2.1  Hydrogen or electrification?

Fig. 6:  Consumption of hydrogen by different sectors of activity in 2018 and excepted consumption in 
2050 in MTH₂/year

Source: Hydrogen Council, Kearney Energy Transition Institute analysis

Secondly, they must also decide what the relative 
share of different types of hydrogen production 
would be in a decarbonised economy.

On both accounts one of the most important factors 
likely to sway decisions is costs. 

For example, EU policy-makers have been weighing 
the benefits of technologies such as heat pumps and 
hydrogen for decarbonising the heating and cooling 
sectors which account together for approximately 
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50% of Europe’s total energy consumption, including 
residential, service and industrial sectors (Pezzutto et 
al 2019). 

Although heat pumps have become the most com-
mon technology in new houses, with 20 million 
households purchasing them in 2019, they still only 
meet 5% of global demand, according to the IEA 
(Abergel 2020).

There are expectations that the share of residential 
heat supplied by heat pumps would triple by 2030, 
but the IEA notes that in order to support this 
increase, policies would need to address critical barri-
ers to adoption, including high upfront purchase 
prices, operational costs and the legacy of the exist-
ing building stock (Ibid.)  

In this context, a study by Eurogas, the association 
representing the European gas wholesale, distribu-
tion and retail found that reaching carbon neutrality 
by 2050 could be 7% cheaper if the EU were to opt 
for alternative gases including hydrogen instead of 
electrification.

The paper found that the EU’s 2050 total carbon neu-
trality costs would be to €4.1trillion, or 7% cheaper 
than in the EU’s 1.5TECH scenario outlined in the 
bloc’s long-term decarbonisation strategy. 

The cost difference between the Eurogas commis-
sioned study and the EU 1.5TECH scenario is related 
to the decarbonisation solutions offered in each case. 

The 1.5TECH scenario emphasises the need for elec-
trification using certain technologies such as heat 
pumps, particularly in the heating sector. 

The study commissioned by Eurogas with interna-
tional consultants DNV GL, shows that climate objec-
tives can be met more cost-effectively by using exist-
ing assets, limiting subsidy schemes, and leaving 
market fundamentals in place. 

The subsidies required to incentivise consumers to 
choose decarbonised energy are €10.1 trillion (80%) 
lower in the Eurogas scenario. Further cost savings are 
made by repurposing the existing gas infrastructure – 
for example switching from gas to hydrogen boilers – 
instead of building new electricity infrastructure.

Fig. 7:  CCS Facilities around the world. 

Source: Republished from Global Status of CCS 2019: Targeting Climate Change. Global CCS Institute. 
https://www.globalccsinstitute.com/wp-content/uploads/2019/12/GCC_GLOBAL_STATUS_REPORT_2019.pdf
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29  Hydrogen from natural gas: The key to deep decarbonisation. Poyry, July 2019. Accessible online from:  
https://www.poyry.com/sites/default/files/zukunft_erdgas_key_to_deep_decarbonisation_0.pdf (Last accessed 25 October 2020)

30  Questions and answer: A Hydrogen Strategy for a climate neutral Europe. European Commission. July 2020. Available online from:  
https://ec.europa.eu/commission/presscorner/detail/en/QANDA_20_1257 (Last accessed 12 August 2020)

31  Ibid.
32  German hydrogen plans would boost demand but offshore wind growth to dampen price impact. ICIS editorial. July 2020. Available online from 

https://www.icis.com/explore/resources/news/2020/07/01/10525545/german-hydrogen-plans-would-boost-demand-but-offshore-wind-growth-to-
dampen-price-impact (Last accessed 12 August 2020)

33  Dickel, R. (2020) Blue hydrogen as an enable of green hydrogen, the case of Germany. OIES NG 159 May 2020. Available online from:  
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/06/Blue-hydrogen-as-an-enabler-of-green-hydrogen-the-case-of-Germany-NG-159.pdf 
(Last accessed 25 October 2020)

The Eurogas study also found that in a scenario 
where hydrogen production would require carbon 
capture and storage (CCS), the costs could amount to 
€930bn for the period 2020-2050, or €30bn annually 
over this period. The estimated costs produced by 
consultants DNV GL for the Eurogas study would be 
on average 9% lower than the 1.5TECH scenario. 

Even if governments were to ascribe a critical role to 
hydrogen within the wider decarbonisation agenda, 
they would still need to decide what production path 
would be best suited to meet those goals and drive up 
production.

The latest strategies published by the EU or Germany 
in the summer of 2020 indicate that momentum is 
gathering for electrolysed hydrogen. 

For example, Brussels foresees the installation of 6GW 
of renewable hydrogen electrolysers by 2024 with a 
view to produce up to one million tonne (12TWh) of 
renewable hydrogen by that date. This would be a six-
fold increase from current levels.30  
In the first phase the objective is to decarbonise exist-
ing hydrogen production for current uses such  
as the chemical sector.

In a second phase covering the period 2024-2030, 
hydrogen is expected to become an intrinsic part of an 
integrated energy system. This means that at least 
40GW of renewable hydrogen electrolysers would 
have to be brought online, with a view to produce 
10milion tonnes of hydrogen across the bloc. In this 
second phase, the use of the technology would be 
expanded to new sectors such as steel making, trucks, 
rail and some marine applications. 

In the third phase spanning 2030 – 2050, hydrogen 
technologies would reach maturity and would pene-

trate all hard-to-electrify sectors where other alterna-
tives might not be feasible or would be comparatively 
costlier.31

In Germany’s case, its long-term hydrogen strategy 
published at the beginning of June 2020, foresees the 
construction of 5GW of electrolyser capacity by 2030, 
corresponding to green hydrogen production of up to 
14TWh annually by that date. A further 5GW of similar 
capacity is expected to be deployed over the following 
decade. 

Even with the new electrolyser capacity, there would 
still be a considerable shortfall between estimated 
levels of production and expected demand of up to 
110TWh by 2030, double the current levels of 
production.32

To guarantee the electrolyser capacity through to 
2030, the German government raised the target for 
offshore wind capacity from 15 to 20GW. 

However, a recent study found that producing hydro-
gen from natural gas was a must for Germany because 
the country could not realistically scale up electrolysed 
hydrogen before 2040 since this would mean fully 
decarbonising the electricity sector (Dickel 2020). The 
study concludes that for the transition period up to 
2040 or 2050, Germany should consider deploying 
hydrogen from natural gas at least until electrolysed 
hydrogen would become sufficiently cost-effective.33

2.2 Available options

Another study by Finland-headquartered consultants 
Poyry [now merged and named Afry] found that 
although the switchover to hydrogen was challenging 
to deliver, the fuel, and in particular that produced 
from natural gas, would provide a practical and eco-
nomic pathway to reaching this objective.29
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34  Environmental impacts of hydrogen plants. EIGA. Doc 122/18 Accessible online from:  
https://www.eiga.eu/index.php?eID=dumpFile&t=f&f=3445&token=0c6c43064280cb30331fe047f6b798485b157e2a (Last accessed on 31 October 
2020) 

35 Ibid.
36  Weighing the environmental impacts of wind and solar. Powermag. July 2016. Available online from:  

https://www.powermag.com/weighing-environmental-impacts-wind-solar/ (Last accessed 31 October 2020)
37  Ibid.

2.3  Environmental impact of hydrogen production  
technologies

While hydrogen as an end product is non-polluting, 
the processes involved in generating it are.

For example, in the case of steam methane reform-
ing, the most widely used hydrogen production pro-
cess, there are a number of factors that contribute to 
pollution. These include causing emissions to air from 
the reformer, using catalysts and chemicals in the 
process, using oil, creating emissions of volatile 
organic compounds, using chlorinated solvents dur-
ing maintenance or accidentally from the chillers.34  

Steam reforming plants produce carbon dioxide emis-
sions directly from the plant as the elevated tempera-
tures required to separate hydrogen from water and 
hydrocarbons are provided by burners, which release 
flue gas to atmosphere.35

In contrast, water electrolysis is free of direct carbon 
dioxide emissions but emissions are nonetheless pro-
duced indirectly by the facility generating electricity. 
These indirect emissions are related to the type of 
fuel used in the electricity plant.

The shortcomings of electrolysis relate primarily to 
the fact that in order to produce hydrogen through 
this process, it is required to have access to water, 
which for many countries in dry climates may be 
problematic. 

Another issue is related to the fact that when using 
renewable forms of generation such as wind or solar, 
the technology itself may be polluting. 

The solar panels used to generate electricity are 
made of metallic silicon, which is produced using 
fossil fuels and toxic and corrosive materials.36

Meanwhile, wind turbines require rare earth elements 
such as neodymium, whose extraction process may 
have a serious impact on the environment because 
it entails the use of acids used in refining and the 
frequent occurrence of uranium and thorium in the 
ores.37

Methane pyrolysis, another process that is used to 
produce hydrogen, splits natural gas into its compo-
nents – carbon and hydrogen.

Unlike steam methane reforming which uses natural 
to produce hydrogen, methane pyrolysis produces 
solid carbon, which does not require storage. How-
ever, as part of the purification process, some of the 
pyrolysis processes also use metal catalysts, which 
may include toxic materials such as nickel or cobalt 
(Sanchez-Bastardo et al 2020).
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Although electrolysed hydrogen may be the fuel of 
choice to meet the 2050 decarbonisation targets, its 
costs have been historically high. 

A study by Bloomberg NEF found that in 2018, 99% of 
the produced hydrogen was extracted from fossil fuels. 
However, with the cost of renewable energy coming 
down, the cost of alkaline electrolysers has also fallen 
some 40% between 2014 – 2019 in North America 
and Europe, while cost of systems made in China may 
be 80% cheaper than those in western countries.38

The study notes that if electrolyser manufacturing 
expands and production costs continue to fall then 
renewable hydrogen could be produced for anything 
between $0.8 - $1.6/kg in most parts of the world by 

2.4 Driving down costs 

38  Hydrogen Economy Outlook: Key messages. BloombergNEF. March 2020. Available online from:  
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf (Last accessed 12 August 2020)

39  Ibid. 
40  Questions and answer: A Hydrogen Strategy for a climate neutral Europe. European Commission. July 2020. Available online from:  

https://ec.europa.eu/commission/presscorner/detail/en/QANDA_20_1257 (Last accessed 12 August 2020)

2050. This would amount to gas prices of anywhere 
between $6 - $12.00/million British thermal units 
(MMBTu), making it competitive not only against  
natural gas prices but also against hydrogen produced 
from fossil fuels with CCS.39

Meanwhile, the EU estimates that costs for fossil- 
based hydrogen are around €1.5/kg for the EU,  
disregarding the cost of CO₂. Estimated costs for fos-
sil- based hydrogen with CCS are around €2/kg, and 
renewable hydrogen €2.5-€5.5/kg.40

Even if production costs were to decrease, transport-
ing or storing it would require significant investments 
through to 2050 because its low density makes it 
harder to store and transport than natural gas.

Source: European Commission and Parkinson et al, cost estimations from Parkinson et al have been converted from dollars to euro with an exchange rate 
of 1$ to 0.9€.  Original figures are $1.93-$2.26/kg H₂ for steam reforming with CCS and $1.36-$1.79/kg H₂ for methane pyrolysis.
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For example, the same Bloomberg report estimates 
that if hydrogen were to replace natural gas in the 
current economy today, it would need three to four 
times more storage infrastructure at a cost of $637bn 
by 2050.41 For that reason, hydrogen can only be 
competitive in large-scale local supply chains.  

The added benefit of hydrogen is the fact that it can 
be produced either in a centralised manner or distrib-
uted. Large production facilities would be needed in 
the longer term once demand has built up and econ-
omies of scale are available to support them.42

Medium-size facilities may be built close to the point 
of use and may help minimise hydrogen costs and 
infrastructure. This means that hydrogen produced 
from natural gas can benefit from this method, as the 
methane could be transported using the existing 
infrastructure and then converted into hydrogen on 
site (Dickel 2020). 

The level of uptake at global level will depend on four 
key factors. 

The first and, possibly the most important driver, 
relates to the policies that are being formulated and 
implemented.  

Large-scale deployment of hydrogen projects will 
require both public and private funding which can 
only be incentivised by clear and reliable policies 
coordinated across government departments.

Secondly, although production costs are declining, 
governments would still need to subsidise hydrogen 
production in the transition period up to 2050 in 
order to make the technology competitive against 
other fuels. For example, the Bloomberg NEF study 
estimates a roll-out of around $150bn globally over 
the next decade. 

The EU expects cumulative investments in renewable 
hydrogen in Europe to range between €180 - €470bn 
by 2050 and between €3-€18bn for low-carbon fos-
sil-based hydrogen.43

Thirdly, carbon pricing is likely to play a critical role in 
determining the switch from fossil fuels to cleaner 
technologies such as hydrogen. The Bloomberg NEF 
study points out that even at $1/kg delivery cost of 
hydrogen, a price on emission reductions would still 
have to be levied in order to make the technology 
competitive in the longer-term.

Finally, much will also depend on the level of uptake 
of the technology across various sectors of the econ-
omy. For example, the right policies and incentives 
would have to be put in place to encourage house-
holds to switch from gas to hydrogen-boilers to help 
reduce the carbon footprint of the heating sector. 
Similar incentives and policies would also have to be 
devised to ensure hydrogen can compete against 
electric vehicles in the transport sector. 

In brief, although a hydrogen economy is now taking 
shape as policymakers show greater commitment to 
ambitious decarbonisation agendas worldwide and 
the private sector begins to see merit in long-term 
investments thanks to falling costs, there are still 
challenges that need to be addressed. 

These relate to the role that hydrogen is likely to play 
in the transition period up to 2050, the clarity and 
reliability of policies that are being put in place, the 
level of coordination at government level as well as 
public attitudes towards switching from a fossil fuel-
based economy to one based on cleaner 
technologies. 

The following sections will discuss these topics from 
the perspective of the UK market.

41  Hydrogen Economy Outlook: Key messages. BloombergNEF. March 2020. Available online from:  
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-30-Mar-2020.pdf (Last accessed 12 August 2020)

42  Central Versus Distributed Hydrogen Production Available online from  
https://www.energy.gov/eere/fuelcells/central-versus-distributed-hydrogen-production (Last accessed 31 October 2020) 

43 Questions and answers: A hydrogen strategy for a climate neutral Europe
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The global annual production of hydrogen currently 
stands at around 50 million tonnes or 2,000TWh of 
energy equivalent. Of these, 0.7Mt are produced and 
consumed in the UK, 97% of which comes from hydro-
gen production using SMR without CCUS while the 
remaining 3% comes from electrolysed hydrogen.44

Historically, most of the hydrogen produced in the 
UK has been used for ammonia production, which 
amounts to 42% of current volumes and 52% for 
refining. The remaining 6% is used for various other 
purposes including transport.45

Although the UK is one of the world’s top ten coun-
tries46 to actively seek the expansion of its hydrogen 
sector, its annual production and consumption figures 
are relatively smaller compared to other countries in 
this league. In Germany for example, annual demand 
for hydrogen currently stands at 55TWh (4.7MT).47

Even though from an output point of view the volumes 
that are commercially produced in the UK annually 
remain very small, the country has been pioneering a 
number of projects such as H21 North of England or 
Hy4Heat which have helped it to stay at the forefront 
of research into establishing a hydrogen transmission 
system or pursue the switchover to hydrogen heating 
appliances. 

The UK has also set ambitious targets that could see 
hydrogen covering as much as 59% of the total net 
zero energy needs by 2050 thanks to expanding off-
shore renewable energy capacity and access to stor-
age that could capture emissions.  

This remaining discussion of this paper will focus on 
three angles. 

44  Future Energy Scenarios 2020. National Grid ESO. July 2020. Available online from  
https://www.nationalgrideso.com/document/173821/download  (Last accessed 12 August 2020)

45 Ibid.
46  Deign, J. (2019) 10 Countries Moving Toward a Green Hydrogen Economy. Green Tech Media. October 2019. Available online from:  

https://www.greentechmedia.com/articles/read/10-countries-moving-towards-a-green-hydrogen-economy (Last accessed 12 August 2020) 
 47  Amelang, S. (2020) Germany’s National Hydrogen Strategy. Clean Energy Wire. June 2020. Available online from:  

https://www.cleanenergywire.org/factsheets/germanys-national-hydrogen-strategy (Last accessed 12 August 2020) 

Fig. 9: UK share of global hydrogen production in 2019.  

Source: Future Energy Scenarios 2020. National Grid ESO
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The first, included in this section, will provide an 
overview of the questions that are being asked and 
which will inform the drafting of an overarching 
national strategy. 

The second part will assess the proposals that are 
being put forward analytically and tested as part of 
various projects. This section will review some of the 
key projects that are at the forefront of hydrogen 
development in the UK. 

The final part will discuss the challenges that have 
occurred and how they are being addressed by 
stakeholders.

Source: Future Energy Scenarios 2020. National Grid ESO

Fig. 10: Global use of hydrogen. 
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3.1 What is at stake?

Thanks to a combination of measures which helped 
to drive coal-fired power generation from 40% of the 
UK’s power mix in 2012 to under 10% after 2017,48 
improve the efficiency of electricity production, intro-
duce a binding carbon price floor and phase in a land-
fill tax, emissions in the UK have been falling more 
quickly than the G7 average. 

This has translated into economic growth. For exam-
ple, figures quoted by the CCC 201949 report show 
that the UK’s low-carbon and renewable energy 
economy directly generated £44.5bn in turnover in 
2017 50, an increase of 0.68% compared to the previous 
year.51

Even so, despite the fact that a number of policies 
have been successfully implemented with a view to 
reduce GHG, no formal strategies have been formu-
lated and adopted with regards to the role that 
hydrogen would play in meeting the net zero 2050 
targets and the means that would have to be pursued 
in order to meet those objectives. 

Industry representatives are discussing what exactly 
policies should be targeting and how they should 
adapt to fast-changing market dynamics, how projects 
could be funded, how existing regulations should 
change in order to accommodate upcoming transfor-
mations and how different organisations should be 
coordinating their activity in order to formulate and 
implement them. 

Various stakeholders interviewed for this research 
stressed the fact that the sector was developing in an 
organic manner, following the “learning by doing” 
principle and noted that the sector still had unan-
swered questions regarding the actual share of 
hydrogen in the future energy mix and the relative 
share that different types of hydrogen could take up 
within this wider mix. 

Nigel Holmes, CEO of the Scottish Hydrogen and Fuel 
Cell Association (SHFCA) noted in an interview for this 
report that the industry was changing at a very fast 
pace. 

This means that any strategy that would be adopted 
would have to be approached in the right way and 
adapt to the dynamic nature of market growth. 

48  The UK’s National Grid even reported that coal-fired generation was completely switched off over a more extensive period of time in 2019 and 2020, 
being replaced with renewable generation. 

49  Net Zero: The UK’s contribution to stopping global warming. Committee on Climate Change. May 2019.Available online from:  
https://www.theccc.org.uk/wp-content/uploads/2019/05/Net-Zero-The-UKs-contribution-to-stopping-global-warming.pdf  
(Last accessed 12 August 2020)

50  Although this was an important source of revenue, it still only represented 1% of the UK non-financial business economy). 
51  The estimates are limited to direct activity only (excluding the supply chain) and use a narrow definition of the low-carbon sector which excluded 

the financial services. 
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A first and critical question relates to the type of 
hydrogen that would be produced in the transition 
period up to 2050. 

In an interview for this study, Chris Stark, chief 
executive of the Committee on Climate Change said 
the scale of hydrogen production would increase 
tenfold from 27TWh currently to 270TWh by 2050,
 a value that would be the size of the UK’s electricity 
sector today. 

However, in his view most of the production would 
come from hydrogen with SMR and CCS and only a 
smaller portion from electrolysed hydrogen since a 
major barrier to producing the latter would be the 
cost of renewable generation. 

Laura Sandys, a former conservative MP, also inter-
viewed for this study, pointed out that the debate 
had been focusing on the role of hydrogen with SMR, 
with the CCC May 2019 report stressing that two-
thirds of current natural gas needs remaining in place 
by 2050. 

Even so, she said there was much less conversation 
about the role of constrained offshore wind capacity 
or the use of the UK’s ageing nuclear fleet that may 
not be reliable for grid connection but could be used 
for electrolysed hydrogen.

Boasting 13.6GW of onshore and 9.7GW of offshore 
wind capacity,52 as well 13GW of solar capacity53 it is 
expected that the discussion should focus on the use 
of renewable sources of energy to scale up electro-
lysed hydrogen production. 

3.2 Types of generation

52  Wind Energy Statistics. Renewable UK. Available online from:  
https://www.renewableuk.com/page/UKWEDhome/Wind-Energy-Statistics.htm (Last accessed 12 August 2020)

53  UK Solar Capacity: Is the Future of Solar Cloudy? Insights & Projections of UK Solar Power Growth. Green Match. July 2020. Available online from:  
https://www.greenmatch.co.uk/blog/2019/09/uk-solar-capacity (Last accessed 12 August 2020) 

Fig. 11: UK 2050 Energy Flows. Future Energy Scenarios

Source: National Grid ESO, https://www.nationalgrideso.com/document/173821/download
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The latest Future Energy Scenario report published at 
the end of July 2020 reiterates the fact that nuclear 
capacity, albeit reduced, would still feature in all of its 
four 30-year scenarios, as a source of clean energy. 
However, it does not specifically mention that nuclear 
generation would be used to help produce electro-
lysed hydrogen.

While operators such as EDF would be keen to extend 
the lifespan of their generators and repurpose them 
for the production of hydrogen, they would still be 
looking to policymakers for clear signals encouraging 
such projects. 

Even if the UK were to retain some of its nuclear fleet 
with a view to help generate hydrogen it would still 
have to consider how to dispose of nuclear material 
once it reaches its lifespan and what would be the 
costs involved.

The UK also has 15 nuclear reactors generating about 
21% of its electricity, but almost half of this fleet is to 
be retired in 2025.54

In response to an inquiry held by the All Parliamen-
tary Group on Hydrogen in the UK parliament, engi-
neering company Rolls-Royce said that compact small 
modular power stations could produce electricity to 
help generate hydrogen at scale. They estimated that 
small modular nuclear stations and hydrogen fuel 
production facility would cost under £2bn.55

Some operators such as France-headquartered EDF 
are currently exploring the long-term role hydrogen 
could play as part of a low carbon energy hub linked 
to their Sizewell C new nuclear development in Suf-
folk, southeast England and the possibility of estab-
lishing a demonstration project at the Sizewell B site 
ahead of the Sizewell C completion.56

54  Nuclear Power in the United Kingdom. Nuclear World. Updated July 2020. Available online from:  
https://www.world-nuclear.org/information-library/country-profiles/countries-t-z/united-kingdom.aspx (Last accessed: 12 August 2020).

55  How the UK’s hydrogen sector can help support the UK’s economic recovery. All Party Parliamentary Group on Hydrogen. July 2020. Available online 
from: https://connectpa.co.uk/wp-content/uploads/2020/07/Hydrogen-APPG-Report-2020.pdf (Last accessed 12 August 2020)

56  Ibid.
57 The price was calculated based on the ICIS day-ahead baseload assessment of 13 August 2020.

The future of hydrogen production in the UK will 
much depend on the costs involved to generate it, 
raising another major question, namely how to 
finance it. 

Chris Stark said that for electrolysed hydrogen to 
compete with hydrogen with SMR + CCS, the cost of 
generated electricity would have to drop to £10.00/
MWh from levels of £36.00/MWh on the spot 
market.57

Oliver Wood, business development manager at the 
Isle of Grain, the UK’s largest LNG import terminal 
and a potentially major site for hydrogen at scale also 
calculated that the cost to produce the hydrogen was 
higher than the cost of natural gas even with addi-

3.3  Questions about cost

tional costs incurred as a result of the Emissions 
Trading Scheme (ETS) were added. 

He said there were many options for business models 
on the table. One option was to introduce contracts 
for difference (CFD) as a financial instrument to sup-
port the production of hydrogen. This would ensure 
the buyer is not disadvantaged by switching to hydro-
gen and the difference in price is picked up through 
a subsidy. The ETS cost could be a lever to allow the 
subsidy to reduce over time. 

Even so, he conceded that the gap between the current 
costs of natural gas with ETS and the costs for hydro-
gen with SMR plus CCS or electrolysed hydrogen does 
not currently incentivise hydrogen uptake. 
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A third question relates to the role that hydrogen 
would play in the wider energy mix. 

Views have varied from describing hydrogen as a ’valu-
able complement’ 58 to electrification to a critical part 
of the overall decarbonisation process, where the 
technology would take up as much as 59% of the total 
energy mix, as suggested by the latest Future Energy 
Scenarios 2020, published by National Grid ESO in July 
2020. 

Danielle Stewart, long-term strategy manager at the 
UK’s National Grid said in an interview for this research 
that all sectors such as heat, industry, transport and 
electricity generation would require a share of hydro-
gen but stressed that it was difficult to say at this time 
which one of the four would be more reliant on the 
technology. 

Laura Sandys said a heat strategy which should be 
published shortly and discuss the role of hydrogen in 
decarbonising this sector would be critical to under-
standing its role in the wider mix. 

3.4 Role in energy mix 

58  Hydrogen in a low-carbon economy. Committee on Climate Change. November 2018. Available online from:  
https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy.pdf (Last accessed 12 August 2020)

59  Hy4Heat: Answers to some frequently asked questions. Hy4Heat. Available online from: https://www.hy4heat.info/general (Last accessed 12 August 
2020). 

This view was echoed by a policy officer in the Scottish 
Government who opted to stay anonymous. He said 
the UK government itself was waiting for the results 
of a pilot project – Hy4Heat – which had been com-
missioned by the Department for Business Energy & 
Industrial Strategy (BEIS) to explore whether replacing 
natural gas with hydrogen for domestic heating and 
cooking is feasible. The project was launched in 2017 
and will be completed in March 2021.59

He said the results of the project could be game- 
changing and would inform future thinking in the 
development of the hydrogen sector in the UK.

He added that in recent years many projects went for 
“low-hanging fruit” but as deadlines were approach-
ing, policymakers were assessing best practices to 
decarbonise more complex and difficult sectors such 
as heating. 

Even so, according to him this did not mean that targets 
should uniformly apply across the country, but that 
policymakers should be sensitive to geography, taking 
in consideration the peculiarities of each region.
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A fourth question would relate to the choices that 
need to be made in order to ensure the distribution 
and transmission grids can accommodate the trans-
mission of hydrogen. 

As transmission and distributions systems would need 
to make the switchover from natural gas to hydrogen, 
Danielle Stewart said there were several issues to 
consider. On the one hand, the transmission infra-
structure was complex, with the grid being meshed 
and difficult to simply repurpose for hydrogen use. 
This means that National Grid specialists are consid-
ering which assets will need to be replaced, which 
assets can be repurposed and where there will need 
to be new and additional assets.

3.5  Moving on to hydrogen 

She also pointed out that the UK will be carrying out 
tests to blend hydrogen with natural gas at various 
percentages over the coming years. National Grid is 
analysing the possibility of de-blending particularly 
if various customers would still rely on natural gas in 
the long-term. 

Critically, not much can happen until gas safety 
regulations, particularly with regards to gas quality 
specifications are amended to allow the start of 
blending. Under current arrangements, only 0.1% 
can be blended into the system.

Countries such as Italy have already demonstrated 
the possibility of blending hydrogen up to 10% in 
natural gas transmission grids.60

60  Europe‘s Leaked Hydrogen Strategy is Very Ambitious. July 2020. energypeople.com Available online from  
https://energypeople.com/news/story/europe-s-leaked-hydrogen-strategy-is-very-ambitious (Last accessed 25 October 2020) 
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Apart from questions related to the role and share 
that hydrogen would be assigned in an overarching 
strategy, there are also questions regarding who 
exactly will be driving this strategy and how different 
stakeholders would coordinate. 

The UK government as the national government 
would be responsible to produce a domestic strategy, 
which would provide further guidance to decentral-
ised governments in Scotland and Wales. 

However, Sandys says that so far Scotland has been 
further ahead than England in setting more ambitious 
targets, offering greater clarity on timescale. In 
Sandys’ words, Scotland, which has set a 2045 net 
zero emissions target, is “somewhat pushing the 
agenda [on hydrogen] and England is catching up.”
 

There may be several reasons why Scotland may be 
more advanced than the rest of the UK in terms of 
advancing the hydrogen agenda. 

Firstly, Scotland currently boasts around 1GW of off-
shore wind capacity and has plans to add between 561 
– 10GW of offshore wind capacity62 by 2030 enhancing 
its potential for electrolysed hydrogen production. 
This would come in addition to existing 8.4GW of 
onshore wind capacity.63

Secondly, as Nigel Holmes of the SHFCA explained, 
Scotland benefited from a number of advantages 
related to the local administration as well as to indi-
viduals and organisations, which provided a clear 
direction and allowed the country to become the first 
in Britain to produce a hydrogen policy statement, 
ahead of the wider UK government. 

3.6  Driving and coordinating strategy

61  The latest policy statement suggests Scotland could add 5GW of offshore wind capacity but earlier reports suggested even more ambitious figures 
of up to 10GW

62  Durakovic, A. (2019) Scotland Targets up to 10GW of Offshore Wind Capacity. OffshoreWIND.biz. Available online from:  
https://www.offshorewind.biz/2019/12/24/scotland-targets-up-to-10gw-of-new-offshore-wind-capacity/#:~:text=Scotland%20currently%20has%20
six%20operational,capacity%20of%20just%20over%205GW.

63  Scottishg government hydrogen policy statement. December 2020. Available online from:  
https://www.gov.scot/binaries/content/documents/govscot/publications/speech-statement/2020/12/scottish-government-hydrogen-policy-state-
ment/documents/scottish-government-hydrogen-policy-statement/scottish-government-hydrogen-policy-statement/govscot%3Adocument/scot-
tish-government-hydrogen-policy-statement.pdf (Last accessed 27 December 2020)

64  Scottish homes to be first in the world to use 100% green hydrogen. Available online from  
https://www.theguardian.com/environment/2020/nov/30/scottish-green-hydrogen-fife (Last accessed 27 December 2020)

For instance, some 300 homes in Fife, southern  
Scotland will become the first in the world to be fitted 
with free boilers that would allow them to use elec-
trolysed hydrogen to heat homes and cook meals.64 

Holmes also noted that some of the landmark projects 
spearheaded in Scotland were largely driven by local 
authorities such as Aberdeen City Council, Orkney 
Council, Western Isles Council, all of which saw the 
development of hydrogen projects as a means to 
stimulate growth. 

One such example is Aberdeen Vision, a project focus-
ing on state-of-the-art hydrogen and bus refuelling 
station, complete with 10 hydrogen fuel cell buses, 
the largest such fleet in Europe. 

In this particular case, Holmes said, Aberdeen City 
Council recognised oil and gas would run out and 
knew they would need to move in a different 
direction.

According to Holmes, unlike in England where regional 
development agencies were abolished in 2012, in 
Scotland, development agencies such as Scottish 
Enterprise or Highlands and Islands Enterprise were 
instrumental in working together with local authori-
ties, the Scottish government and the private sector 
to champion the development of hydrogen projects 
as a means to stimulate economic growth.

An example would be the Surf ‘n‘ Turf project in the 
Orkneys, which was led by national charity Community 
Energy Scotland, Orkney Island Council, as well as 
companies ITM Power and Eday Renewable Energy. 
It attracted £1.46m in development funding from the 

https://www.offshorewind.biz/2019/12/24/scotland-targets-up-to-10gw-of-new-offshore-wind-capacity/#:~:text=Scotland%20currently%20has%20six%20operational,capacity%20of%20just%20over%205GW
https://www.offshorewind.biz/2019/12/24/scotland-targets-up-to-10gw-of-new-offshore-wind-capacity/#:~:text=Scotland%20currently%20has%20six%20operational,capacity%20of%20just%20over%205GW
file:///Users/ines/Downloads/scottish-government-hydrogen-policy-statement-2.pdf
file:///Users/ines/Downloads/scottish-government-hydrogen-policy-statement-2.pdf
file:///Users/ines/Downloads/scottish-government-hydrogen-policy-statement-2.pdf
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65  Surf’n’Turf. Community Energy Scotland. Available online from:  
https://www.communityenergyscotland.org.uk/projects-innovations/surf-n-turf/ (Last accessed 12 August 2020) 

Scottish Government’s Local Energy Challenge Fund as 
well as from the European Union’s Horizon 2020 
programme.65

Holmes said Scotland also benefited from experienced 
individuals such as Chris Stark, currently CEO of the 
UK’s Committee on Climate Change, an independent 
public body, who during his previous positions held in 
the Scottish government, helped to set the founda-
tions for a clear vision for Scotland’s energy transition 
much earlier than in the rest of the UK.

This means that the Scottish government was already 
discussing net zero targets by 2045 even before the 
CCC published a critical report in May 2019 where it 
set such targets for the whole of the UK by 2050. 

The policy officer from the Scottish government inter-
viewed for this study noted that as momentum was 
gathering towards publishing a hydrogen policy action 
plan there was a strong need for a leadership group to 
coordinate all policies. 

An informal leadership group, which had been coordi-
nating the activity of various public and private stake-
holders in Scotland was disbanded at the end of 2019. 
A new group may be set up on a more formal basis 
along the lines of NECCUS, an alliance of industry, gov-
ernment and experts seeking to reduce carbon emis-
sions from industrial sources in Scotland and beyond.

His remarks were echoed by the All-Party Parliamen-
tary Group (APPG) on Hydrogen in the UK Parliament 
which issued a report based on an inquiry into support 
for the hydrogen economy at local and regional level. 

It found that respondents were eager for the 
government to offer stronger commitments to 
develop innovative research to a stage where it could 
be monetised. Panellists stressed the need for the 
creation of a national centre for hydrogen which 
would act as a centre for research and progressing 
commercialisation. Such a centre would involve 
businesses, higher education institutions and local 
government. 

Importantly, respondents also noted that the creation 
of a government hydrogen strategy could risk slowing 
the progress of rolling out hydrogen technology, but 
the inquiry also found that a national strategy would 
have a role to play as long as it supported local and 
regional authorities’ own strategies. 

It was also recommended that the government 
establish a hydrogen minister portfolio to work across 
government departments to coordinate the UK’s 
hydrogen strategy.
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Although the UK is yet to formulate a fixed hydrogen 
strategy, numerous scenarios have been proposed by 
public and private stakeholders in support of future 
policy decisions.

These scenarios examine various issues ranging from 
the potential for scaled-up hydrogen production, the 
deployment of zero-carbon renewable capacity, the 
level of hydrogen penetration in the heating, trans-
port and electricity generation sectors by 2050 and 
costs. 

In its sixth carbon budget published at the end of 
December 2020, the UK’s Committee on Climate 
Change outlines four scenarios for reaching decarbon-
isation targets by 2050. These are based largely on 
predicted engagement levels from the wider public 
and include: headwinds, widespread engagement, 
widespread innovation, tailwinds.66

Headwinds predicts the highest level of hydrogen sup-
ply by 2050, estimating that as much as 375TWh/year 
would be delivered to the market largely on account 
of high demand from the heating sector. This scenario 
also notes that as much as 63% of the total supply 
would come from steam methane reformed natural 
gas. 

Tailwinds forecasts supplies of 250TWh/year but 59% 
of the volumes would come from electrolysed hydro-
gen by 2050 with the share of SMR falling from 66% in 
2035 to 2% by 2050. 

All four scenarios predict hydrogen imports, which 
would be used along with local production to respond 
to demand.67

66  The Sixth Carbon Budget: The UK‘s path to Net Zero. December 2020. Available online from:  
https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf (Last accessed 27 December 2020)

67  Ibid.
68   Future Energy Scenarios 2020. National Grid ESO. July 2020. Available online from https://www.nationalgrideso.com/document/173821/download  

(Last accessed 12 August 2020)

Future Energy Scenarios published annually by 
National Grid ESO and most recently updated in July 
2020 is of critical importance to the industry because 
it explores the assumptions and conclusions from 
extensive modelling, research and cross-sectoral 
stakeholder engagement.

The key conclusions of the latest report are that 
reaching net zero carbon emissions by 2050 is achiev-
able providing immediate action was taken across all 
key technologies and policy areas and there was full 
engagement across society and consumers. 

It then states that hydrogen and carbon capture and 
storage (CCS) must be deployed for net zero and that 
industrial scale demonstration projects would need to 
be operational this decade. 

From an economic point of view, FES 2020 stresses 
that markets must evolve to provide incentives for 
investment in flexibility and net zero carbon 
generation.

Finally, it points out that open data and digitalisation 
would be underpinning the whole system thinking 
required to achieve net zero.68

Specifically to hydrogen, the report finds that the fuel 
could provide anything between 21 – 59% of end-user 
energy needs by 2050, pointing out that hydrogen 
with SMR and CCUS would have to develop in indus-
trial clusters by 2030 and potentially expand beyond 
them after that date. 

Each of the four scenarios – Steady Progression, Con-
sumer Transformation, System Transformation and 
Leading the Way – foresees a role for hydrogen. 
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However, this role is at its lowest in the Steady 
Progression scenario and the highest in System 
Transformation where over 65% of homes could be 
using hydrogen for heating.

In the most ambitious scenario – Leading the Way – 
which provides the fastest credible decarbonisation – 
73 GW of electrolysis capacity would be ramped up 
or down according to renewable capacity. In this 
scenario, the UK would be reaching net zero emissions 
by 2048.

Fig. 12: Future Energy Scenarios 2020. Source: National Grid ESO 

Source: https://www.nationalgrideso.com/document/173821/download
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While 50MT of hydrogen is produced globally every 
year, the UK’s share amounts to 0.7MT or 1.4% of the 
total. 

With stringent decarbonisation targets and increased 
commitments from policymakers, that share is set to 
soar in key sectors over the next three decades. 

In System Transformation, the most hydrogen-focused 
scenario in FES 2020, production would rise to 
591TWh, requiring 736TWh of input energy. 

When broken down by sector, demand would rise 
from virtually zero to 222TWh in residential heating, 
195TWh industrial heating and 124TWh in HGVs and 
shipping. 

Currently 97% of hydrogen is produced from fossil 
fuel with SMR. That trend may continue, with pro-
duction likely to develop in industrial clusters from 
the late 2020s and ramping up in the early 2030s. 

In this context, FES 2020 finds that demand for 
natural gas which covered 80 billion cubic metres of 

4.1 Scaled-up hydrogen production

900TWh of the UK’s 2019 energy needs would 
decline steadily due to an increase in electrification 
and hydrogen demand mostly from electrolysis. 

While domestic production, which covered just over 
40% of total consumption in 2019, will be declining, 
the report anticipates that LNG and continental gas 
imports would continue by 2040 and will be subse-
quently replaced by hydrogen imports which would 
make up to 20% of the country’s total supply by 2050. 

Even if hydrogen with SMR were to retain an impor-
tant share in the energy mix, the report notes that 
investment in CCUS would be needed in order to 
capture CO₂ leakages. 

Importantly, the report notes that the deployment 
of hydrogen with SMR and CCUS would limit invest-
ments in electrolysis which may be more expensive 
because of higher electricity generation costs. 

The figures published by FES 2020 are not too remote 
from the findings of a report – Hydrogen for a net 
zero GB – published by UK-based consultants Aurora 

Fig. 13:  Estimated uptake of hydrogen produced through various methods in high renewable energy 
sources (RES) and low RES scenarios in TWhH2.

Source: Hydrogen for a Net Zero GB: an integrated energy market perspective. Aurora Energy Research
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Energy Research just a few weeks earlier, in June 
2020, and which estimate that hydrogen could make 
up anything between 25-50% of the total energy mix 
by 2050. 

This would amount to as much as 500TWh of hydro-
gen demand expected by that date in a scenario 
where the fuel would play an important role.

In the Aurora Energy Research scenarios69, maximum 
hydrogen with SMR and CCS production levels could 
range between 292-378TWh by 2050 while maximum 
electrolysed hydrogen production levels could be 
anywhere between 100- 182TWh.

69  Hydrogen for a Net Zero GB: An integrated energy market perspective. Aurora Energy Research. June 2020. Available online from:  
https://www.auroraer.com/insight/hydrogen-for-a-net-zero-gb/ (Last accessed 12 August 2020)

FES 2020 found that while in the commercial sector, 
decarbonisation would much depend on energy effi-
ciency as well as switching to green gases, including 
hydrogen, the industrial sector would be much more 
difficult to reach net zero emissions, noting that it 
would need to switch to hydrogen, providing they are 
in close proximity to hydrogen production facilities 
and networks. 

In case of industries where the use of hydrogen 
would be unsuitable, such as ceramics or cement, 
these would be advised to switch to electrification. 

4.2 Commercial and industrial sectors 
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Residential heating would also be a complex area to 
decarbonise not least because of Britain’s ageing 
housing stock and a low rate of replacement, which 
make it difficult for properties to adopt stringent 
energy efficiency measures or adopt new technolo-
gies such a heat pumps.  This means that a large part 
of residential buildings would rely on hydrogen for 
heating while newer homes would be fitted with heat 
pumps or hybrid heat pumps – hydrogen systems.

4.3 Residential heating

In this context, the most hydrogen-intensive scenario 
– System Transformations – foresees an annual 
hydrogen demand of 230TWh by 2050, from virtually 
0TWH in 2020. 

Fig. 14: Annual resident demand for heat and appliances in 2050 (in TWh). 

Source: Future Energy Scenarios 2020, National Grid ESO, https://www.nationalgrideso.com/document/173821/download
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In Consumer Transformations and Leading the Way 
scenarios, which assume the most ambitious home 
insulation scenarios and increase in electrification, 
electricity demand would rise close to 80TWh by 
2050 from current levels hovering within the 
25-30TWh range. 

Critically for this sector, it is expected that natural gas 
boilers would be phased out by 2035, with hydrogen 
boilers, heat pumps or district heat connections 
increasing by 2050. 

Fig. 15: Expected overall home heating technology mix in 2050 in Millions. 

Source: Future Energy Scenarios 2020, National Grid ESO, https://www.nationalgrideso.com/document/173821/download

Much will also depend on the level of societal changes 
that would take place in the transition period, with 
low-societal change scenarios foreseeing that average 
suburban houses would have some insulation in lofts, 
smart meters, one electric vehicle (EV) charge point with 
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with radiators. 
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All four FES 2020 scenarios predict that there will be 
no new cars sold with an internal combustion engine 
after 2040, leading to expectations that at least 60% 
of all road transport would be electrified.

Most small vehicles are likely to be electric, while 
HGVs and shipping would switch to hydrogen or 
bioresources, with shipping using a combination of 
hydrogen and biofuels. Aviation would be reliant on a 
combination of biofuels and negative emissions. 

Most reports analysing transition pathways to net 
zero 2050 highlight the importance of renewable 
forms of generation including, onshore and offshore 
wind, solar, bioenergy, nuclear. 

FES 2020 predicts an increase in offshore wind capac-
ity to anything between 30-40GW in all four scenar-
ios, up from around 10GW currently. 

The variations in solar capacity are much steeper, 
with the Steady Progression scenario predicting some 
20GW of capacity and the Consumer Transformation 
scenario anticipating a rise close to 80GW from cur-
rently levels of 10GW. 

Meanwhile, fossil fuel generation is forecast to fall, 
providing only back-up baseload generation.

All coal plants are assumed to close by 2025 while 
gas-fired generation may continue to provide short-
term flexibility particularly when gas-fired capacity 
operates in combination with CCUS in the 2030s 
before it is expected in three of the four FES 2020 
scenarios to be phased out by 2050. In the Steady 
Progression scenario, however, gas-fired generation 
may continue to provide baseload support, with as 
much as 40GW likely to remain in operation. 

4.4 Transport

4.5 Electricity generation

Critically, FES 2020 expects that by 2050, annual 
energy demand would be falling from close to 
400TWh in 2020 to 119-154TWh by 2050, depending 
on each of the four scenarios. 

In System Transformations, hydrogen would be 
playing the highest role particularly for HGVs, 
shipping and rail. 

Meanwhile, most existing nuclear reactors are 
expected to be phased out in the 2020s and only one 
project – Hinkley Point C – is expected to come online 
by 2030 in all four scenarios. 

Specifically to hydrogen, FES 2020 anticipates in the 
System Transformation scenario up to 20GW of 
installed hydrogen capacity to come online. 

The Aurora Energy Research report estimates that in 
a scenario where renewable capacity would domi-
nate the mix, wind and solar capacity would reach a 
combined minimum of 170GW. 

In a high baseload scenario gas-fueled power genera-
tion with CCS would be 20GW while nuclear capacity 
would be 23GW.



46   The development of the UK’s hydrogen sector

As noted by the Aurora Energy Research study, a key 
element that would dictate the role that hydrogen 
would play in the wider energy mix by 2050 is cost. 

Hydrogen in a low-carbon economy published by the 
CCC in November 2018 acknowledges that the cost of 
meeting 2050 targets would be 1-2% of GDP with 
low-carbon heating being one of the most expensive 
sectors, the cost of near full decarbonisation being as 
much as 0.7% of GDP by 2050. 

The same report noted that emissions from heat in 
buildings could be reduced from around 83Mt/year 
at 2018 levels to 5Mt/year at a cost of £28bn/year. 

Costs related to producing hydrogen and removing 
carbon from natural gas would amount to £4bn/year. 
In addition, installing hydrogen boilers and convert-
ing consumer premises to accommodate hydrogen 
could increase costs by a further £7bn/year,72 while 
installing heat pumps and upgrading electricity net-
works would be around £17bn/year.71

The CCC 2018 report notes there is uncertainty 
regarding the cost of repurposing the transmission 
and distribution network to hydrogen. 

More recently, the Aurora Energy Research report 
expects cumulative investments in the hydrogen sup-
ply side to exceed £50bn. 

4.6 Costs

Firstly, CCS investment could reach £1bn annually by 
the late 2030s and soaring to £5bn by 2050 while 
deploying hydrogen storage could require additional 
costly yearly investments. 

As highlighted by the CCC 2018 report, the Aurora 
Energy Research study also notes that the cost to 
repurpose gas grid pipelines for hydrogen transmis-
sion are uncertain, but potentially cheaper than 
installing new assets. The buildout of new dedicated 
transmission pipelines could require £200m in yearly 
investments throughout the 2030s. 

Overall, the Aurora Energy Research study found that 
falling technology costs and gas prices would drive a 
steady reduction in the market of hydrogen prices, 
which are expected to go below £50/MWh by 2050. 

Electrolysed hydrogen costs may fall from current 
levels of £67.00/MWh to £41.00/MWh while in the 
case of hydrogen with SMR and CCS costs would drop 
from current levels of £54.00/MWh to £47.00/MWh 
by 2050, according to the same study. 

70  Ibid.
71  Hydrogen in a low-carbon economy. Committee on Climate Change. November 2018. Available online from:  

https://www.theccc.org.uk/wp-content/uploads/2018/11/Hydrogen-in-a-low-carbon-economy.pdf (Last accessed 12 August 2020)
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Although the UK is yet to publish and implement a 
national hydrogen strategy, momentum is gathering 
across all areas of the value chain.

Danielle Stewart of National Grid said a national strat-
egy may be forthcoming in the next six to 12 months, 
while Laura Sandys estimated that a heat strategy 
would be published shortly, ahead of a more compre-
hensive policy action plan. 

Most reports examined for this research estimate 
that the 2020s would generally see roll-out of pilot 
and demonstration projects around industrial clus-
ters as well as the transmission and distribution grids. 

For example, the Hy4Heat project currently run by 
BEIS would seek to understand the transition of the 
transmission grid to hydrogen and the switch from 
gas-fired boilers to hydrogen boilers within the first 
half of this decade. 

National Grid is also running Future Energy, a suite of 
projects whose aim is to test the readiness and feasi-
bility of injecting hydrogen into the transmission sys-

4.7 Timeline

tem. The project runs until 2024 and unfolds over 
three phases. The first phase is the build and set up 
of a testing environment, which will allow the grid 
operator to proceed the second phase where it will 
examine the impact of a range of blends up to 100% 
of hydrogen on various assets.

The third phase will be looking at the quantitative risk 
assessment and seek to understand what might need 
to change as a consequence of the second phase. 
The following decade is expected to usher in demand 
growth primarily in the heating and industrial sector, 
but also, more moderately, in the transport sector. 
This period may see the expansion of hydrogen pro-
duction beyond industrial clusters.

In the 2040s, according to the Aurora Energy 
Research study, the hydrogen sector may become 
more established thanks to cost reduction in electro-
lyser technologies which would enable the faster 
penetration of hydrogen.

Finally, by 2050 and beyond, hydrogen is expected to 
become mainstream and be widely traded. 

Fig. 16.  Upcoming events/publications framing the UK government agenda scheduled 
for Winter 2020 – Spring 2021. 

Source: BEIS
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Since the heating sector may become reliant on 
hydrogen, the Energy Networks Association, an asso-
ciation representing the pipes and wires in the gas 
and electricity sector in the UK have produced a 
short to mid-term overview of the heat decarbonisa-
tion pathways, expecting to see key measures being 
adopted throughout this decade. 

For example, ENA expects investments in building a 
low-cost, low-carbon network to start as early as 
2021, with the government urged to mandate from 
2022 hydrogen ready boilers and appliances to 7.5-10 
million homes by 2030.  

Also, from next year, there are expectations that the 
roll-out of heat pumps would increase energy effi-
ciency measures at scale. 

ENA expects that the first 100% green hydrogen 
would be delivered to UK consumers and production 
would be ramped up so that by 2032, hydrogen would 
be produced at scaled-up levels. 

According to Sandys, a few critical milestones will 
also be reached this decade when two to three CCUS 
pilot projects would be brought online. The first CCS 
project is expected to be completed by 2025. 

Costs to develop the hydrogen sector would largely 
focus on the cost to produce the technology and 
costs to establish a carbon-free transmission system. 

However, until the technology is produced at scale, it 
needs to benefit from research and innovation 
funding. 

In mid-November 2020, the UK government 
announced a 10-point plan for a green industrial revo-
lution, stressing that up to £500m would be allocated 
for trialling homes using hydrogen for heating and 
cooking. The money would help to establish a hydro-
gen neighbourhood in 2023, moving on to a hydrogen 
village two years later and aiming to establish a 
hydrogen town, equivalent to tens of thousands of 
homes before the end of the decade. Of the total 
money, £240m would go into new hydrogen produc-
tion facilities.72

The government also announced that an extra £200m 
of new funding would be earmarked to create two 
carbon capture clusters by the mid-2020s, with another 
two set to be created by 2030. 

4.8 Financing

Oliver Wood of National Grid Ventures said there 
were two large funds – Industrial Energy Transforma-
tion (IETF) and Industrial Strategy Challenge Fund 
(ISCF) - that potential developers have been able to 
access. A low-carbon hydrogen fund is also expected 
to become available from 2021.

The UK government announced £315 million of fund-
ing in the 2018 Budget, available up until 2024 for the 
Industrial Energy Transformation Fund. BEIS will man-
age the IETF for England, Wales and Northern Ireland, 
with £289 million to invest over 2 phases:

  Phase 1 opened on 20 July 2020, with up to £30 
million of funding and is managed by Innovate UK, 
the country’s innovation agency

		Phase 2 will launch in 2021, offering the remainder 
of the fund

72  PM outlines his Ten Point Plan for a Green Industrial Revolution. November 2020. Available online from:  
https://www.gov.uk/government/news/pm-outlines-his-ten-point-plan-for-a-green-industrial-revolution-for-250000-jobs  
(Last accessed 27 December 2020)
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Fig. 17: Funding landscape

Production Storage Distribution End Use

Source: BEIS (HMG refers to Her Majesty’s Government)

According to BEIS, Scotland is not part of the IETF but 
will publish its plans for a separate programme using 
its share of £26 million of the allocated funding.

Another major fund, the Industrial Strategy Challenge 
Fund (ISCF) is a core pillar in the government’s com-
mitment to increase funding in research and develop-
ment by £4.7 billion over 4 years to strengthen UK 
science and business. 

In April 2020, the UK Research and Innovation (UKRI), 
a quasi-autonomous non-governmental organisation 
that directs research and innovation funding paid for 
by the science budget of BEIS, announced two fund-
ing projects under the ISCF for the first phases of the 
deployment and roadmap programme for 
decarbonisation.73

The projects aim to help deploy CCS and hydrogen 
networks to create the world’s first net zero indus-
trial clusters by 2040.  It was awarded to six projects.

The first phase of the two competitions included the 
deployment and roadmap stage where UK businesses 
applied for a share of £1m to develop decarbonisation 
plans. In the second phase they have a chance to win 
£131m for further developments. 

The six winners of the deployment competition 
included:

  Scotland’s Net Zero infrastructure – a project 
which enables CCS by linking the gathering of CO₂ 
from industrial emitters around Grangemouth, 
with a pipeline to transport CO₂ to St Fergus in 
Aberdeenshire, with the Acorn CCS Project.

  Net Zero Teeside project aims to decarbonise a 
cluster of carbon-intensive businesses by as early 
as 2030. Each year, the project plans to capture 
up to 6 million tonnes of CO2 emissions equivalent 
to the annual energy use of up to 2 million UK 
homes.

73  UKRI allocates funding for industrial decarbonisation deployment and roadmap projects. UK Research & Innovation. April 2020. Available online from:  
https://www.tec.ac.uk/ukri-has-allocated-funding-for-decarbonisation-deployment-roadmap-projects/ (Last accessed 12 August 2020)
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  Humber Industrial Decarbonisation Deployment 
Project (Humber-DP) – Humber-DP will identify 
and develop potential anchor projects to maxim-
ise emission reductions in the most appropriate, 
timeliest, cost effective and efficient manner and 
develop world leading industrial CO2 transport 
and storage system.

  HyNet Carbon Capture Utilisation and Storage 
(CCUS) – HyNet was conceived in 2016 as a hydro-
gen / CCUS project to provide a decarbonisation 
pathway in the North West. The HyNet CCUS net-
work will provide the infrastructure to transport 
and store the carbon dioxide produced as a 
by-product of the hydrogen production process.

  South Wales Industrial Cluster (SWIC) – SWIC will 
identify process options to reduce carbon emis-
sions, options for Carbon Capture Usage and Stor-
age (CCUS) and for an infrastructure backbone to 
enable large scale CO2 emissions reduction across 
Wales and beyond.

  Green Hydrogen for Humber – “Green Hydrogen 
for Humberside” will lead to the production of 
renewable hydrogen, at the Gigawatt (GW) scale, 
from polymer electrolyte membrane (PEM) elec-
trolysis. This will be distributed to a mix of indus-
trial energy users in Immingham, Humberside. 
Humberside, the UK’s largest cluster by industrial 
emissions (12.4MtCO2 per year), contributes 
£18bn to the national economy each year and has 
access to a large renewable resource from off-
shore wind in the North Sea.

Some funding has already been provided for research 
purposes. For example, in February 2020, the Depart-
ment for Business, Energy & Industrial Strategy (BEIS) 
rolled out a £90m package to research means to cut 
emissions from homes and heavy industry. 

A total of £28m were allocated for five projects 
deemed to be Europe’s first ‘low-carbon’ hydrogen 
production plants.74

These include: 

  The Hynet scheme which involves the construc-
tion of a hydrogen production plant north of 
Chester in north-west England and is backed by 
Cadent, Essar and SNC Lavalin. 

  The Acorn project, north of Aberdeen, which 
aims to produce hydrogen from natural gas 
extracted from the North Sea. 

  The Dolphyn pilot project – a green hydrogen 
production facility, which ultimately aims to bring 
heating to 1.5 million homes without carbon 
emissions. 

  Gigastack targets the delivery of bulk, low-cost 
and zero-carbon hydrogen through ITM Power’s 
gigawatt scale polymer electrolyte membrane 
(PEM) electrolysers, manufactured in the UK.

  The HyPER project (Bulk Hydrogen Production by 
Sorbent Enhanced Steam Reforming) will construct 
a state-of-the-art 1.5 MWth pilot plant at Cranfield 
University to test an innovative hydrogen pro-
duction technology that substantially reduces 
greenhouse gas emissions.

Longer term, public stakeholders acknowledge that 
the production of hydrogen at scale could not com-
pete with natural gas on current prices levels and 
admit that incentives may have to be put in place in 
order to help facilitate the production of hydrogen 
for commercial purposes.

Sandys said contracts for difference were being pro-
posed for hydrogen as the technology was not new. 
Such financial instruments would ensure that if the 
closing price is higher than the opening price, the 
seller would pay the difference, which would, in fact 
be the buyer’s profit. 

Nigel Holmes of the SHFCA stressed that funding 
could not come entirely from the public purse but 
added that in order for the private sector to invest 
money in the sector, there would need to be long-
term credible policies. 

74  £90m UK drive to reduce carbon emissions. Press release. Department for Business, Energy & Industrial Strategy. February 2020. Available online from: 
https://www.gov.uk/government/news/90-million-uk-drive-to-reduce-carbon-emissions (Last accessed 12 August 2020)
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Another important area that would require substantial 
funding to make the transition to hydrogen are the 
transmission and distribution grids. 

Matthew Hindle, head of gas at the Energy Networks 
Association said 2020 was a critical year as the 
regulator Ofgem was due to approve the new price 
control for the period 2021 – 2026. 

Under plans, laid out in ENA’s Gas Goes Green pro-
gramme, the industry’s blueprint for cutting out 
emissions, which are due to be approved by the end 
of the year, the industry proposes £900m of invest-
ment between 2021-2026 to lay the foundations of 
the world’s first zero carbon gas grid. 

The industry expects that investment would be 
needed across four areas: 

  The development of new hydrogen networks, 
including the world’s first 100% hydrogen domestic 
grid pilot;

  Hydrogen blends – which would blend an increas-
ing amount of hydrogen with natural gas currently 
used in gas networks to gradually replace it;

  Repurposing the network for hydrogen ensuring 
that both the existing network and appliances 
consuming natural gas would be ready to transi-
tion to hydrogen

  Cross-cutting projects where investment would 
help for decarbonising the gas system

Hindle said price control was critical because it 
effectively establishes how much transmission and 
distribution companies can invest over a set period of 
time.

He said ENA currently had some concerns regarding 
the current draft determination particularly with 
regards to how price controls would be structured, 
noting that much of the decision about funding for 
low-carbon activity including hydrogen has been put 
off by the regulator. 

ENA notes that the new investment plan would be 
split into three types: 

  Reopener investments that would be agreed in 
principle with the regulator at the beginning of 
the price control and then confirmed once certain 
agreed pre- conditions have been met in line with 
set timeframes

  Network Innovation Competition (NIC) funding 
allocated to an annual competition run by Ofgem 
where gas network companies would compete for 
higher levels of funding for the development and 
demonstration of new technologies

  Network Innovation Allowance (NIA) funding allo-
cated to smaller projects directly related to gas 
networks.

Reopeners would provide the bulk of funding – 
£721m – between 2021-2026, while NIC would 
provide £108m and NIC £75m.

Hindle said that reopeners would be based on periods 
of assessments which may be quite lengthy in time 
even though investment in decarbonisation was 
urgent. 

However, he pointed out that Ofgem may review its 
position and added that there was significant oppor-
tunity in considering the UK’s options to decarbonise 
particularly in the light of the latest recovery plans 
set out in the aftermath of the Coronavirus pandemic. 



52   The development of the UK’s hydrogen sector

The UK boasts a number of hydrogen projects that 
are either at the forefront of innovation or are among 
the world’s most ambitious in terms of scale and 
potential. 

Most of them have developed into clusters that could 
see the production of hydrogen at scale in the 
upcoming years, the commissioning of carbon capture 
and storage units, the repurposing of the existing 
grids or the construction of new infrastructure and 
the mass production of hydrogen-ready appliances. 
These projects are being carried out with a view to 
decarbonise large swathes of the economy including 
industrial and residential heating, electricity genera-
tion or transport and seek to build on the UK’s access 
to existing storage, transmission, distribution facili-
ties or its leading position in certain industrial areas 
such as the production of boilers. 

However, they will also be testing new technologies 
such as blending or deblending of hydrogen in the 
natural gas transmission and distribution systems. 

This section will review six of the most important 
projects that are being carried out across the country, 
looking at what has been achieved so far and the 
potential for expansion through to 2050. 

Although many projects are multi-functional in the 
sense that they would target hydrogen production, 
transmission and distribution, they also pursue cer-
tain objectives such as the decarbonisation of the 
residential sector such as the H21 North of England 

4.9 Landmark projects

project, H100 Fife, which focuses on the full decar-
bonisation of the grid, Hy4Heat, which examines the 
transition to hydrogen appliances in the residential 
sector, Project Cavendish which will target the decar-
bonisation of the power sector or Aberdeen Vision 
which focuses on the uptake of hydrogen in the 
transport sector. 

Most of these projects are being developed along the 
east coast of the UK, taking advantage of the existing 
infrastructure and potentially paving the way for this 
part of the country to become a hub of innovation for 
the hydrogen sector. 

It is important to note that even though these projects 
are developing into clusters scattered across the 
country, the results of various tests and studies that 
are being carried out at specific sites are used to 
inform other projects. In this context, results related 
to the conversion of residential heating from natural 
gas to hydrogen is of significance because the sector 
is one of the highest consumer of natural gas and any 
changes at this level would impact the way the UK 
would be drafting its long-term hydrogen strategy. 
Each of these projects will be discussed in more 
detail in the subsections below. 

Considering the importance of decarbonising the 
transmission and distribution grid, this section will 
also include a discussion on the activity undertaken 
by National Grid with regards to blending and 
deblending. 



The development of the UK’s hydrogen sector   53

Fig. 18. Major hydrogen projects across the UK. 

Source: Author’s notes

  Orkney Surf n‘ Turf involved in generating hydrogen in electrolyser 
on Eday and shipped to Kirkwall via Orkney Ferries.

  Aberdeen Vision (Acorn Hydrogen & CCS and St Fergus terminal) 
includes a cluster of projects, which seek to integrate the Acorn 
hydrogen production and CCS at Grangemouth, Scotland with the 
repurposing of the existing natural gas infrastructure at the St 
Fergus terminal.

  H100 Fife aims to build the world’s first hydrogen network on 
the east coast of Scotland. It seeks to heat around 300 homes by 
2022 using clean gas produced by an electrolysis plant power by a 
nearby offshore turbine operated by Offshore Renewable Energy 
Catapult, one of the UK’s leading technology centre for offshore 
wind.

  H21 North of England is made up of a cluster of projects, providing 
a comprehensive concept for the conversion of the gas networks 
and over 3.5 million homes and businesses across the North of 
England to hydrogen. It is a complex, large-scale project based 
on a regional rollout between 2028–2034 and benefits from the 
contribution of a multitude of partners.

  HyNTS seeks to demonstrate that the transmission network can 
be repurposed to carry hydrogen to accelerate the decarbonisa-
tion of electricity generation, industry and heat. The project runs 
between 2021- 2023 and aims to establish a hydrogen test facility 
in northern England where flows of different blends as well as 
100% hydrogen will be tested at transmission pressures.

  Project Cavendish is part of the National Grid’s comprehensive 
HyNTS programme and targets the production of hydrogen with 
SMR as well as, possibly, electrolysed hydrogen, the shipping and 
storing of carbon dioxide and the decarbonisation of gas-fired 
power.

  HyDeploy is a pioneering hydrogen energy project designed to 
help reduce UK CO2 emissions and reach the Government’s net 
zero target for 2050. the decarbonisation of gas-fired power.

  CymruH2Wales R&D aims to ensure that Wales can play an active 
role in establishing new hydrogen technology products, processes 
and services. It is hoped that this activity will allow Wales to gain 
an early advantage in the adoption of hydrogen as part of a low 
carbon energy future for transport, electricity and heat.
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H21 North of England 

One of the most important projects that is being 
rolled out for the heating sector is H21 North of 
England.

Its total cost is estimated at £2bn and it aims to 
address the challenge of converting large swathes of 
residential consumer heating in the north of England 
to hydrogen by 2050. 

It is made up of a cluster of projects, providing a 
comprehensive concept for the conversion of gas 
networks and over 3.5 million homes and businesses 
across the North of England to hydrogen.

H21 is a complex, large-scale project based on a 
regional rollout between 2028–2034 and benefits 
from the contribution of a multitude of partners 
including National Grid and distribution companies, 
Equinor, DNV GL, Cadent. The study sets out the 
engineering, economic, market and infrastructure 
changes required for a conversion, as well as the 
impact on consumers. Early-stage innovation projects 
are underway to provide evidence for the full 
concept. 

The project outlines plans for 3.7 million meter points 
(circa 85TWh of consumption per annum or the 
equivalent of 12.5% of net UK population) across the 
major urban conurbations of Leeds, Bradford, 
Wakefield, Huddersfield, Hull, Liverpool, Manchester, 
Teesside, Tyneside and York. 

According to specifications,75 the project incorporates:

  Hydrogen production capacity of 1,025 MW 
higher heating value (MWHHV) [305,000 standard 
cubic metres/hour (sm3/h)] provided by four 
Steam Methane Reformers located at Teesside, 
fitted with 90% carbon dioxide capture. The CO₂ is 
then compressed to 140 bar and assumed to be 
exported to permanent sequestration deep under 
the North Sea. According to the project’s specifi-
cations, such hydrogen production at large scale 
is fully proven, with worldwide production stand-
ing at about 50 million tonnes per annum com-
pared to 0.15 million tonnes per annum for the 
proposed area of conversion.

  Additional intraday storage and inter-seasonal 
storage. This will be in the form of salt cavern 
storage located at Teesside, some which may be 
repurposed from already existing caverns. 
Inter-seasonal storage to cover 40 days of maxi-
mum average daily demand during the cold sea-
son.  This will be in the form of salt cavern storage 
located on the East Humber coast. 

  A Hydrogen Transmission System (HTS) will con-
nect the SMRs and salt caverns to the proposed 
area of conversion (Leeds) and will be capable of 
transporting at least peak supply requirements. 

  Appliances conversion and equipment for domestic, 
commercial and industrial sectors can be devel-
oped. There are already a few models on the 
market, although sales are low, due to an absence 
of piped hydrogen. A firm long-term plan and 
stimulus would be needed to provide the motiva-
tion to develop and produce the wide range of 
equipment required. 

75  H21, Leeds City Gate. Available online from:  
https://www.northerngasnetworks.co.uk/wp-content/uploads/2017/04/H21-Executive-Summary-Interactive-PDF-July-2016-V2.pdf  
(Last accessed 12 August 2020) 

https://www.h21.green/projects/h21-north-of-england/
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Hy4Heat 

Hy4Heat is a BEIS-funded research initiative to estab-
lish if it is technically possible, safe and convenient to 
replace methane with hydrogen in residential and 
commercial buildings. 

A total of 10 parallel work streams are underway 
including those for the development of domestic 
appliances and meters. 

The project, which is developed by Arup, Kiwa Gastec, 
Progressive Energy, Embers and Yo Energy, BEIS 
includes several workstreams that analyse the 
replacement of methane with hydrogen as well as 
the launch and certification of appliances, for example 
boilers, cookers, meters that would be compatible 
with the technology.

BEIS appointed the Hy4Heat team in November 2017 
and the programme runs until March 2021.

Since 434TWh are consumed for heating and hot 
water in homes annually in the UK, with close to 85% 
of the UK population now using this gas network for 
heating and cooking, the project is critical to under-
standing how the public’s response to a switchover 
from natural gas to cleaner technologies would 
impact the development of the UK’s hydrogen policy. 

The policy officer in the Scottish government inter-
viewed for this research said the results of the Hy4Heat 
project, which are due out in 2021, would very much 
determine the hydrogen strategy that the UK gov-
ernment would adopt for the upcoming transition 
period. 

H100 Fife 

H100 Fife aims to build the world’s first hydrogen 
network on the east coast of Scotland. 

The project seeks to heat around 300 homes by 2022 
using clean gas produced by an electrolysis plant 
power by a nearby offshore turbine operated by 
Offshore Renewable Energy Catapult, one of the UK’s 
leading technology centre for offshore wind. 

According to its website, the project would be the 
first of its kind to feed a direct supply of clean power 
to produce hydrogen for domestic heating.

On 30th November 2020, gas distribution company 
SGN received the go-ahead to build the first hydrogen 
heating network at Methill in Scotland. 
There will also be an on-site storage unit to ensure 
supplies will not be disrupted even during cold weather. 

The project includes two separate workstreams:
Workstream A is examining the technical and commer-
cial feasibility of constructing a new, dedicated net-
work capable of providing 100% hydrogen to homes 
and businesses. This includes research to ensure full 
understanding of the impacts of distributing and using 
hydrogen compared to natural gas. This will enable the 
development of the safety case that will ensure the 
reliable and safe operation of the network. 

Workstream B is the Feasibility and Front-End 
Engineering Design (FEED) studies. These will identify 
and evidence the potential regulatory, technical and 
physical issues that need to be overcome in prepara-
tion for construction and operation of the network. 
This will cover issues associated with transportation, 
production, storage, and utilisation. The locations 
being assessed for the project are at Levenmouth in 
Fife and Machrihanish in Argyll. 

Earlier in May 2020, the project passed initial screen-
ing by the regulator Ofgem for its Network Innovation 
Competition (NIC), an annual competition where 
projects can compete for up to £20m funding for the 
development of new technologies.

H100 Fife applied for £18m and could receive another 
£5m from the Scottish government and £2m from gas 
distribution network operators.76

76  Stones, J. (2020) Hydrogen gas projects pass initial Ofgem screening. ICIS. May 2020. Available online from:  
https://www.icis.com/explore/resources/news/2020/05/19/10509186/hydrogen-gas-projects-pass-initial-ofgem-screening (Last accessed 12 August 2020)

https://www.hy4heat.info/
https://www.sgn.co.uk/H100Fife


56   The development of the UK’s hydrogen sector

Aberdeen Vision

Aberdeen Vision (Acorn Hydrogen & CCS and St Fergus 
terminal) includes a cluster of projects which seek to 
integrate the Acorn hydrogen production and CCS at 
Grangemouth, Scotland with the repurposing of the 
existing natural gas infrastructure at the St Fergus 
terminal. 

Through the Acorn project, North Sea natural gas 
would be reformed into clean hydrogen, with the 
CO₂ emissions being injected into the Acorn CCS 
infrastructure. 

The resulting hydrogen would be used in transport 
application and injected into the gas grid to decar-
bonise heating in homes and industries.

The second facet of the project relates to proving the 
commercial viability of injecting hydrogen into the 
gas grid. 

Hydrogen would be exported to Aberdeen as a 2% 
blend into the national transmission system and 
potentially in the future via a dedicated hydrogen 
pipeline. 

Hydrogen piped into Aberdeen will supply refuelling 
for their fleet of hydrogen buses, could be blended 
into the local natural gas network at 20%, as well as 
offer further opportunities for 100% hydrogen in the 
future. While the project begins at the St Fergus Gas 
Terminal and will completely encompass Aberdeen-
shire, it will also influence locations beyond Scotland 
via the national network systems.

The project aims to provide a case for constructing a 
new 100% hydrogen pipeline between St Fergus and 
Aberdeen that would initially supply the network 
with a hydrogen blend of up to 20%, increasing to 
100% following a complete network conversion to 
hydrogen. The new pipeline will support the distribu-
tion of hydrogen to Aberdeen, where the use of 
hydrogen is the most advanced in the UK. 

Project Cavendish

Project Cavendish is part of the National Grid’s com-
prehensive HyNTS programme which examines ways 
to transport hydrogen safely around the transmission 
network. 

Although the project on the Isle of Grain, in southeast 
England, explores ways to blend hydrogen into the 
grid and potentially build new hydrogen-ready infra-
structure, it is in fact much more complex, targeting 
the production of hydrogen with SMR as well as, pos-
sibly, electrolysed hydrogen, the shipping and storing 
of carbon dioxide, the decarbonisation of gas-fired 
power plants and the supply of hydrogen for trans-
port and industrial customers in London and the 
south-east. 

Total investment is estimated at £4.5bn, potentially 
becoming one of the most important hydrogen clus-
ters in the UK. 

The project is developed by a group of high-profile 
companies including National Grid, and its competitive 
division National Grid Ventures, distribution network 
SGN, power plant operators Drax, SSE, Uniper as well 
as Shell. 

Oliver Wood, business development manager at Isle 
of Grain said the site, currently the UK’s largest LNG 
import terminal was an obvious location for develop-
ing a key hydrogen cluster.

The project is important for several reasons. 

Firstly, existing access to natural gas sources support 
the establishment of advanced gas reformation 
hydrogen production which could be scaled up over 
a number of phases to be a significant part of the 
future UK’s hydrogen demand. 

https://sgn.co.uk/about-us/future-of-gas/hydrogen/aberdeen-vision
https://www.nationalgrid.com/uk/stories/journey-to-net-zero/high-hopes-hydrogen
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Secondly, since in the earlier stages there would not 
be sufficient carbon dioxide emissions to justify a 
dedicated carbon pipeline, the project developers 
expect these emissions to be loaded up onto ships 
and transported to a carbon storage site. Norway’s 
Northern Lights large-scale CCS facility, which is due 
to be commissioned by the middle of this decade, 
provides a viable solution to allow the project to pro-
gress until a UK carbon storage solution is in place. 
Wood said that the UK could become a CCS hub for 
western Europe once the country develops its own 
facilities. He said shipping carbon was a relatively via-
ble investment but pointed out that it may have been 
overlooked until now because investors had not seen 
any business case in shipping it until now. 

Thirdly, the site could also offer the possibility to 
establish a facility for the production of electrolysed 
hydrogen thanks to its strong electricity links and 
proximity to existing and planned renewable genera-
tion. The site also benefits from the BritNed intercon-
nector, a 1GW high-voltage submarine cable linking 
the United Kingdom to the Netherlands. As the two 
countries have both expressed an interest in ambi-
tious hydrogen plans, the interconnector could help 
to provide the necessary electricity to generate 
hydrogen. 

However, Wood conceded that much would be dictated 
by the cost and scale potential of green hydrogen and 
when the transition would be realised to make elec-
trolysed hydrogen competitive against blue 
hydrogen. 

Fourthly, the site benefits from large LNG storage 
capacity and could foresee a transition to storing 
hydrogen. Current storage capacity is for one million 
cubic metres of LNG, but Wood said the facility could, 
with some investment, accommodate both LNG and 
hydrogen imports. 

The aim of the early phases of the project is primarily 
to help the three large gas-fired power plants, the 
792MW Damhead Creek Power Station operated by 
Drax, the 735MW Medway Power Station operated 
by SSE and the 1.275GW Grain CCGT Power Station 
operated by Uniper to decarbonise. 

In parallel, the project will also focus on blending 
hydrogen into the existing infrastructure, firstly at 
lower levels, for example 2%, and then increased to 
20% and finally ramped up to 100%. 

Wood said a parallel line purely for hydrogen may be 
built to link the Isle of Grain to Greenwich, on the 
outskirts of London. 

He said the project is likely to be most beneficial to 
customers who could easily and quickly switch from 
natural gas to hydrogen, primarily big consumers 
such as the three power plants. 

As the first phase of the project started this year and 
is underway until 2023, the developers will be looking 
to undertake Front End Engineering Design (FEED) 
and supporting studies to de-risk the programme. 

However, Wood stressed that much would also 
depend on the policies that would be put in place by 
the government and the business model that would 
be chosen to help the project advance into the FEED 
stage and onwards into the actual development of 
the facility. 
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HyNTS

With HyNTS, National Grid Gas Transmission (NGGT) 
seeks to demonstrate that the transmission network 
can be repurposed to carry hydrogen to accelerate 
the decarbonisation of electricity generation, 
industry and heat. 

The project which runs between 2021- 2023 aims to 
establish a hydrogen test facility at the Spadeadam 
research site in northern England where flows of dif-
ferent blends as well as 100% hydrogen will be tested 
at transmission pressures. This system will then con-
nect to the existing H21 distribution network facility 
at Spadeadam to prove a complete beach-to-meter 
network can be decarbonised. Like H100 Fife, HyNTS 
passed initial screening by Ofgem in May 2020, which 
meant that it became eligible for funding. HyNTS 
requested £8.45m.77

Danielle Stewart of National Grid said transmission 
assets which were due to be decommissioned during 
the RIIO2 (Revenue=Incentives+Innovation+Outputs) 
period – a regulatory framework – would be recon-
structed at Spadeadam in Cumbria. 

She said National Grid had initially carried out research 
to identify a section of the transmission system which 
could have been isolated from the rest and used to 
inject hydrogen for testing purposes. However, a site 
that would enable us to test the full range of assets 
could not be found, which meant that a new site had 
to be recreated from decommissioned parts including 
steel pipes, valves, flanges, regulators. 

The initial project is to run over three phases, the first 
one focusing on the building and setting up the site, 
the second will aim to run blends at the offline test 
facility at 2, 20 and 100% and potentially other per-
centages in between. 

Phase three will produce a quantitative risk assessment 
which will be informing what would need to change 
as a result of phase 2. Stewart said the ambition was 
to put 100% hydrogen into parts of the network by 
2050, but there were still questions on whether it 
would be best to take the blended approach or a 
segmented approach to the transition. For that reason, 
National Grid is also investigating other technologies 
such as deblending as a means to separate different 
gases for various customers who would require 
different types of energy. 

This would enable National Grid to smooth the transi-
tion and make it more inclusive particularly for those 
customers that are hard to decarbonise. Stewart 
noted that according to a study by consultants Navi-
gant, converting parts of the network and having a 
more blended energy mix approach would save up to 
£13bn annually by 2050. 

77  Ibid.

https://www.nationalgrid.com/uk/stories/journey-to-net-zero/high-hopes-hydrogen
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Although the projects reviewed in this study focus on 
different goals, they also share many similarities. A 
common feature relates to the fact that they all seek 
to develop on-the-ground practical experience. By 
adopting the learning-by-doing principle, projects 
enjoy greater flexibility in the way they shape best 
practices and adjust to new opportunities or 
challenges. 

For example, in the case of adapting transmission and 
distribution networks to hydrogen one of the guiding 
principle is to understand its impact on infrastructure 
and end-user appliances as well as its safety risks and 
means to minimise them. 

A report published by the regulator Ofgem points out 
that while there has been substantial research on 
hydrogen injection into transmission and distribution 
grids, there was limited practical experience in this 
respect.78

A similar guiding principle underpins the heating 
sector where projects seek to understand various 
aspects involved in the transition from natural gas 
to hydrogen. These relate to impact on appliances, 
metering, monitoring, safety. Crucially for this sector, 
projects also assess customer responses. 

The residential heating sector may in fact be one of 
the most important areas of defining a hydrogen 
strategy because most properties across the UK rely 
on natural gas-based central heating. Assessing availa-
ble options of switching to cleaner forms of heating, 
the costs involved as well as customer attitudes are a 
crucial part of the transition to net zero emissions by 
2050. Finally, as respondents suggested, project 
developers have been using results to learn from each 
other, leading to an exchange of ideas and best prac-
tices that would ultimately inform a long-term vision. 

78 National grid gas distribution. RIIO NIC, Ofgem. Accessible online from https://www.ofgem.gov.uk/ofgem-publications/107831  
 (Last accessed on 31 October 2020).
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Stakeholders as well as reports consulted for this 
report agree on the prevailing need for an overarch-
ing strategy that would lay the foundations for the 
development of the hydrogen sector in the UK. 

Nevertheless, as most of the respondents pointed 
out, a number of challenges would have to be 
addressed before such a strategy could be available. 

A first challenge relates to the business model that 
could be put in place to incentivise the production 
at scale of hydrogen. 

While interviewees agreed that in many respects the 
UK is spearheading projects that are at the forefront 
of innovation, particularly those which examine the 
conversion of the natural gas infrastructure to 
accommodate hydrogen, they also admitted the 
country lagged behind developing production at 
scale. 

To encourage it, the public and private sector would 
need to agree on introducing financial mechanisms 
that would allow the technology to become viable 
even at a time when the falling cost of natural gas 
would make it difficult to transition to more expen-
sive energy sources. 

In its current format the British gas market is free and 
prices are determined by supply and demand. Making 
the transition to cleaner forms of production, including 
hydrogen would entail offering subsidies, potentially 
reversing the liberalisation of the gas sector which 
was set in motion in the 1990s. 

A second challenge relates to consumer attitude to 
new technologies. 

Matthew Hindle of ENA pointed out that central to 
the decarbonisation of the residential heating sector 
is the need to understand what consumers require 
and how they perceive the transition to new 
technologies. 

Projects such as H100 Fife, H21 North of England, of 
HyNET, which is the first to have started blending 
natural gas into the network at the University of 
Keele would be in a position to inform policy-makers 
about consumers’ views regarding proposed changes. 

A third challenge relates to the risks involved in 
transitioning to hydrogen. Nigel Holmes of the SHFCA 
pointed out that one thing that could derail the 
development of the hydrogen sector would be a bad 
accident. He said projects such as Hy4Heat and H100 
Fife were building the understanding for safe use of 
hydrogen and how this could enable the transition to 
hydrogen for heat in a way that could further reduce 
risks compared to natural gas, which, he said already 
had an outstanding safety record in the UK. 

A fourth challenge is more political and relates to the 
coordination of different government departments, 
the allocation of resources and deployment of per-
sonnel to work on the energy transition and the fallout 
from Brexit. 

While most of interviewees were confident that a 
national hydrogen strategy would be published 
within the next six to 12 months, they also agreed 
that there was a need for leadership and greater 
coordination among UK government departments as 
well as between the UK government and the Scottish 
government, for example. 
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Some respondents noted that important UK govern-
ment resources that could have been used to address 
the energy transition had to be redirected for Brexit 
negotiations. 

No relevant hydrogen specialists at BEIS were availa-
ble for an interview for this study, but some respond-
ents said the energy transition was independent of 
Brexit and that the department was working closely 
with stakeholders such as National Grid, distribution 
companies and ENA. 

The policy officer in the Scottish government also 
noted that the number of personnel working on 
hydrogen within the Scottish government and other 
public organisations had also grown in recent years, 
a sign of the technology’s perceived importance. 

A fifth challenge relates to the role that the UK will 
seek to play in the EU’s energy transition after Brexit 
and whether it would build on the existing links with 
neighbouring European countries. 

Fig. 19: Mature hydrogen backbone by 2040 

Source: Gas for Climate 2050, https://gasforclimate2050.eu/sdm_downloads/european-hydrogen-backbone/
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79  National Grid to launch £10m trial project to test if hydrogen can heat homes and industry. Press release. National Grid. August 2020.  
Available online from: https://www.nationalgrid.com/5-aug-2020-national-grid-launch-ps10m-trial-project-test-if-hydrogen-can-heat-homes-and-industry  
(Last accessed 12 August 2020)

80  European Hydrogen Backbone: How a dedicated hydrogen infrastructure can be created. Gas for Climate: A path to 2050. July 2020.  
Available online from: https://gasforclimate2050.eu/sdm_downloads/european-hydrogen-backbone/ (Last accessed 12 August 2020)

Danielle Stewart of National Grid said the UK grid 
operator was not involved in the Hydrogen Backbone 
study but added that it was in talks with European 
partners to explore ways and share learning to transi-
tion to hydrogen.  For example, Gas Networks Ireland, 
the Irish transmission system operator, currently 
works with National Grid to import natural gas. If 
Great Britain transitions to hydrogen, the two grid 
operators would need to align to ensure a smooth 
switchover. Current arrangements with interconnec-
tors will continue to apply. Stewart said National Grid 
was also working with other European Transmission 
System Operators (TSOs) to map out future roles and 
relationships in meeting net zero targets.

Interviewees noted that the UK could not only import 
hydrogen via existing infrastructure such as the Isle 
of Grain LNG import terminal but also export electro-
lysed hydrogen that could be produced by offshore 
renewable capacity in Scotland. Companies are also 
looking to partner up with European counterparts to 
build production facilities or to carry out joint 
research.

For example, in August 2020, National Grid said it 
was partnering up with Northern Gas Networks 
(NGN), a distribution company in the north of the 
country, as well as Fluxys, Belgium’s transmission 
system operator to build a first of its kind hydrogen 
test facility in the UK to understand how hydrogen 
gas could be used to heat homes and deliver green 
energy to industry.79

Even so, questions will persist regarding the inter-
connection of the UK grid to continental Europe, the 
possibility to partner up with EU states to produce 
hydrogen or access EU funds. 

A consortium of European transmission system oper-
ators published a report in July 2020, outlining plans 
to create a European hydrogen backbone where as 
many as 23,000km of pipelines across ten countries 
could be linked to transport hydrogen by 2040.80
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This study has provided an overview of the develop-
ment of the UK hydrogen sector at a time when inter-
est in the technology is picking up momentum across 
the world. 

Like four decades ago, when the country was at the 
forefront of deregulating the gas sector and estab-
lishing one of the world’s most functional markets,
 it, once again, finds itself on the cusp of structural 
changes, being determined to achieve net zero 
emissions by 2050. 

In many ways, the UK has been a leader – passing the 
world’s first Climate Change Act in 2008 and demon-
strating that it is possible to reduce emissions while 
recording economic growth, topping the G7 group of 
advanced economies in this respect. 

Setting itself ambitious decarbonisation targets, it is 
also exploring ways to develop new technologies 
such as hydrogen to help make its transition from 
fossil fuels to a green economy within the next four 
decades. 

Projects such as H21, H100 Fife or Project Cavendish 
are exploring ways to make the transition to a hydro-
gen-ready grid that would bring the clean gas to resi-
dential or industrial consumers, helping to reduce 
emissions in the heat sector by 2050. 

Other projects such as Aberdeen Vision are already 
exploring ways to decarbonise the transport sector, 
switching buses to hydrogen. 

However, in terms of producing hydrogen, the UK’s 
share of global output is still small. 

As Oliver Wood, business development manager at 
the Isle of Grain, said for this interview: “The scale 
of hydrogen production needed to feed major gas 
turbines is such that there are currently limits on 
manufacturers being able to test their full scale gas 
turbines in the current hydrogen market place.”

And that is the challenge that the UK faces in the 
upcoming years. 

Firstly, it needs to decide what role hydrogen would 
play in the energy mix of the future. As other technol-
ogies such as heat pumps are being developed and 
becoming more commercially attractive, would 
hydrogen be competitive enough to gain a large 
share or would it be just a “valuable complement” 
as a CCC report put it?

Secondly, even if hydrogen were to be recognised as 
a technology of the future, how will it be produced? 
Production processes such as electrolysis, steam 
methane reformation or methane pyrolysis may be 
available although their use will depend to a large 
extent on costs. 

The UK’s interest in a “twin track” approach that 
would favour hydrogen produced from natural gas as 
well as through electrolysis indicates that the country 
is determined to take a pragmatic and cost-effective 
approach to take advantage of its resources. 

In this context, developing hydrogen from steam 
methane reformation with CCS would allow Britain 
not only to reach its net zero emission target but also 
become a carbon storage hub for the entire 
continent.    
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Chris Stark, chief executive of the Committee on Cli-
mate Change said the UK’s CCS capacity was so vast 
that it would be enough to guarantee 70 years of 
storage for the whole of Europe. 

As two dedicated CCS facilities are expected to be 
commissioned this decade, developers such as those 
at Project Cavendish are looking at intermediary solu-
tions including loading up emissions onto ships and 
transporting them to a site in Norway. If successful, 
such transports could benefit the UK in the long term 
once its own storage facilities are ready to receive 
CO₂ emissions from neighbouring countries. 

As Chris Stark pointed out, the UK could become a 
CCS storage hub on its eastern coast, where most 
hydrogen projects are currently developed and could 
open up a hydrogen highway. 

Much, however, will depend on the policies that will 
be put in place in the upcoming months. 

Unlike western European countries such as Germany 
or the EU bloc as a whole, which have already pub-
lished a long-term hydrogen strategy, the UK is yet to 
formulate one. 

Interviewees have noted that the UK was following 
the “learning by doing” principle, meaning that stake-
holders are researching, testing and weighing best 
options available. They also stressed that many of the 
projects that have been launched had been largely 
driven by local and regional authorities, rather than 
as part of a top-down approach.

One interesting question that could be asked in this 
context is whether such an approach very much 
reflects Britain’s laissez-faire tradition where markets 
develop organically, following a trial-and-error 
approach or whether this is more specific to the 
hydrogen sector where a relatively new but also risky 
technology is approached with caution?

A clear-cut answer is less obvious since many stake-
holders recognise that in order to develop and thrive, 
the hydrogen sector would need government support 
since the price to produce the fuel would be far more 
expensive than the price of natural gas, currently at 
some of its lowest levels ever. 

In the longer-term that would mean introducing 
financial mechanisms such as contracts for difference 
to ensure that hydrogen, be it with SMR and CCS or 
electrolysed, would get to compete with cheaper 
fuels and technologies. 

Finally, even if the government were to throw its full 
support behind developing the hydrogen sector, 
questions will continue whether consumers would 
accept to adopt it. 

Currently, more than 80% of British homes rely on 
natural gas for heating and cooking. Various reports 
have outlined ambitious targets, with one scenario 
included in the Future Energy Scenarios 2020 pro-
duced by National Grid ESO predicting that 65% of 
residential heating could be transitioned to hydrogen. 

Considering that Britain has a very large stock of 
legacy homes and that the rate of replacement is 
low, there is potential for hydrogen to become the 
fuel of the future in this sector. 



The development of the UK’s hydrogen sector   67

With the UK being a world leader in boiler manufac-
turing, there are also promising prospects that a 
switchover would be beneficial for manufacturers. 

At the beginning of 2020, boiler manufacturers 
Worcester Bosch and Baxi called on the UK govern-
ment to mandate hydrogen-ready outfits for new 
installs by 2025. They noted that while the British grid 
was using 100% of natural gas, the infrastructure was 
in fact able to work with hydrogen because all gas 
boilers sold after 1996 were legally required to 
accommodate 23% of hydrogen under existing 
regulations. 

Already projects such as HyDeploy at Keele University 
in Staffordshire are trialling 20% hydrogen blends in 
the natural gas network and are expecting to increase 
injections with a view to convert the grid fully to 
hydrogen. 

This means that while transmission and distribution 
networks are being tested at 20:80 hydrogen-natural 
gas blends, existing boilers are already equipped to 
operate at similar ratios and would further develop 
to accommodate 100% hydrogen once grids reach 
this level.81

Yet, the prevailing question is whether consumers 
would accept them. The level of acceptance will most 
likely depend on the cost of the new technology as 
well as its safety guarantees.

Projects such as Hy4Heat, which examines precisely 
the uptake of hydrogen appliances in the residential 
sector and is spearheaded by the Department for 
Business, Energy and Industrial Strategy (BEIS) are 
expected to inform landmark heat and hydrogen 
strategies. 

Finally, questions are also being asked whether the 
UK could import and export hydrogen in the transi-
tion period. 

Stakeholders interviewed for this research were con-
fident that existing infrastructure such as the Isle of 
Grain LNG import terminal could not only be used to 
import hydrogen but could also operate as a hybrid 
facility to accommodate both LNG and hydrogen in 
the transition period. 

Meanwhile, Scotland could export surplus hydrogen 
produced through offshore renewable generation, 
making the region an important hub of electrolysed 
hydrogen. 

Yet questions are asked here as well, not least with 
regards to the links that the UK will continue to 
uphold with EU member states particularly in the 
light of Brexit. 

As the uptake of hydrogen gathers momentum in 
Europe and across the world, many of these ques-
tions will certainly become more obvious, forcing 
public and private sector stakeholders to address 
them with urgency. 

81   Boiler manufacturers call for hydrogen-ready boilers by 2025. Boiler guide March 2020. Available online from  
https://www.boilerguide.co.uk/hydrogen-ready-by-2025 (Last accessed 31 October 2020)
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Project name Location Developer Type Usage Benefits
Aberdeen Vision SCOTLAND St Fergus

terminal, 
Aberdeenshire, 
Scotland

National Grid, Pale Blue Dot 
Energy, ERM, SSE and DNV GL

This project is intended to demonstrate the commercial 
viability of injecting hydrogen into the gas grid. Hydrogen 
would be exported down to Aberdeen both as a 2% blend 
into the NTS and potentially in the future via a dedicated 
hydrogen pipeline. Hydrogen piped into Aberdeen will 
supply refuelling for their fleet of hydrogen buses, could 
be blended into the local natural gas network at 20%, as 
well as offer further opportunities for 100% hydrogen in 
the future.

„Aberdeen Vision aims to demonstrate the commercial viability of injecting 2% 
hydrogen into the national transmission system (NTS). While the project begins at 
St Fergus Gas Terminal and will completely encompass Aberdeenshire, it will also 
influence locations beyond Scotland via the national network systems.  
The project also aims to provide a case for constructing a new 100% hydrogen pipe-
line between St Fergus and Aberdeen that would initially supply the network with 
a hydrogen blend of up to 20%, increasing to 100% following a complete network 
conversion to hydrogen. 
The new pipeline will support the distribution of hydrogen to Aberdeen, where the 
use of hydrogen transport is the most advanced and widespread in the UK. 
 
This project aims to address long-term issues of carbon emission reductions and 
assist the UK in meeting the UK 2050 CO2 reduction target.  
It will build upon existing knowledge of H2 generation, CO2 capture and storage, H2 
usage in the networks and build knowledge and understanding in the following areas: 
Analysis of hydrogen production at St Fergus using SMR   
Injection of 2% Hydrogen into the NTS  
Identification of technical issues associated with all materials  
Investigate the ACORN Carbon Capture and Storage proposal and its overall viability   
Constructing a H2 pipeline from St Fergus to Aberdeen and commercially viable 
hydrogen network & transport hub at Aberdeen  
Impact on end-users in terms of perception and cost“

Acorn CCS & Acorn Hydrogen SCOTLAND Grangemouth, 
Peterhead Port, 
SCOTLAND

Pale Blue Dot Energy CCS & hydrogen production Transport, home heating, industrial use CCS and hydrogen production at St Fergus; Repurposes pipeline to deal with Scotland‘s 
Central North Sea emissions; International CO2 hub 

Alkammonia ENGLAND London Strategic Advisory Board (SAB) 
comprising Vodafone UK and 
Recova Energy (India)

Research – fuel cells ALKAMMONIA seeks to develop and test a proof-of-concept system designed to 
provide power in remote applications. The project will integrate three innovative and 
proven technologies: a highly efficient and low-cost alkaline fuel cell system, a highly 
efficient and catalytically heated ammonia processing system and a novel solid state 
ammonia storage system. 

Cost savings and cutting emissions

AutoRE ENGLAND Stafford, 
England

Daimler, Sintef, CROH2, Unitus, 
Elvio, GE, NucellSys

Derivative automotive fuel cells for combined heat and 
power

The project aims to develop system components allowing reduced costs, increased 
durability and efficiency; build and validate a first 50 KW PEM prototype CHP system 
and create the required value chain from automotive manufacturers to stationary 
energy end-users

Reduce costs and complexities. 

BigHit SCOTLAND Kirkwall, 
Orkney, 
Scotland

PEM electrolysers to produce hydrogen Builds on Surf‘n‘Turf initiative and can be used to heat local buildings. Can also be 
transported by sea ferry to Kirkwall 

„BIG HIT builds on foundations laid by the Orkney Surf ‘n’ Turf initiative, which will see 
production of hydrogen on the islands of Eday and Shapinsay using wind and tidal energy. 
BIG HIT uses two state-of-the-art proton exchange membrane (PEM) electrolysers. The  
Shapinsay electrolyser is 1MW capacity and Eday electrolyser is 0.5MW capacity, both 
located close to the renewable generation assets. The hydrogen acts as an energy-stora-
ge medium which can later be converted back into heat and power for buildings and ves-
sels in Kirkwall harbour, as well as the fuel for the operation of zero-emission hydrogen 
vehicles in and around Kirkwall. 
These two PEM electrolysers will produce about 50 tonnes of hydrogen each year from 
constrained renewables. This ‘zero carbon’ hydrogen can be used to heat local buildings, 
and will also be transported by sea ferry to Kirkwall in 5 hydrogen tube-trailers. In Kirk-
wall a 75 kW hydrogen fuel cell supplies heat and power for several harbour buildings, a 
marina and 3 ferries (when docked) in Kirkwall. And finally, the new hydrogen refuelling 
station in Kirkwall fuels the 5 Symbio hydrogen fuel cell road vehicles for Orkney Islands 
Council.“

C3SOFC ENGLAND Derby, England Rolls-Royce, German Aerospa-
ce Centre, University of Genoa

Fuel cells/plant efficiency By changing the scale at which balance of plant functions are integrated, the C3SOFC 
project aims to develop solutions that satisfy the functional specifications of diffe-
rent users and achieve the corresponding measurable targets in terms of availability 
and cost. Large components with thermal expansion challenges will be reduced from 
system to block scale. 

Cost reduction

CLoCC UK-WIDE UK National Grid Transmission The project looks to develop a connection service that facilitates the unconventional 
gas connections market; specifically connection costs of below £1m and with durati-
on of less than one year. 

Reduce the cost of new connections to the transmission network, including for green gas 
producer

Cloverhill‘s Aberdeen 
Hydrogen First

SCOTLAND Cloverhill, 
Scotland

Insert micro fuel cells in homes „Cloverhill‘s Aberdeen Hydrogen First initiative proposes to incorporate micro-CHP fuel 
cell technology into 30 homes. 
This will act as a pilot scheme from which performance data will be gathered to allow 
the independent analysis of the performance of this technology, facilitate comparison 
against alternative low carbon technologies and help inform decisions regarding its 
integration into future developments in the city. 
The vision for Cloverhill is to create a new sustainable community, sitting between Bridge 
of Don and Aberdeen beach, providing a high quality, sustainable and healthy lifestyle 
for its residents, businesses and the wider community. 
Planning application has already been submitted.„

CymruH2Wales R&D WALES CymruH2Wales R&D aims to ensure that Wales can play an active role in establishing 
new hydrogen technology products, processes and services. It is hoped that this 
activity will allow Wales to gain an early advantage in the adoption of hydrogen as 
part of a low carbon energy future for transport, electricity and heat.

Annex – Major UK hydrogen projects
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Project name Location Developer Type Usage Benefits
Aberdeen Vision SCOTLAND St Fergus

terminal, 
Aberdeenshire, 
Scotland

National Grid, Pale Blue Dot 
Energy, ERM, SSE and DNV GL

This project is intended to demonstrate the commercial 
viability of injecting hydrogen into the gas grid. Hydrogen 
would be exported down to Aberdeen both as a 2% blend 
into the NTS and potentially in the future via a dedicated 
hydrogen pipeline. Hydrogen piped into Aberdeen will 
supply refuelling for their fleet of hydrogen buses, could 
be blended into the local natural gas network at 20%, as 
well as offer further opportunities for 100% hydrogen in 
the future.

„Aberdeen Vision aims to demonstrate the commercial viability of injecting 2% 
hydrogen into the national transmission system (NTS). While the project begins at 
St Fergus Gas Terminal and will completely encompass Aberdeenshire, it will also 
influence locations beyond Scotland via the national network systems.  
The project also aims to provide a case for constructing a new 100% hydrogen pipe-
line between St Fergus and Aberdeen that would initially supply the network with 
a hydrogen blend of up to 20%, increasing to 100% following a complete network 
conversion to hydrogen. 
The new pipeline will support the distribution of hydrogen to Aberdeen, where the 
use of hydrogen transport is the most advanced and widespread in the UK. 
 
This project aims to address long-term issues of carbon emission reductions and 
assist the UK in meeting the UK 2050 CO2 reduction target.  
It will build upon existing knowledge of H2 generation, CO2 capture and storage, H2 
usage in the networks and build knowledge and understanding in the following areas: 
Analysis of hydrogen production at St Fergus using SMR   
Injection of 2% Hydrogen into the NTS  
Identification of technical issues associated with all materials  
Investigate the ACORN Carbon Capture and Storage proposal and its overall viability   
Constructing a H2 pipeline from St Fergus to Aberdeen and commercially viable 
hydrogen network & transport hub at Aberdeen  
Impact on end-users in terms of perception and cost“

Acorn CCS & Acorn Hydrogen SCOTLAND Grangemouth, 
Peterhead Port, 
SCOTLAND

Pale Blue Dot Energy CCS & hydrogen production Transport, home heating, industrial use CCS and hydrogen production at St Fergus; Repurposes pipeline to deal with Scotland‘s 
Central North Sea emissions; International CO2 hub 

Alkammonia ENGLAND London Strategic Advisory Board (SAB) 
comprising Vodafone UK and 
Recova Energy (India)

Research – fuel cells ALKAMMONIA seeks to develop and test a proof-of-concept system designed to 
provide power in remote applications. The project will integrate three innovative and 
proven technologies: a highly efficient and low-cost alkaline fuel cell system, a highly 
efficient and catalytically heated ammonia processing system and a novel solid state 
ammonia storage system. 

Cost savings and cutting emissions

AutoRE ENGLAND Stafford, 
England

Daimler, Sintef, CROH2, Unitus, 
Elvio, GE, NucellSys

Derivative automotive fuel cells for combined heat and 
power

The project aims to develop system components allowing reduced costs, increased 
durability and efficiency; build and validate a first 50 KW PEM prototype CHP system 
and create the required value chain from automotive manufacturers to stationary 
energy end-users

Reduce costs and complexities. 

BigHit SCOTLAND Kirkwall, 
Orkney, 
Scotland

PEM electrolysers to produce hydrogen Builds on Surf‘n‘Turf initiative and can be used to heat local buildings. Can also be 
transported by sea ferry to Kirkwall 

„BIG HIT builds on foundations laid by the Orkney Surf ‘n’ Turf initiative, which will see 
production of hydrogen on the islands of Eday and Shapinsay using wind and tidal energy. 
BIG HIT uses two state-of-the-art proton exchange membrane (PEM) electrolysers. The  
Shapinsay electrolyser is 1MW capacity and Eday electrolyser is 0.5MW capacity, both 
located close to the renewable generation assets. The hydrogen acts as an energy-stora-
ge medium which can later be converted back into heat and power for buildings and ves-
sels in Kirkwall harbour, as well as the fuel for the operation of zero-emission hydrogen 
vehicles in and around Kirkwall. 
These two PEM electrolysers will produce about 50 tonnes of hydrogen each year from 
constrained renewables. This ‘zero carbon’ hydrogen can be used to heat local buildings, 
and will also be transported by sea ferry to Kirkwall in 5 hydrogen tube-trailers. In Kirk-
wall a 75 kW hydrogen fuel cell supplies heat and power for several harbour buildings, a 
marina and 3 ferries (when docked) in Kirkwall. And finally, the new hydrogen refuelling 
station in Kirkwall fuels the 5 Symbio hydrogen fuel cell road vehicles for Orkney Islands 
Council.“

C3SOFC ENGLAND Derby, England Rolls-Royce, German Aerospa-
ce Centre, University of Genoa

Fuel cells/plant efficiency By changing the scale at which balance of plant functions are integrated, the C3SOFC 
project aims to develop solutions that satisfy the functional specifications of diffe-
rent users and achieve the corresponding measurable targets in terms of availability 
and cost. Large components with thermal expansion challenges will be reduced from 
system to block scale. 

Cost reduction

CLoCC UK-WIDE UK National Grid Transmission The project looks to develop a connection service that facilitates the unconventional 
gas connections market; specifically connection costs of below £1m and with durati-
on of less than one year. 

Reduce the cost of new connections to the transmission network, including for green gas 
producer

Cloverhill‘s Aberdeen 
Hydrogen First

SCOTLAND Cloverhill, 
Scotland

Insert micro fuel cells in homes „Cloverhill‘s Aberdeen Hydrogen First initiative proposes to incorporate micro-CHP fuel 
cell technology into 30 homes. 
This will act as a pilot scheme from which performance data will be gathered to allow 
the independent analysis of the performance of this technology, facilitate comparison 
against alternative low carbon technologies and help inform decisions regarding its 
integration into future developments in the city. 
The vision for Cloverhill is to create a new sustainable community, sitting between Bridge 
of Don and Aberdeen beach, providing a high quality, sustainable and healthy lifestyle 
for its residents, businesses and the wider community. 
Planning application has already been submitted.„

CymruH2Wales R&D WALES CymruH2Wales R&D aims to ensure that Wales can play an active role in establishing 
new hydrogen technology products, processes and services. It is hoped that this 
activity will allow Wales to gain an early advantage in the adoption of hydrogen as 
part of a low carbon energy future for transport, electricity and heat.
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Project name Location Developer Type Usage Benefits
Dolphyn UK-WIDE UK ERM Green hydrogen using wind turbines Heat production for 1.5million homes Innovative integrated system combining all of the technologies required to bring the 

latest floating wind and hydrogen production technologies together to enable offshore 
wind resources to contribute toward hydrogen production.

East Neuk Power to Hydrogen SCOTLAND East Neuk Using hydrogen in other systems The project is considering how where excess electricity is constrained, how green hydro-
gen could be used in a whole energy system across generation, distribution and demand 
efficiency of both the gas and electricity networks.

FC EuroGrid ENGLAND Birmingham, 
England

Julich, E.ON, Uniper, Eifer, VTT, 
Enea, University of Basque 
Country

Evaluating the performance of fuel cells in European 
energy supply grids

The project will contribute to solving this situation by collecting and reviewing 
information on stationary FC operations in various grid environments and application 
strategies.

Assessing progress in fuel cell technology development

GENCOMM EUROPE NW Europe-oriented project GENCOMM will address the energy sustainability challenges of North West Europe 
(NWE) communities through the implementation of smart hydrogen-based energy 
matrixes. The project validates the maturity of hydrogen technologies by implemen-
ting 3 pilot plants that link the 3 main northwest European renewable sources (Solar 
Power, Wind Power, and Bioenergy) with energy storage and the main forms of energetic 
demand (Heat, Power and Transportation fuels). Based on the pilot plants; integrated 
technical and financial simulation models will be developed.  Together, both models 
will form a Decision Support Tool (DST) that provides a roadmap for communities to 
transition to renewable, hydrogen-based energy matrixes. The final goal of the project is, 
through the combination of sources and forms of demand, to lead NWE’s road to sustain-
ability while granting hydrogen its position as a commercially viable energy medium for 
the future.

Gigastack Phase II ENGLAND Humber, 
Hornsea, 
N. England

Orsted, ITM Power, Phillips 66 
Ltd, Element Energy

Targets the delivery of bulk, low-cost and zero-carbon 
hydrogen through ITM Power’s gigawatt scale polymer 
electrolyte membrane (PEM) electrolysers, manufactured 
in the UK.

Uptake of hydrogen on an industrial scale at lower costs. Phase 1 has produced a 
5MW electrolyser. Phase II aims to produce a 100MW electrolyser.

The project aims to dramatically reduce the cost of electrolytic hydrogen. This funding 
will enable ITM Power to work towards developing a system that uses electricity from 
Orsted’s Hornsea Two offshore wind farm to generate renewable hydrogen for the 
Phillips 66 Humber Refinery.

H100 SCOTLAND Fife Energy Networks Association 
(ENA), National Grid, Cadent, 
Northern Gas Networks and 
Wales & West Utilities, SSE

The project is part of the Gas Goes Green project, the 
industry blueprint for cutting carbon emissions

H100 builds on prior work to develop site specific evidence to support the const-
ruction of a physical 100 per cent hydrogen demonstration. The project’s aim is to 
develop quantitative evidence that will advise government policy, HSE and regulation 
and ultimately allow the construction and operation of the first 100 per cent hy-
drogen network in Scotland. Two workstreams include detailed feasibility and FEED 
studies which will bring together all elements of the programme.

H100: SGN Hydrogen 
Distribution Network – 
Possible location 1

SCOTLAND Argyll, Fife Building the UK‘s first 100% hydrogen network „The H100 project is looking to construct and demonstrate the UK’s first network to carry 
100% hydrogen. The project is built-up of a series of smaller projects that focus on each 
key aspect of hydrogen research. These will develop the evidence to enable progress to-
wards the construction and physical operation of the UK’s first 100% hydrogen network. 
The project will incluide two separate workstreams: 
- Workstream A is examining the technical and commercial feasibility of constructing a 
new, dedicated network capable of providing 100% hydrogen to approximately 300 ho-
mes and businesses. This includes research to ensure full understanding of the impacts 
of distributing and using hydrogen compared to natural gas. This will enable the develop-
ment of the safety case that will ensure the reliable and safe operation of the network.  
- Workstream B is the Feasibility and Front-End Engineering Design (FEED) studies. These 
will identify and evidence the potential regulatory, technical and physical issues that 
need to be overcome in preparation for construction and operation of the network. This 
will cover issues associated with transportation, production, storage, and utilisation.  
The locations being assessed for the project are at Levenmouth in Fife and Machrihanish 
in Argyll.“

H21 Green ENGLAND Leeds, England Northern Gas Network, 
Equinor, Cadent

Transmission. Project made up of clusters of smaller 
projects

A comprehensive concept for the conversion of the gas networks and over 3.5 million 
homes and businesses across the North of England to hydrogen. H21 is based on a 
regional roll-out between 2028–2034. The study sets out the engineering, economic, 
market and infrastructure changes required for a conversion, as well as the impact 
on consumers. Early stage innovation projects are underway to provide evidence for 
the full concept.

This includes 3.7 million meter points (circa 85 TWh per annum, 12.5% of net UK popula-
tion) across the major urban conurbations of Leeds, Bradford, Wakefield, Huddersfield, 
Hull, Liverpool, Manchester, Teesside, Tyneside and York. The design incorporates a 
12.15GW hydrogen production facility, 8TWh of inter-seasonal storage, all associated 
onshore infrastructure and the requirements of the associated carbon capture and 
storage scheme, scaling to 20 million tonnes per annum by 2035.

H2ME ENGLAND Cambridge, 
England

AGA, Air Liquide, Areva, BMW, 
Daimler, EIFER, Hyundai, Ice-
landic New Energy, Linde, Linde 
Gas, McPhy, OMV, Simbio, 
Toyota, Honda, Danish Hy-
drogen Fuel, CENEX, Renault, 
Falkenberg Energi, Nissan, 
ITM, Intelligent Energy

Fuel cells - to start a pan-European hydrogen fuelling 
network

Trial a large fleet of FCEVs in diverse applications across Europe - 200 OEM FCEVs 
(Daimler and Hyundai) and 125 fuel cell range-extended vans (Symbio FCell collabo-
rating with Renault) will be deployed • Deploy 29 state of the art refuelling stations, 
using technology from the full breadth of Europe’s hydrogen refuelling station pro-
viders. The scale will ensure that stations will be lower cost than in previous projects 
and the breadth will ensure that Europe’s hydrogen station developers advance 
together • Conduct a real world test of 4 national hydrogen mobility strategies and 
share learnings to support other countries’ strategy development • Analyse the 
customer attitude to the FCEV proposition, with a focus on attitudes to the fuelling 
station networks as they evolve in each country • Assess the performance of the 
refuelling stations and vehicles in order to provide data of a sufficient resolution to 
allow policy-makers, early adopters and the hydrogen mobility industry to validate 
the readiness of the technology for full commercial roll-out.

In creating a project of this scale, the FCH JU will establish not only a physical but also a 
strategic link between the regions that are leading in the deployment of hydrogen. The 
project will also include ‘observer countries’ (Austria, Belgium and the Netherlands), 
who will use the learnings from this project to develop their own hydrogen mobility 
strategies. The project is the most ambitious coordinated hydrogen deployment project 
attempted in Europe. 

H2ME PHASE II ENGLAND Cambridge, 
England

AGA, Air Liquide, Areva, BMW, 
Daimler, EIFER, Hyundai, Ice-
landic New Energy, Linde, Linde 
Gas, McPhy, OMV, Simbio, 
Toyota, Honda, Danish Hy-
drogen Fuel, CENEX, Renault, 
Falkenberg Energi, Nissan, ITM, 
Intelligent Energy, Alphabet

The project will perform a large-scale market test of 
hydrogen refuelling infrastructure, passenger and com-
mercial fuel cell electric vehicles operated in real-world 
customer applications and demonstrate the system bene-
fits generated by using electrolytic hydrogen solutions in 
grid operations.

H2ME 2 will establish the conditions under which electrolytic refuelling stations can 
play a beneficial role in the energy system, and demonstrate the acquisition of real 
revenues from provision of energy services for aggregated electrolyser-HRS systems 
at a MW scale in both the UK and France. 

The loading of stations by the end of the project is expected to average 20% of their daily 
fuelling capacity, with some stations exceeding 50% or more.
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Project name Location Developer Type Usage Benefits
Dolphyn UK-WIDE UK ERM Green hydrogen using wind turbines Heat production for 1.5million homes Innovative integrated system combining all of the technologies required to bring the 

latest floating wind and hydrogen production technologies together to enable offshore 
wind resources to contribute toward hydrogen production.

East Neuk Power to Hydrogen SCOTLAND East Neuk Using hydrogen in other systems The project is considering how where excess electricity is constrained, how green hydro-
gen could be used in a whole energy system across generation, distribution and demand 
efficiency of both the gas and electricity networks.

FC EuroGrid ENGLAND Birmingham, 
England

Julich, E.ON, Uniper, Eifer, VTT, 
Enea, University of Basque 
Country

Evaluating the performance of fuel cells in European 
energy supply grids

The project will contribute to solving this situation by collecting and reviewing 
information on stationary FC operations in various grid environments and application 
strategies.

Assessing progress in fuel cell technology development

GENCOMM EUROPE NW Europe-oriented project GENCOMM will address the energy sustainability challenges of North West Europe 
(NWE) communities through the implementation of smart hydrogen-based energy 
matrixes. The project validates the maturity of hydrogen technologies by implemen-
ting 3 pilot plants that link the 3 main northwest European renewable sources (Solar 
Power, Wind Power, and Bioenergy) with energy storage and the main forms of energetic 
demand (Heat, Power and Transportation fuels). Based on the pilot plants; integrated 
technical and financial simulation models will be developed.  Together, both models 
will form a Decision Support Tool (DST) that provides a roadmap for communities to 
transition to renewable, hydrogen-based energy matrixes. The final goal of the project is, 
through the combination of sources and forms of demand, to lead NWE’s road to sustain-
ability while granting hydrogen its position as a commercially viable energy medium for 
the future.

Gigastack Phase II ENGLAND Humber, 
Hornsea, 
N. England

Orsted, ITM Power, Phillips 66 
Ltd, Element Energy

Targets the delivery of bulk, low-cost and zero-carbon 
hydrogen through ITM Power’s gigawatt scale polymer 
electrolyte membrane (PEM) electrolysers, manufactured 
in the UK.

Uptake of hydrogen on an industrial scale at lower costs. Phase 1 has produced a 
5MW electrolyser. Phase II aims to produce a 100MW electrolyser.

The project aims to dramatically reduce the cost of electrolytic hydrogen. This funding 
will enable ITM Power to work towards developing a system that uses electricity from 
Orsted’s Hornsea Two offshore wind farm to generate renewable hydrogen for the 
Phillips 66 Humber Refinery.

H100 SCOTLAND Fife Energy Networks Association 
(ENA), National Grid, Cadent, 
Northern Gas Networks and 
Wales & West Utilities, SSE

The project is part of the Gas Goes Green project, the 
industry blueprint for cutting carbon emissions

H100 builds on prior work to develop site specific evidence to support the const-
ruction of a physical 100 per cent hydrogen demonstration. The project’s aim is to 
develop quantitative evidence that will advise government policy, HSE and regulation 
and ultimately allow the construction and operation of the first 100 per cent hy-
drogen network in Scotland. Two workstreams include detailed feasibility and FEED 
studies which will bring together all elements of the programme.

H100: SGN Hydrogen 
Distribution Network – 
Possible location 1

SCOTLAND Argyll, Fife Building the UK‘s first 100% hydrogen network „The H100 project is looking to construct and demonstrate the UK’s first network to carry 
100% hydrogen. The project is built-up of a series of smaller projects that focus on each 
key aspect of hydrogen research. These will develop the evidence to enable progress to-
wards the construction and physical operation of the UK’s first 100% hydrogen network. 
The project will incluide two separate workstreams: 
- Workstream A is examining the technical and commercial feasibility of constructing a 
new, dedicated network capable of providing 100% hydrogen to approximately 300 ho-
mes and businesses. This includes research to ensure full understanding of the impacts 
of distributing and using hydrogen compared to natural gas. This will enable the develop-
ment of the safety case that will ensure the reliable and safe operation of the network.  
- Workstream B is the Feasibility and Front-End Engineering Design (FEED) studies. These 
will identify and evidence the potential regulatory, technical and physical issues that 
need to be overcome in preparation for construction and operation of the network. This 
will cover issues associated with transportation, production, storage, and utilisation.  
The locations being assessed for the project are at Levenmouth in Fife and Machrihanish 
in Argyll.“

H21 Green ENGLAND Leeds, England Northern Gas Network, 
Equinor, Cadent

Transmission. Project made up of clusters of smaller 
projects

A comprehensive concept for the conversion of the gas networks and over 3.5 million 
homes and businesses across the North of England to hydrogen. H21 is based on a 
regional roll-out between 2028–2034. The study sets out the engineering, economic, 
market and infrastructure changes required for a conversion, as well as the impact 
on consumers. Early stage innovation projects are underway to provide evidence for 
the full concept.

This includes 3.7 million meter points (circa 85 TWh per annum, 12.5% of net UK popula-
tion) across the major urban conurbations of Leeds, Bradford, Wakefield, Huddersfield, 
Hull, Liverpool, Manchester, Teesside, Tyneside and York. The design incorporates a 
12.15GW hydrogen production facility, 8TWh of inter-seasonal storage, all associated 
onshore infrastructure and the requirements of the associated carbon capture and 
storage scheme, scaling to 20 million tonnes per annum by 2035.

H2ME ENGLAND Cambridge, 
England

AGA, Air Liquide, Areva, BMW, 
Daimler, EIFER, Hyundai, Ice-
landic New Energy, Linde, Linde 
Gas, McPhy, OMV, Simbio, 
Toyota, Honda, Danish Hy-
drogen Fuel, CENEX, Renault, 
Falkenberg Energi, Nissan, 
ITM, Intelligent Energy

Fuel cells - to start a pan-European hydrogen fuelling 
network

Trial a large fleet of FCEVs in diverse applications across Europe - 200 OEM FCEVs 
(Daimler and Hyundai) and 125 fuel cell range-extended vans (Symbio FCell collabo-
rating with Renault) will be deployed • Deploy 29 state of the art refuelling stations, 
using technology from the full breadth of Europe’s hydrogen refuelling station pro-
viders. The scale will ensure that stations will be lower cost than in previous projects 
and the breadth will ensure that Europe’s hydrogen station developers advance 
together • Conduct a real world test of 4 national hydrogen mobility strategies and 
share learnings to support other countries’ strategy development • Analyse the 
customer attitude to the FCEV proposition, with a focus on attitudes to the fuelling 
station networks as they evolve in each country • Assess the performance of the 
refuelling stations and vehicles in order to provide data of a sufficient resolution to 
allow policy-makers, early adopters and the hydrogen mobility industry to validate 
the readiness of the technology for full commercial roll-out.

In creating a project of this scale, the FCH JU will establish not only a physical but also a 
strategic link between the regions that are leading in the deployment of hydrogen. The 
project will also include ‘observer countries’ (Austria, Belgium and the Netherlands), 
who will use the learnings from this project to develop their own hydrogen mobility 
strategies. The project is the most ambitious coordinated hydrogen deployment project 
attempted in Europe. 

H2ME PHASE II ENGLAND Cambridge, 
England

AGA, Air Liquide, Areva, BMW, 
Daimler, EIFER, Hyundai, Ice-
landic New Energy, Linde, Linde 
Gas, McPhy, OMV, Simbio, 
Toyota, Honda, Danish Hy-
drogen Fuel, CENEX, Renault, 
Falkenberg Energi, Nissan, ITM, 
Intelligent Energy, Alphabet

The project will perform a large-scale market test of 
hydrogen refuelling infrastructure, passenger and com-
mercial fuel cell electric vehicles operated in real-world 
customer applications and demonstrate the system bene-
fits generated by using electrolytic hydrogen solutions in 
grid operations.

H2ME 2 will establish the conditions under which electrolytic refuelling stations can 
play a beneficial role in the energy system, and demonstrate the acquisition of real 
revenues from provision of energy services for aggregated electrolyser-HRS systems 
at a MW scale in both the UK and France. 

The loading of stations by the end of the project is expected to average 20% of their daily 
fuelling capacity, with some stations exceeding 50% or more.
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Project name Location Developer Type Usage Benefits
H2Seed - Stornoway 
Hydrogen Refueller

SCOTLAND Outer Hebrides The project introduced demonstrator  hydrogen infrastructure in the Outer Hebrides; 
providing hydrogen from biogas, derived from local waste, to local refuelling stations to 
vehicles and fleet owners, including the Royal Mail. 

HyDeploy ENGLAND University of 
Keele

The UK‘s first practical demonstration of blending hydro-
gen (up to 20%)  into a natural gas network. The first trial 
for 130 homes had been approved and tests had been 
conducted in 2019 and 2020. 

HyDIME SCOTLAND Shapinsay, 
Kirkwall, 
Orkney

Fuel for commercial ferry „HyDIME (Hydrogen Diesel Injection in a Marine Environment) is a 12 month, Innovate 
UK funded project that will use an environmentally friendly form of hydrogen as a fuel 
for a commercial ferry operating between Shapinsay and Kirkwall in Orkney. 
HyDIME aims to make waves in the marine industry by proving the safe integration and 
use of hydrogen on vessels. One of HyDIME’s goals is the design and physical integration 
of a hydrogen injection system on a commercial passenger and vehicle ferry which will 
be the first of its kind worldwide. 
The hydrogen used in the HyDIME project will be cleanly produced from renewable 
energy. Excess energy generated from Orkney’s abundance of wind and tidal power will 
be used to produce hydrogen via electrolysis, resulting in carbon free, ’green’ hydrogen. 
The HyDIME project will provide a stepping stone to accelerate and de-risk future 
hydrogen marine projects and will contribute towards growing the hydrogen economy 
in the UK.“

HyFlyer SCOTLAND Zerovia , EMEC, Intelligent 
Energy

Decarbonise passenger aircraft „The HyFlyer project aims to decarbonise medium range small passenger aircraft by de-
monstrating powertrain technology to replace conventional piston engines in propeller 
aircraft. The conventional powertrain in the aircraft will be replaced with electric motors, 
hydrogen fuel cells and gas storage. 
HyFlyer will demonstrate a phased approach from battery power to hydrogen power, 
integrating the new technology aboard a Piper M-class six-seater aircraft. The aircraft 
will perform initial test flights out of Cranfield and culminate in a 250 – 300 nautical mile 
(NM) demonstration flight out of an airfield in Orkney. 
The project is led by Zeroavia, developers of hydrogen fuel cell powertrain solutions. 
Project partners Intelligent Energy will optimise its high power fuel cell technology for 
application in aviation whilst EMEC Hydrogen, producers of green hydrogen from rene-
wable energy, will supply the hydrogen required for flight tests and develop a mobile 
refuelling platform compatible with the plane. 
The HyFlyer project is supported by the ATI Programme, a joint Government and industry 
investment to maintain and grow the UK’s competitive position in civil aerospace 
design and manufacture. The programme, delivered through a partnership between 
the Aerospace Technology Institute (ATI), Department for Business, Energy & Industrial 
Strategy (BEIS) and Innovate UK, addresses technology, capability and supply chain 
challenges.“

HECTOR project SCOTLAND, 
EUROPE

Fuel-cell garbage trucks NW Europe-oriented project „The HECTOR – Hydrogen Waste Collection Vehicles in North West Europe –  project star-
ted in January of 2019 and will run until 2023. The project will deploy 7 fuel cell garbage 
trucks in 7 cities in 5 countries of North West Europe: Aberdeen (Scotland), the Arnhem 
& Nijmegen region (Netherlands), Brussels (Belgium), Duisburg (Germany), Groningen 
(Netherlands), Herten (Germany) and in the Communauté de communes Touraine Vallée 
de l’Indre (France). The fuel cell garbage trucks will be used in the same way as conven-
tional diesel trucks in 7 different waste management fleets. The project will showcase 
the current technology and the operational viability of the trucks by collecting data and 
important experiences. 
The project, coordinated by the European association HyER (Hydrogen Fuel Cells and 
Electro-Mobility in European Regions), aims to enable a smooth introduction of a 
zero-emission technology in conventional fleets, thereby laying the foundation for 
upscaling and further deployment of fuel cell garbage trucks in the near future. Each 
deployment site will aim to continue the operation of the trucks after the end of the 
project and to gradually replace conventional fuel trucks by fuel cell trucks. The project 
is supported by a €5.5m grant from the INTERREG North West Europe programme. The 
trucks will use existing hydrogen refuelling infrastructure. When possible, the pilot sites 
will use green hydrogen to fuel the trucks, maximising emissions reductions.“

 Hydrogen refuelling station ENGLAND-
SCOTLAND

Sheffield-
Aberdeen

Refuelling Logan Energy have recently funded and installed a public 350bar hydrogen refuelling 
station at their Wallyford facility, Scotland’s Central Belt and the only public refuelling 
station between Sheffield and Aberdeen. 

Hy4Heat ENGLAND Arup, Kiwa Gastec, Progressive 
Energy, Embers and Yo Energy, 
BEIS

A BEIS-funded research initiative to establish if it is techni-
cally possible, safe and convenient to replace methane 
with hydrogen in residential and commercial buildings. A 
number of parallel work packages are underway including 
those for the development of domestic appliances and 
meters for demonstration in 2020

Project includes several workstreams that analyse the replacement of methane with 
hydrogen as well as the launch/certification of appliances (for ex boilers/cookers)/
meters that would be compatible with the technology.
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Project name Location Developer Type Usage Benefits
H2Seed - Stornoway 
Hydrogen Refueller

SCOTLAND Outer Hebrides The project introduced demonstrator  hydrogen infrastructure in the Outer Hebrides; 
providing hydrogen from biogas, derived from local waste, to local refuelling stations to 
vehicles and fleet owners, including the Royal Mail. 

HyDeploy ENGLAND University of 
Keele

The UK‘s first practical demonstration of blending hydro-
gen (up to 20%)  into a natural gas network. The first trial 
for 130 homes had been approved and tests had been 
conducted in 2019 and 2020. 

HyDIME SCOTLAND Shapinsay, 
Kirkwall, 
Orkney

Fuel for commercial ferry „HyDIME (Hydrogen Diesel Injection in a Marine Environment) is a 12 month, Innovate 
UK funded project that will use an environmentally friendly form of hydrogen as a fuel 
for a commercial ferry operating between Shapinsay and Kirkwall in Orkney. 
HyDIME aims to make waves in the marine industry by proving the safe integration and 
use of hydrogen on vessels. One of HyDIME’s goals is the design and physical integration 
of a hydrogen injection system on a commercial passenger and vehicle ferry which will 
be the first of its kind worldwide. 
The hydrogen used in the HyDIME project will be cleanly produced from renewable 
energy. Excess energy generated from Orkney’s abundance of wind and tidal power will 
be used to produce hydrogen via electrolysis, resulting in carbon free, ’green’ hydrogen. 
The HyDIME project will provide a stepping stone to accelerate and de-risk future 
hydrogen marine projects and will contribute towards growing the hydrogen economy 
in the UK.“

HyFlyer SCOTLAND Zerovia , EMEC, Intelligent 
Energy

Decarbonise passenger aircraft „The HyFlyer project aims to decarbonise medium range small passenger aircraft by de-
monstrating powertrain technology to replace conventional piston engines in propeller 
aircraft. The conventional powertrain in the aircraft will be replaced with electric motors, 
hydrogen fuel cells and gas storage. 
HyFlyer will demonstrate a phased approach from battery power to hydrogen power, 
integrating the new technology aboard a Piper M-class six-seater aircraft. The aircraft 
will perform initial test flights out of Cranfield and culminate in a 250 – 300 nautical mile 
(NM) demonstration flight out of an airfield in Orkney. 
The project is led by Zeroavia, developers of hydrogen fuel cell powertrain solutions. 
Project partners Intelligent Energy will optimise its high power fuel cell technology for 
application in aviation whilst EMEC Hydrogen, producers of green hydrogen from rene-
wable energy, will supply the hydrogen required for flight tests and develop a mobile 
refuelling platform compatible with the plane. 
The HyFlyer project is supported by the ATI Programme, a joint Government and industry 
investment to maintain and grow the UK’s competitive position in civil aerospace 
design and manufacture. The programme, delivered through a partnership between 
the Aerospace Technology Institute (ATI), Department for Business, Energy & Industrial 
Strategy (BEIS) and Innovate UK, addresses technology, capability and supply chain 
challenges.“

HECTOR project SCOTLAND, 
EUROPE

Fuel-cell garbage trucks NW Europe-oriented project „The HECTOR – Hydrogen Waste Collection Vehicles in North West Europe –  project star-
ted in January of 2019 and will run until 2023. The project will deploy 7 fuel cell garbage 
trucks in 7 cities in 5 countries of North West Europe: Aberdeen (Scotland), the Arnhem 
& Nijmegen region (Netherlands), Brussels (Belgium), Duisburg (Germany), Groningen 
(Netherlands), Herten (Germany) and in the Communauté de communes Touraine Vallée 
de l’Indre (France). The fuel cell garbage trucks will be used in the same way as conven-
tional diesel trucks in 7 different waste management fleets. The project will showcase 
the current technology and the operational viability of the trucks by collecting data and 
important experiences. 
The project, coordinated by the European association HyER (Hydrogen Fuel Cells and 
Electro-Mobility in European Regions), aims to enable a smooth introduction of a 
zero-emission technology in conventional fleets, thereby laying the foundation for 
upscaling and further deployment of fuel cell garbage trucks in the near future. Each 
deployment site will aim to continue the operation of the trucks after the end of the 
project and to gradually replace conventional fuel trucks by fuel cell trucks. The project 
is supported by a €5.5m grant from the INTERREG North West Europe programme. The 
trucks will use existing hydrogen refuelling infrastructure. When possible, the pilot sites 
will use green hydrogen to fuel the trucks, maximising emissions reductions.“

 Hydrogen refuelling station ENGLAND-
SCOTLAND

Sheffield-
Aberdeen

Refuelling Logan Energy have recently funded and installed a public 350bar hydrogen refuelling 
station at their Wallyford facility, Scotland’s Central Belt and the only public refuelling 
station between Sheffield and Aberdeen. 

Hy4Heat ENGLAND Arup, Kiwa Gastec, Progressive 
Energy, Embers and Yo Energy, 
BEIS

A BEIS-funded research initiative to establish if it is techni-
cally possible, safe and convenient to replace methane 
with hydrogen in residential and commercial buildings. A 
number of parallel work packages are underway including 
those for the development of domestic appliances and 
meters for demonstration in 2020

Project includes several workstreams that analyse the replacement of methane with 
hydrogen as well as the launch/certification of appliances (for ex boilers/cookers)/
meters that would be compatible with the technology.
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Project name Location Developer Type Usage Benefits
HyNET Phase I ENGLAND East Irish Sea CCS ( Cadent, Progressive Ener-

gy, CF Fertilisers, Essar, Peel 
and the University of Chester); 
Hydrogen supply (Progressive 
Energy, Essar, Johnson Matthey 
and SNC Lavalin); Industrial 
fuel switching to hydrogen ( 
Progressive Energy, Unilever, 
Pilkington and Essar)Hydrogen 
distribution ( Progressive Ener-
gy and Cadent) 

CCS, hydrogen supply and distribution, blending of 
hydrogen and natural gas, switching from natural gas to 
hydrogen

Cluster of projects targeting CCS, hydrogen supply, hydrogen distribution, fuel 
switching

HyNet has the potential to be a flagship project for the hydrogen economy.  It aims to 
show that hydrogen can be delivered at low cost and would be a significant step towards 
meeting the UK’s climate change commitments. Crucially, it creates the UK’s first CCUS 
infrastructure at low cost, a vital technology to enable substantial decarbonisation in the 
future.

HyNTS UK UK National Grid HyNTS is a programme of work that seeks to identify the 
opportunities and address the challenges that transpor-
ting hydrogen within the National Transmission System 
(NTS) presents. This will unlock the potential of Hydrogen 
to deliver the UK’s 2050 Net Zero targets

Projects include hydrogen injection, blending and deblending. 

HyPER Project ENGLAND Cranfield 
University

Cranfield University, GTI, Doo-
san Babcock

Research Bulk hydrogen by sorbent enhanced steam reforming The HyPER project (Bulk Hydrogen Production by Sorbent Enhanced Steam Reforming) 
will construct a state-of-the-art 1.5 MWth pilot plant at Cranfield University to test an 
innovative hydrogen production technology that substantially reduces greenhouse gas 
emissions.

HySeas III SCOTLAND Orkney, 
Shapinsay 

Sea Surf ‚n‘ Turf, EU World‘s first sea-going passenger ferry fuelled by 
hydrogen

„HYSEAS III will pave the way for the building and launch of the world’s first sea-going 
car and passenger ferry fuelled by hydrogen. The vessel is planned to operate in and 
around Orkney, which is already producing hydrogen in volume from constrained –hence 
otherwise wasted – renewable energy. The current Shapinsay ferry is the chosen route, 
and HYSEAS III will combine with Surf ‘n’ Turf hydrogen project in the Orkney Islands to 
provide  the replacement vessel with a hydrogen fuelling facility. The successful HYSEAS 
III test will allow a vessel to be constructed, in the already assured knowledge that such a 
vessel can operate safely and efficiently around Scotland’s challenging coast. 
The HYSEAS III ferry project is expected to cost around €12.6 million of which €9.3million 
has been awarded by the European Union’s Horizon 2020 research and innovation 
programme    . The vessel’s fuel will be produced from renewable electricity marking a 
paradigm shift towards entirely emissions-free marine transport.“

HySECURE ENGLAND North-West of 
England

INOVYN and Storengy Storage of hydrogen in salt cavern The HySecure project proposes a variable-pressure approach, rather than a variab-
le-volume approach. It will be approximately 10 times larger in volume and will be 
built to the latest modern safety standards.

The facility will be able to store over 1000 tonnes of hydrogen and can offer a significant 
cost reduction relative to above-ground equipment, with storage costs falling well below 
£10 per kg of stored hydrogen (excluding above ground compression/treatment).

HySpirits SCOTLAND Orkney 
Distillery 

Decarbonise distilleries „The HySpirits project has been awarded £148,600 of funding from the Department of 
Business, Energy, and Industrial Strategy (BEIS) to conduct a feasibility study into the 
development of technology to enable The Orkney Distillery to use hydrogen as a fuel to 
decarbonise the distilling process. 
The project aims to investigate the development of a thermal fluid heater system to 
operate with hydrogen as the combustion fuel within the distilling process. This system 
will remove the need to use fossil fuels such as kerosene and liquid petroleum gas (LPG), 
for the process.“

HyTransit Project - Aberdeen 
Hydrogen Busses

SCOTLAND Aberdeen FCH-JU, Aberdeen City 
Council, Stagecoach Holdings, 
Innovate UK

Fuel cell hybrid buses „Four buses are operated in Aberdeen by First group. In addition, 6 fuel cell buses are 
operated by Stagecoach as part of the HyTransit project. The HyTransit and the High 
V.LO-City projects form the Aberdeen Hydrogen Bus Project, part of the H2 Aberdeen 
initiative. 
The project objective was to contribute to the commercialisation of hydrogen buses in 
Europe through the introduction of a fleet of fuel cell hybrid buses in daily fleet services 
as well as a hydrogen production and refuelling infrastructure in Aberdeen. Further-
more, it aimed to demonstrate that a fuel cell bus is capable of meeting the operational 
performance of an equivalent diesel bus on demanding inter-city UK routes considerably 
exceeding its environmental performance 
Currently, the ten hydrogen buses run on two routes in the city, and an integrated 
hydrogen system produces and stores hydrogen produced by on-site electrolysis using 
grid electricity to fuel the bus fleet.  The Aberdeen Hydrogen Bus fleet has clocked up 
one million miles of hydrogen fuelled journeys and carried over a million passengers and 
in 2020 will see an additional 15 new hydrogen buses join the fleet.  
The project is funded by the FCH-JU and also received funding from the following bodies 
on the local and national level: Innovate UK, Aberdeen City Council, Stagecoach Holdings 
Ltd, First Group, Scottish Government, Scottish Enterprise, Scottish Hydro Electric Power 
Distribution, Scotland Gas Network.“

HyTrEc ENGLAND North Sea 
region 

Education forum Undertakes a pilot study looking at accessibility and connecting of exiting hydrogen 
supply chain infrastructure

„The Hydrogen Transport Economy for the North Sea Region (HyTrEc) aims to promote 
and advance the use of hydrogen as an alternative energy vector across all onshore and 
offshore transport modes in the North Sea Region; specifically the project will:  
  Establish a North Sea Hydrogen Transport Stakeholder Group to develop strategies 

and initiatives for hydrogen usage, 
  Undertake a transnational pilot study looking at the accessibility and connectivity of 

existing hydrogen corridors and hydrogen supply chain infrastructure development. 
  Pilot hydrogen technologies 
  Develop a North Sea Region education forum„
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Project name Location Developer Type Usage Benefits
HyNET Phase I ENGLAND East Irish Sea CCS ( Cadent, Progressive Ener-

gy, CF Fertilisers, Essar, Peel 
and the University of Chester); 
Hydrogen supply (Progressive 
Energy, Essar, Johnson Matthey 
and SNC Lavalin); Industrial 
fuel switching to hydrogen ( 
Progressive Energy, Unilever, 
Pilkington and Essar)Hydrogen 
distribution ( Progressive Ener-
gy and Cadent) 

CCS, hydrogen supply and distribution, blending of 
hydrogen and natural gas, switching from natural gas to 
hydrogen

Cluster of projects targeting CCS, hydrogen supply, hydrogen distribution, fuel 
switching

HyNet has the potential to be a flagship project for the hydrogen economy.  It aims to 
show that hydrogen can be delivered at low cost and would be a significant step towards 
meeting the UK’s climate change commitments. Crucially, it creates the UK’s first CCUS 
infrastructure at low cost, a vital technology to enable substantial decarbonisation in the 
future.

HyNTS UK UK National Grid HyNTS is a programme of work that seeks to identify the 
opportunities and address the challenges that transpor-
ting hydrogen within the National Transmission System 
(NTS) presents. This will unlock the potential of Hydrogen 
to deliver the UK’s 2050 Net Zero targets

Projects include hydrogen injection, blending and deblending. 

HyPER Project ENGLAND Cranfield 
University

Cranfield University, GTI, Doo-
san Babcock

Research Bulk hydrogen by sorbent enhanced steam reforming The HyPER project (Bulk Hydrogen Production by Sorbent Enhanced Steam Reforming) 
will construct a state-of-the-art 1.5 MWth pilot plant at Cranfield University to test an 
innovative hydrogen production technology that substantially reduces greenhouse gas 
emissions.

HySeas III SCOTLAND Orkney, 
Shapinsay 

Sea Surf ‚n‘ Turf, EU World‘s first sea-going passenger ferry fuelled by 
hydrogen

„HYSEAS III will pave the way for the building and launch of the world’s first sea-going 
car and passenger ferry fuelled by hydrogen. The vessel is planned to operate in and 
around Orkney, which is already producing hydrogen in volume from constrained –hence 
otherwise wasted – renewable energy. The current Shapinsay ferry is the chosen route, 
and HYSEAS III will combine with Surf ‘n’ Turf hydrogen project in the Orkney Islands to 
provide  the replacement vessel with a hydrogen fuelling facility. The successful HYSEAS 
III test will allow a vessel to be constructed, in the already assured knowledge that such a 
vessel can operate safely and efficiently around Scotland’s challenging coast. 
The HYSEAS III ferry project is expected to cost around €12.6 million of which €9.3million 
has been awarded by the European Union’s Horizon 2020 research and innovation 
programme    . The vessel’s fuel will be produced from renewable electricity marking a 
paradigm shift towards entirely emissions-free marine transport.“

HySECURE ENGLAND North-West of 
England

INOVYN and Storengy Storage of hydrogen in salt cavern The HySecure project proposes a variable-pressure approach, rather than a variab-
le-volume approach. It will be approximately 10 times larger in volume and will be 
built to the latest modern safety standards.

The facility will be able to store over 1000 tonnes of hydrogen and can offer a significant 
cost reduction relative to above-ground equipment, with storage costs falling well below 
£10 per kg of stored hydrogen (excluding above ground compression/treatment).

HySpirits SCOTLAND Orkney 
Distillery 

Decarbonise distilleries „The HySpirits project has been awarded £148,600 of funding from the Department of 
Business, Energy, and Industrial Strategy (BEIS) to conduct a feasibility study into the 
development of technology to enable The Orkney Distillery to use hydrogen as a fuel to 
decarbonise the distilling process. 
The project aims to investigate the development of a thermal fluid heater system to 
operate with hydrogen as the combustion fuel within the distilling process. This system 
will remove the need to use fossil fuels such as kerosene and liquid petroleum gas (LPG), 
for the process.“

HyTransit Project - Aberdeen 
Hydrogen Busses

SCOTLAND Aberdeen FCH-JU, Aberdeen City 
Council, Stagecoach Holdings, 
Innovate UK

Fuel cell hybrid buses „Four buses are operated in Aberdeen by First group. In addition, 6 fuel cell buses are 
operated by Stagecoach as part of the HyTransit project. The HyTransit and the High 
V.LO-City projects form the Aberdeen Hydrogen Bus Project, part of the H2 Aberdeen 
initiative. 
The project objective was to contribute to the commercialisation of hydrogen buses in 
Europe through the introduction of a fleet of fuel cell hybrid buses in daily fleet services 
as well as a hydrogen production and refuelling infrastructure in Aberdeen. Further-
more, it aimed to demonstrate that a fuel cell bus is capable of meeting the operational 
performance of an equivalent diesel bus on demanding inter-city UK routes considerably 
exceeding its environmental performance 
Currently, the ten hydrogen buses run on two routes in the city, and an integrated 
hydrogen system produces and stores hydrogen produced by on-site electrolysis using 
grid electricity to fuel the bus fleet.  The Aberdeen Hydrogen Bus fleet has clocked up 
one million miles of hydrogen fuelled journeys and carried over a million passengers and 
in 2020 will see an additional 15 new hydrogen buses join the fleet.  
The project is funded by the FCH-JU and also received funding from the following bodies 
on the local and national level: Innovate UK, Aberdeen City Council, Stagecoach Holdings 
Ltd, First Group, Scottish Government, Scottish Enterprise, Scottish Hydro Electric Power 
Distribution, Scotland Gas Network.“

HyTrEc ENGLAND North Sea 
region 

Education forum Undertakes a pilot study looking at accessibility and connecting of exiting hydrogen 
supply chain infrastructure

„The Hydrogen Transport Economy for the North Sea Region (HyTrEc) aims to promote 
and advance the use of hydrogen as an alternative energy vector across all onshore and 
offshore transport modes in the North Sea Region; specifically the project will:  
  Establish a North Sea Hydrogen Transport Stakeholder Group to develop strategies 

and initiatives for hydrogen usage, 
  Undertake a transnational pilot study looking at the accessibility and connectivity of 

existing hydrogen corridors and hydrogen supply chain infrastructure development. 
  Pilot hydrogen technologies 
  Develop a North Sea Region education forum„
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Project name Location Developer Type Usage Benefits
ITEG - Integrating Tidal Ener-
gy into the European Grid

EUROPE NW Europe-ori-
ented

EMEC, ERDF, AREVA, H2Gen 
electrolyser

Clean predictable energy NW Europe-oriented project „An €11 million Interreg North-West Europe (NWE) project has been launched in Orkney 
to develop an all-in-one solution for the generation of clean predictable energy, grid 
management, and the production of hydrogen from excess capacity. Led by the European 
Marine Energy Centre (EMEC) in Orkney, the €11m Integrating Tidal Energy into the Eu-
ropean Grid (ITEG) project brings together partners from across the UK, France, Belgium 
and the Netherlands to address energy-related carbon emissions in North-West Europe 
and tackle grid export limitations faced in remote areas such as Orkney.  
Funded by the Interreg NWE programme, part of the ERDF (European Regional Develop-
ment Fund), the project will deliver an onshore energy management system at EMEC’s 
Fall of Warness tidal test site, off the northern Orkney island of Eday. This will support 
the production of hydrogen using an AREVA H2Gen electrolyser, the first to be deployed 
in the UK, which will be powered by Orbital‘s next generation 2 MW floating tidal energy 
converter, the Orbital O2 2MW.“

JIVE 2 - Dundee Hydrogen 
Transport

SCOTLAND Dundee, Scot-
land

EU-funded project Fuel cell buses 14 European cities „The City of Dundee is participating in an EU project which has received a €25million 
grant to deploy 152 hydrogen fuel cell buses across 14 European cities in the drive to 
decarbonise European cities. The fleet of buses is being funded by the Fuel Cells and Hy-
drogen Joint Undertaking (FCH JU) through a European clean air project called the Joint 
Initiative for Hydrogen Vehicles Across Europe (JIVE 2). 
Following on from Aberdeen‘s participation in JIVE, the further deployment of 10 fuel 
cell buses in Dundee through JIVE 2, brings the total hydrogen buses in Scotland to 20. 
Dundee will be deploying 12 hydrogen fuel cell electric buses.“

KEW projects WALES, 
ENGLAND

South Wales, 
North-West 
of England, 
West Midlands

UK Government, Vale, 
University of Birmighham 

Production of hydrogen through gasification and purifica-
tion by making use of energy contained in residual waste 
and biomass.

KEW has developed advanced gasification technology which converts a wide-range 
of feedstocks into a clean hydrogen-rich syngas which can be further purified to sup-
ply bulk hydrogen. This technology is incorporated in KEW’s first of a kind demonst-
ration plant at the Sustainable Energy Centre (SEC) in Wednesbury, which initially will 
consume the syngas in a high-efficiency engine to produce electricity.

KEW’s vision is to deliver decentralised low-carbon energy solutions in modular units 
that can be rapidly deployed in embedded applications.

Levenmouth Community 
Project

SCOTLAND Levenmouth, 
Fife

Fife Council Hydrogen vehicles Fife Council This project is located at the Hydrogen Office in Methil and combines smart hydrogen 
management and the deployment of up to 25 hydrogen vehicles  - a mix of hydrogen/
electric and diesel/hydrogen hybrid vehicles, which are being leased commercially.  
There are also hybrid diesel/hydrogen refuse trucks as part of the project, which will 
be operated by Fife Council.  There are 2 refuelling points on the site and a hydrogen 
dispenser planned for Fife Council’s Bankhead depot and fuel the largest fleet of hy-
drogen-powered vehicles in the UK. Hydrogen will also be used to provide the business 
park with electricity through a private wire network when there is little or no wind/solar 
power available thus reducing strain on the grid. The project currently not operating but 
could form part of the SGN Methilltoun project.

Methiltounne SCOTLAND In conjuction 
with H100

BEIS Supply domestic heating Project Methilltoune, in collaboration with project H100, sought to demonstrate that 
green hydrogen produced using electricity from a wind turbine can be used to supply 
domestic heating. The project examined how the electricity from a 7MW wind turbine 
in Levemouth in Fife, could be used to generate hydrogen from water via electrolysis. 
This hydrogen would then supply homes which would be converted to using 100% hy-
drogen in the nearby town of Methil. This would be the first whole system trial of green 
hydrogen for domestic heating supply in the world. In the first round of the Hydrogen 
Supply Programme funding, the project received over £400k from BEIS, however was 
unsuccessful in the second round.

Project Cavendish ENGLAND A project that uses the existing gas infrastructure on 
the Isle of Grain, Kent, to test the potential of rolling out 
large-scale hydrogen injections in London and the south-
east part of England 

Promoting Unst Renewable 
Energy (PURE)

SCOTLAND Isle of Unst, 
Shetland

Refuelling for local vehicles On the Ilse of Unst, Sheltand in 2005, an off-grid community hydrogen system was 
introduced comprising of a green hydrogen production plant with storage and transport 
refuelling infrastructure for local vehicles. 

OHLEH - Outer Hebrides Local 
Energy Hub

SCOTLAND Stornoway, 
Hebrides

Develop local supply chains for electricity and hydrogen „The OHLEH aims to deliver renewable power, heat, and transport to the local commu-
nity by using new and existing hydrogen-generation infrastructure to release additional 
renewable energy generation capacity at two key sites in the vicinity of Stornoway that 
are presently constrained by grid capacity issues.  This project aims to increase energy 
recovery from a waste management site and the added value that this creates to 
Demonstrate the use of two hydrogen CHP technologies (fuel cell and internal combus-
tion engine) for optimising the economics of hydrogen use and minimising electricity 
network impacts 
Demonstrate the use of hydrogen for transport fuel for light vehicles and buses 
Develop the local supply chains and skills required to generate, transport and use local 
electricity and hydrogen 
Further feasibility work during phase 1 will ensure that the phase 2 project will deploy 
hydrogen technologies at the most appropriate scale for the technology readiness levels 
and for the island’s needs, minimising risk by phased development.“

Orkney Surf ‚n‘Turf SCOTLAND Kirkwall, 
Orkney

EMEC, Community Energy 
Scotland, ITM Power, Eday 
Renewable Energy, Orkney 
Islands Council

Convert and store energy as hydrogen Generates hydrogen in electrolyser on Eday and shipped to Kirkwall via Orkney 
Ferries

Hydrogen to be used for shipping and for electricity generation. 
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Project name Location Developer Type Usage Benefits
ITEG - Integrating Tidal Ener-
gy into the European Grid

EUROPE NW Europe-ori-
ented

EMEC, ERDF, AREVA, H2Gen 
electrolyser

Clean predictable energy NW Europe-oriented project „An €11 million Interreg North-West Europe (NWE) project has been launched in Orkney 
to develop an all-in-one solution for the generation of clean predictable energy, grid 
management, and the production of hydrogen from excess capacity. Led by the European 
Marine Energy Centre (EMEC) in Orkney, the €11m Integrating Tidal Energy into the Eu-
ropean Grid (ITEG) project brings together partners from across the UK, France, Belgium 
and the Netherlands to address energy-related carbon emissions in North-West Europe 
and tackle grid export limitations faced in remote areas such as Orkney.  
Funded by the Interreg NWE programme, part of the ERDF (European Regional Develop-
ment Fund), the project will deliver an onshore energy management system at EMEC’s 
Fall of Warness tidal test site, off the northern Orkney island of Eday. This will support 
the production of hydrogen using an AREVA H2Gen electrolyser, the first to be deployed 
in the UK, which will be powered by Orbital‘s next generation 2 MW floating tidal energy 
converter, the Orbital O2 2MW.“

JIVE 2 - Dundee Hydrogen 
Transport

SCOTLAND Dundee, Scot-
land

EU-funded project Fuel cell buses 14 European cities „The City of Dundee is participating in an EU project which has received a €25million 
grant to deploy 152 hydrogen fuel cell buses across 14 European cities in the drive to 
decarbonise European cities. The fleet of buses is being funded by the Fuel Cells and Hy-
drogen Joint Undertaking (FCH JU) through a European clean air project called the Joint 
Initiative for Hydrogen Vehicles Across Europe (JIVE 2). 
Following on from Aberdeen‘s participation in JIVE, the further deployment of 10 fuel 
cell buses in Dundee through JIVE 2, brings the total hydrogen buses in Scotland to 20. 
Dundee will be deploying 12 hydrogen fuel cell electric buses.“

KEW projects WALES, 
ENGLAND

South Wales, 
North-West 
of England, 
West Midlands

UK Government, Vale, 
University of Birmighham 

Production of hydrogen through gasification and purifica-
tion by making use of energy contained in residual waste 
and biomass.

KEW has developed advanced gasification technology which converts a wide-range 
of feedstocks into a clean hydrogen-rich syngas which can be further purified to sup-
ply bulk hydrogen. This technology is incorporated in KEW’s first of a kind demonst-
ration plant at the Sustainable Energy Centre (SEC) in Wednesbury, which initially will 
consume the syngas in a high-efficiency engine to produce electricity.

KEW’s vision is to deliver decentralised low-carbon energy solutions in modular units 
that can be rapidly deployed in embedded applications.

Levenmouth Community 
Project

SCOTLAND Levenmouth, 
Fife

Fife Council Hydrogen vehicles Fife Council This project is located at the Hydrogen Office in Methil and combines smart hydrogen 
management and the deployment of up to 25 hydrogen vehicles  - a mix of hydrogen/
electric and diesel/hydrogen hybrid vehicles, which are being leased commercially.  
There are also hybrid diesel/hydrogen refuse trucks as part of the project, which will 
be operated by Fife Council.  There are 2 refuelling points on the site and a hydrogen 
dispenser planned for Fife Council’s Bankhead depot and fuel the largest fleet of hy-
drogen-powered vehicles in the UK. Hydrogen will also be used to provide the business 
park with electricity through a private wire network when there is little or no wind/solar 
power available thus reducing strain on the grid. The project currently not operating but 
could form part of the SGN Methilltoun project.

Methiltounne SCOTLAND In conjuction 
with H100

BEIS Supply domestic heating Project Methilltoune, in collaboration with project H100, sought to demonstrate that 
green hydrogen produced using electricity from a wind turbine can be used to supply 
domestic heating. The project examined how the electricity from a 7MW wind turbine 
in Levemouth in Fife, could be used to generate hydrogen from water via electrolysis. 
This hydrogen would then supply homes which would be converted to using 100% hy-
drogen in the nearby town of Methil. This would be the first whole system trial of green 
hydrogen for domestic heating supply in the world. In the first round of the Hydrogen 
Supply Programme funding, the project received over £400k from BEIS, however was 
unsuccessful in the second round.

Project Cavendish ENGLAND A project that uses the existing gas infrastructure on 
the Isle of Grain, Kent, to test the potential of rolling out 
large-scale hydrogen injections in London and the south-
east part of England 

Promoting Unst Renewable 
Energy (PURE)

SCOTLAND Isle of Unst, 
Shetland

Refuelling for local vehicles On the Ilse of Unst, Sheltand in 2005, an off-grid community hydrogen system was 
introduced comprising of a green hydrogen production plant with storage and transport 
refuelling infrastructure for local vehicles. 

OHLEH - Outer Hebrides Local 
Energy Hub

SCOTLAND Stornoway, 
Hebrides

Develop local supply chains for electricity and hydrogen „The OHLEH aims to deliver renewable power, heat, and transport to the local commu-
nity by using new and existing hydrogen-generation infrastructure to release additional 
renewable energy generation capacity at two key sites in the vicinity of Stornoway that 
are presently constrained by grid capacity issues.  This project aims to increase energy 
recovery from a waste management site and the added value that this creates to 
Demonstrate the use of two hydrogen CHP technologies (fuel cell and internal combus-
tion engine) for optimising the economics of hydrogen use and minimising electricity 
network impacts 
Demonstrate the use of hydrogen for transport fuel for light vehicles and buses 
Develop the local supply chains and skills required to generate, transport and use local 
electricity and hydrogen 
Further feasibility work during phase 1 will ensure that the phase 2 project will deploy 
hydrogen technologies at the most appropriate scale for the technology readiness levels 
and for the island’s needs, minimising risk by phased development.“

Orkney Surf ‚n‘Turf SCOTLAND Kirkwall, 
Orkney

EMEC, Community Energy 
Scotland, ITM Power, Eday 
Renewable Energy, Orkney 
Islands Council

Convert and store energy as hydrogen Generates hydrogen in electrolyser on Eday and shipped to Kirkwall via Orkney 
Ferries

Hydrogen to be used for shipping and for electricity generation. 
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Project name Location Developer Type Usage Benefits
ReFLEX 
(Responsive Flexibility) 
Project

SCOTLAND Orkney, Scot-
land 

EMEC, Solo Energy, Aquatera, 
Community Energy Scotland, 
Heriot-Watt University, 
Doosan Babcock

Batteries, vehicles, fuel cells Project aims to digitally link distributed intermittent renewable generation to flexible 
demand, interlinking local electricity, transport, heat networks into one system

„Led by the European Marine Energy Centre (EMEC), the ReFLEX Orkney project brings 
together an expert consortium of Orkney-based partners – Solo Energy, Aquatera, Com-
munity Energy Scotland, Heriot-Watt University and Orkney Islands Council – as well as 
multi-national energy company Doosan Babcock. 
The ReFLEX (Responsive Flexibility) Orkney project builds on recent projects in the 
Orkney Islands, including Surf ‘n’ Turf and BIGHIT. ReFLEX has been launched to digitally 
link distributed and intermittent renewable generation to flexible demand, and will 
demonstrate a first-of-its-kind Virtual Energy System (VES) interlinking local electricity, 
transport, and heat networks into one controllable, overarching system. It aims to create 
a ‘smart energy island’, demonstrating the energy system of the future, which will reduce 
and eventually eliminate the need for fossil fuels. 
Electricity, transport and heat powered by local renewable energy generation, will be 
coupled with flexible energy demand balancing the intermittency of renewables. At the 
heart of the project is the demonstration of flexible energy balancing technologies.  
For example, the project aims to deploy: 
  Up to 500 domestic batteries;
  Up to 100 business and large-scale batteries;
  Up to 200 Vehicle-to-Grid (V2G) chargers;
  Up to 600 new electrical vehicles (EVs);
  An island community-powered electric bus and e-bike integrated transport system;
  Up to 100 flexible heating systems; and
  A Doosan industrial-scale hydrogen fuel cell.
Solo Energy will implement their FlexiGrid software platform enabling smart monitoring 
and control of the flexible technologies to charge during periods of peak local renewable 
generation, and release stored energy during times of peak demand.“

Seafuel Initiative EUROPE Europe Logan Energy, EU Hydrogen production and refuelling in Tenerife, Spain. 
Logan Energy is also active in Germany

Logan Energy will design and build a hydrogen production and refueling station 
which uses renewable resources. More specifically, the renewable resource that will 
be used for the Seafuel project are solar-generation electricity, which will transform 
seawater into hydrogen, to fuel local transport on Tenerife

SWIFTH2 SCOTLAND Scottish 
Western Isles

Scottish government Production of Hydrogen through electrolysis to power 
ferries

The Scottish Western Isles Ferry Transport using Hydrogen (SWIFTH2) project is exploring 
the usage of  green hydrogen through electrolysis to power two ferry routes. Following 
production using wind generation, the hydrogen would be stored and then used as ma-
rine fuel for the local ferries. Scope of the project so far has been a high level feasibility 
study considering suitable ferry routes and location for the onshore wind farm. The feasi-
bility study has been supported by funding from the Scottish Government’s Low Carbon 
Infrastructure Transition Programme (LCITP).

The Hydrogen Office SCOTLAND „Opened in 2011, a demonstration facility in Methil aimed to promote awareness of 
renewable energy and energy efficiency by showcasing how potential energy systems 
could be introduced for offices. The system for the office included a 750kW wind turbine, 
30kW electrolyser, 5kW hydrogen boiler, 10kW hydrogen fuel cell and geothermal source 
heat pump.  
To support the project, €600,000 was received from the EU’s European Regional De-
velopment Fund. „

The Hydrogen Offshore 
Project

SCOTLAND North Sea Working in conjuction with North Sea oil and gas infrastructure to deploy low-carbon 
projects

„The Hydrogen Offshore Project (HOP) is exploring how existing North Sea oil and gas 
infrastructure in the Orkney islands could be used to deploy a low carbon hydrogen  
demonstration project using the Flotta Oil Terminal. So far, the project has considered 
how a variety of hydrogen production technologies could be suitable in an offshore set-
ting that would sit at the heart of an Orkney Hydrogen Hub, specifically Steam Methane 
Reforming (with CCUS), Gas-to-Graphene, PEM Electrolyser and Alkaline Electrolyser. 
The project is currently investigating viable technology solutions and business cases 
whilst also developing a test site.  
For the feasibility study, the project received £500k in funding the first round from the 
UK Government’s Hydrogen Supply Programme but was unsuccessful in the second 
round and is now investigating alternative funding routes to support testing. „
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Project name Location Developer Type Usage Benefits
ReFLEX 
(Responsive Flexibility) 
Project

SCOTLAND Orkney, Scot-
land 

EMEC, Solo Energy, Aquatera, 
Community Energy Scotland, 
Heriot-Watt University, 
Doosan Babcock

Batteries, vehicles, fuel cells Project aims to digitally link distributed intermittent renewable generation to flexible 
demand, interlinking local electricity, transport, heat networks into one system

„Led by the European Marine Energy Centre (EMEC), the ReFLEX Orkney project brings 
together an expert consortium of Orkney-based partners – Solo Energy, Aquatera, Com-
munity Energy Scotland, Heriot-Watt University and Orkney Islands Council – as well as 
multi-national energy company Doosan Babcock. 
The ReFLEX (Responsive Flexibility) Orkney project builds on recent projects in the 
Orkney Islands, including Surf ‘n’ Turf and BIGHIT. ReFLEX has been launched to digitally 
link distributed and intermittent renewable generation to flexible demand, and will 
demonstrate a first-of-its-kind Virtual Energy System (VES) interlinking local electricity, 
transport, and heat networks into one controllable, overarching system. It aims to create 
a ‘smart energy island’, demonstrating the energy system of the future, which will reduce 
and eventually eliminate the need for fossil fuels. 
Electricity, transport and heat powered by local renewable energy generation, will be 
coupled with flexible energy demand balancing the intermittency of renewables. At the 
heart of the project is the demonstration of flexible energy balancing technologies.  
For example, the project aims to deploy: 
  Up to 500 domestic batteries;
  Up to 100 business and large-scale batteries;
  Up to 200 Vehicle-to-Grid (V2G) chargers;
  Up to 600 new electrical vehicles (EVs);
  An island community-powered electric bus and e-bike integrated transport system;
  Up to 100 flexible heating systems; and
  A Doosan industrial-scale hydrogen fuel cell.
Solo Energy will implement their FlexiGrid software platform enabling smart monitoring 
and control of the flexible technologies to charge during periods of peak local renewable 
generation, and release stored energy during times of peak demand.“

Seafuel Initiative EUROPE Europe Logan Energy, EU Hydrogen production and refuelling in Tenerife, Spain. 
Logan Energy is also active in Germany

Logan Energy will design and build a hydrogen production and refueling station 
which uses renewable resources. More specifically, the renewable resource that will 
be used for the Seafuel project are solar-generation electricity, which will transform 
seawater into hydrogen, to fuel local transport on Tenerife

SWIFTH2 SCOTLAND Scottish 
Western Isles

Scottish government Production of Hydrogen through electrolysis to power 
ferries

The Scottish Western Isles Ferry Transport using Hydrogen (SWIFTH2) project is exploring 
the usage of  green hydrogen through electrolysis to power two ferry routes. Following 
production using wind generation, the hydrogen would be stored and then used as ma-
rine fuel for the local ferries. Scope of the project so far has been a high level feasibility 
study considering suitable ferry routes and location for the onshore wind farm. The feasi-
bility study has been supported by funding from the Scottish Government’s Low Carbon 
Infrastructure Transition Programme (LCITP).

The Hydrogen Office SCOTLAND „Opened in 2011, a demonstration facility in Methil aimed to promote awareness of 
renewable energy and energy efficiency by showcasing how potential energy systems 
could be introduced for offices. The system for the office included a 750kW wind turbine, 
30kW electrolyser, 5kW hydrogen boiler, 10kW hydrogen fuel cell and geothermal source 
heat pump.  
To support the project, €600,000 was received from the EU’s European Regional De-
velopment Fund. „

The Hydrogen Offshore 
Project

SCOTLAND North Sea Working in conjuction with North Sea oil and gas infrastructure to deploy low-carbon 
projects

„The Hydrogen Offshore Project (HOP) is exploring how existing North Sea oil and gas 
infrastructure in the Orkney islands could be used to deploy a low carbon hydrogen  
demonstration project using the Flotta Oil Terminal. So far, the project has considered 
how a variety of hydrogen production technologies could be suitable in an offshore set-
ting that would sit at the heart of an Orkney Hydrogen Hub, specifically Steam Methane 
Reforming (with CCUS), Gas-to-Graphene, PEM Electrolyser and Alkaline Electrolyser. 
The project is currently investigating viable technology solutions and business cases 
whilst also developing a test site.  
For the feasibility study, the project received £500k in funding the first round from the 
UK Government’s Hydrogen Supply Programme but was unsuccessful in the second 
round and is now investigating alternative funding routes to support testing. „
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