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Foreword 
The timelines and claims made within this document pertain to forecasts made prior 
to the coronavirus pandemic. ICIS will therefore seek to update timelines in discussion 
with project developers and governments as part of its ongoing decarbonised gas 
whitepaper series. 

Introduction
In 2019, British demand for carbon-emitting natural gas totalled 83.9 billion cubic 
metres (bcm), roughly 927TWh. However, the UK government’s June 2019 commitment 
to achieve net-zero emissions by 2050 has called into question the outlook for natural 
gas without an overhaul of the network. 

One such pathway to decarbonisation is the gradual phasing out of natural gas in 
favour of hydrogen, which at the point of use emits zero carbon and can use the 
existing gas infrastructure. 

Despite hydrogen’s universal abundance, it rarely occurs as an individual molecule and 
requires separating. However, not all hydrogen is created equal. Due to the absence 
of low-carbon technology, annual global hydrogen production in 2018 caused more 
emissions than the UK and Indonesia combined. 

Two options for hydrogen production present viable ways to avoid this, namely ‘Blue’ 
hydrogen, generated from steam or autothermal reforming of methane, coupled 
with carbon capture and storage (CCS), and ‘Green’ hydrogen, created by separating 
oxygen and hydrogen from water using electrolysis. 

Looking towards a society that has achieved net-zero emissions, the Energy Networks 
Association (ENA), which represents transmission and distribution network operators 
for gas and electricity in the UK and Ireland, commissioned a report by Navigant that 
developed two scenarios for the decarbonisation of the UK’s energy system by 2050. 

One is known as the ‘Balanced Scenario’, in which low-carbon gases are used in 
conjunction with low-carbon electricity. The other is known as the ‘Electrified scenario’ 
where the majority of energy needs are met with electricity and decarbonised 
gases are limited largely to use in industrial processes and as a feedstock for power 
generation. 
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Types of hydrogen and efficiency rates
Process Emissions kgCO2/kgH2 Efficiency 

Grey Natural gas reforming Unabated 8.9 76%
Blue Natural gas reforming with CCS Reduced by up to 97% with CCS* 1 69%
Green Water electrolysis, powered by renewables None at point of production 0 64%
 Source for emissions rates and efficiency: International Energy Agency, The Future of Hydrogen, 2019. *Based on Johnson Matthey technology referenced in this paper.

927TWh.
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In the balanced scenario hydrogen supplies 236TWh of total gas demand in 2050. 
Importantly, the ENA states that demand for gas could drop by approximately 50% 
from today’s levels in this scenario. According to these projections, hydrogen would 
supply 55% of total gas demand, bolstered primarily with biomethane.    

The balanced scenario would also achieve a 12% cost reduction over the electrified by 
2050, through re-purposing the majority of existing gas grid infrastructure, rather than 
conducting a large-scale expansion of the electricity network. Under this projection, 
total annual savings by 2050 would amount to £13bn per year.  

The ENA’s balanced scenario also indicates blue hydrogen would account for 149TWh/
year, or 63%, of the hydrogen supply mix by 2050. 

The latter scenario assumes a substantial building out of CCS infrastructure, a goal 
which the Committee on Climate Change (CCC), an independent advisory body to 
government, also regards as essential to meet the UK’s net-zero emissions target for 
2050.

The focus on the UK’s industrial clusters
Several industrial clusters across the country have been exploring the initial phases 
for co-locating CCS and hydrogen production facilities in order to establish a reliable 
supply of blue hydrogen. 

The concentration of businesses and operations within industrial clusters offers a 
means of integrating energy system changes and ensuring wide-scale adoption on a 
closed network away from the consumer grid. 

UK industry currently accounts for around 5% of total gas consumption but makes an 
outsized contribution to emissions. According to the Department for Business, Energy 
and Industrial Strategy, industrial processes and business accounted for 20.8% of the 
UK’s CO2 emissions in 2008. 

The importance of these clusters goes beyond offsetting however, as they lay 
the foundations for the large-scale production of low-carbon hydrogen and 
decarbonisation.  

The industrial clusters earmarked for blue hydrogen also 
have access to large proportions of the UK gas supply.  The 
UK is also home to almost 600 potential storage sites for 
carbon emissions, which can hold 78GtCO2, 200 years’ 
worth of UK emissions based on 2018 levels. A great many of 
these sites are accessible via existing pipeline infrastructure, 
either or currently or formerly used to transport oil and 
gas from the North and Irish seas. Transporting captured 
emissions would therefore be a process of repurposing 
these pipes, rather than building new ones. 

The obstacle such pioneering projects ultimately face 
is cost. The International Energy Agency forecasts 
adding a CCS unit to a hydrogen production facility 
would increase capital expenditure of a project by up 
to 50%. Creating hydrogen via SMR requires 30-40% 
of the methane to be combusted to fuel the process of 
production. Lastly, compressing, transporting and then 
storing the captured CO2 incurs further costs. 

In the balanced scenario 
hydrogen supplies 236TWh 

of total gas demand in 2050. 
Importantly, the ENA states 
that demand for gas could 
drop by approximately 50% 

from today’s levels in this 
scenario. 
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The International Energy 
Agency forecasts adding 
a CCS unit to a hydrogen 
production facility would 

increase capital expenditure 
of a project by up to 50%.

These hurdles make it prohibitively expensive for private investors without regulatory 
support, particularly while natural gas prices at the point of use are the lowest they 
have been for over a decade. 

The March 2020 budget and goals for 2030 
The issue of cost has been acknowledged in the most recent budget announcement. 
On 11 March 2020 the UK government announced a CCS Infrastructure Fund of at 
least £800m to help establish at least two CCS systems within the UK by 2030, with 
one operational by the mid-2020s. The government added it would support the 
development of a CCS-enabled power station by 2030. 

The Chancellor of the Exchequer referenced four industrial areas as example 
candidates to receive the funding. These were Merseyside, Teesside, St Fergus and 
Humberside. All four areas are home to CCS projects which aim to be operational 
before or by 2030. 

These clusters, and others like them, hold the key to decarbonising large areas of 
industry, but their success contributes to wider areas of the country, into the consumer 
and power sectors. 

HyNet
Situated in the northwest of England, the HyNet project spans Liverpool, Manchester 
and parts of Cheshire. Project developer Progressive Energy has partnered with 
specialist chemical firm Johnson Matthey, whose Low Carbon Hydrogen (LCH) 
production technology would form the basis for a hydrogen facility. 

Progressive Energy is also working with transmission system operator (TSO) Cadent, 
with regard to operation of the hydrogen distribution network. CO2 will be transported 
and stored in the Liverpool Bay oil and gas fields.

In February 2020, HyNet became one of five hydrogen projects to successfully receive 
additional funding from the government’s Hydrogen Supply Competition. 

Key blue hydrogen or CCS projects in the UK
Project Location Project leaders Other stakeholders Projected first 

hydrogen production
Potential hydrogen 
production by 2025 

Projected first 
CCS online

HyNet Merseyside Progressive 
Energy

SNC-Lavalin, Johnson 
Matthey, Essar Oil, ENI, 
Cadent

2025 At least 3TWh/year 2025

Zero Carbon 
Humber

Humberside Drax Equinor, National Grid 
Ventures

2028-2040 Test facility to be 
delivered by 2025

2027

Acorn St Fergus Pale Blue Dot Chrysaor, Shell, Total, UK 
and Scottish Government 

2024* Unspecified 2024

Net Zero 
Teesside

Teesside Oil and Gas 
Climate Initiative 
(OGCI)

BP, ENI, Equinor, Shell, Total Currently 50% of 
the UK's hydrogen 
production is located 
at Teesside

1GW Mid-2020s

Cavendish Isle of 
Grain LNG 
Terminal

National Grid ARUP, Cadent, SGN Awaiting publication of feasibility studies and roadmaps

Zero Carbon 
South 
Wales 2050 
"Zero2050"

South Wales National Grid, 
ARUP, Wales and 
West Utilities and 
Western Power 
Distrobution

CR Plus, Regen, 
Progressive Energy, BMT 
Defence, Cardiff University, 
Digital Engineering, Burns 
and McDonnell

Awaiting publication of feasibility studies and roadmaps

Sources: Pale Blue Dot, Acorn.au, Progressive Energy, Drax, National Grid, Net Zero Teesside.
Note: Projects Cavendish and Zero2050 are currently in early stages of development and are still establishing timelines and final project outlooks. Both were projected to complete 
initial research around March 2020. As both have access to the abundance of LNG supply which arrives in the UK each year, both would be well-positioned for blue hydrogen pro-
duction to Wales and the south of England. *Information based on research completed as part of ACT Acorn which represents current thinking as of December 2018. Thinking and 
timescales have evolved since publication of the report and could therefore be different.
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The awarded £7.5m will help develop a full Front-End Engineering and Design (FEED) 
study and consenting packaging such that HyNet is ready for construction or to be 
‘shovel ready’ by spring 2021. 

The first LCH line has a forecast capacity of at least 100k normal cubic metres (Nm3)/hr 
of hydrogen, roughly 3TWh/year, while capturing 97% of the CO2 from the process. The 
hydrogen will be used for fuel switching an increasing number of industrial users, from 
glass manufacturing to food and chemicals producers, with an initial-emissions saving 
potential of up to 4MtCO2/year. 

Alongside supply to industry, hydrogen would also be blended into the gas distribution 
network, initially supplying around two million customers in the northwest, mixing 20% 
hydrogen with methane without the need to change boilers or cookers in homes. 

The Liverpool Bay oil and gas fields are located just 24km offshore and a large amount 
of the existing pipeline and topside infrastructure could be repurposed, significantly 
reducing the costs of the project. This would otherwise require decommissioning in the 
early 2020s. 

Consenting of the CO2 and hydrogen pipeline infrastructure is now underway which, 
according to Progressive Energy, would enable a final investment decision (FID) on the 
project by spring 2022. 

The HyNet project is well 
positioned for hydrogen 
storage in specially 
constructed caverns in the 
nearby Cheshire salt basin 
to help manage peaks in 
demand, particularly from 
flexible power generation. 
Natural gas is already 
stored in Cheshire at a 
range of sites operated 
by Storengy, Cadent 
and others, located on 
land owned by chemical 
firm INEOS. According 
to Storengy a new salt 
cavern to store hydrogen 
can be operational within 
three to five years. 

Following the initial 
hydrogen production 
facility, an additional 
500kNm3/hr unit, 
producing up to 15TWh/
year would be developed 
by 2030. This would be 
used for further industrial 
offtake, supplying up to 
40 potential users in the 
northwest with 8TWh/year 
of hydrogen. 

Blue hydrogen projects UK map

Source: ICIS, Department for Business,
Energy and Industrial Strategy,
Zero Carbon Humber, Net Zero Teesside,
Zero 2050, Progressive Energy, Pale Blue Dot
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HyNet’s projected carbon savings at this point are expected to reach over 25MtCO2/
year. Additional hydrogen could be used for hydrogen Heavy Goods Vehicles (HGVs), 
buses and trains, helping to decarbonise the transport industry. 

The HyNet project forecasts Phase 1 of the project can be built for around £250m. This 
is primarily due to the proximity of initial sources of CO2 to the Liverpool Bay oil and 
gas fields.

Net Zero Teesside
Net Zero Teesside in the northeast of England is owned by the Oil and Gas Climate 
Initiative (OGCI), an investment group made up of oil and gas firms that are dedicated 
to supporting the Paris Agreement and reducing emissions. 

The cluster is home to five of the UK’s top 25 CO2-emitting companies and already 
produces 50% of the UK’s hydrogen. The cluster’s development of blue hydrogen as 
well as its development towards net-zero emissions therefore requires a CCS unit. In 
2019, it was awarded £3.8m as part of a government funding round to accelerate the 
rollout of CCS in the UK.

To establish the Teesside CCS facility, a Development Consent Order (DCO) must be 
submitted and approved. The project aims to submit this by the third quarter of 2020. 

Key stakeholders should then consult in the first quarter of 2021 for the offshore 
element of Teesside which will utilise established infrastructure for the storage of 
captured emissions. Lastly, the Environmental Impact Statement is due to be submitted 
for approval in late 2021. 

If these processes go to schedule, the project could start up by the mid-2020s, with a 
projected capture of up to 6MtCO2/year, equivalent to the emissions from two million 
homes. 

According to the Tees Valley Combined Authority (TVCA) there is potential for up to 
1GW of industrial hydrogen usage in Teesside. Moreover, with expansion of the CO2 
export pipelines, up to 10MtCO2/year can be stored as part of the project. 

A memorandum of understanding (MoU) has been signed with BOC, which operates 
an existing large hydrogen plant on North Tees, exploring how Net Zero Teesside could 
enable BOC to decarbonise its hydrogen plant.  

Salt caverns are already present and used for the storage of hydrogen. As salt is mined 
locally, there is scope to increase hydrogen storage capacity as supply chains develop. 

Demand for natural gas used in the process of creating blue hydrogen could be met by 
the 7.2bcm that is piped to Teesside annually.   

The port located at the industrial cluster also sets Teesside up to not only produce 
hydrogen, but to form part of an export economy, providing the low-carbon fuel to 
other countries which have reduced access to storage or reforming operations. 

Acorn
The Acorn project, centred on the St Fergus gas terminal on the east coast of Scotland, 
is being developed by Pale Blue Dot with funding and support from North Sea oil firms 
Chrysaor, Shell and Total, as well as the UK and Scottish governments. 

In 2019, it was awarded 
£3.8m as part of a 

government funding round 
to accelerate the rollout of 

CCS in the UK.

7.2bcm
Demand for natural gas used 

in the process of creating 
blue hydrogen could be met 
by the 7.2bcm that’s piped to 

Teesside annually.  
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Acorn CCS has been designated a European Project of Common Interest and was 
also one of the five to receive funding from the UK government’s Hydrogen Supply 
Competition. The allocation was £2.7m and will be used for a FEED Study that would 
enable a FID in late 2021, with CCS currently due to be commissioned in 2024 and 
hydrogen production starting around the same time.

The project’s forecasts show that phase 1 could require a capital investment of £276m 
in order to establish initial CCS and for repurposing of the offshore Atlantic pipeline 
with throughput capacity of 5-6MtCO2/year. 

The project benefits from an abundance of disused oil and gas fields in the North Sea, 
which could receive emissions captured by Johnson Matthey technology.  

Once the hydrogen production facility is operational it would contribute to 
decarbonising of Scottish heating systems by blending hydrogen into the grid. 
Alongside this, it will be part of a study exploring the blending of 100% hydrogen to 
homes on the east coast, ensuring future demand. 

Existing pipelines leading to St Fergus can safely transport emissions for storage, such as 
infrastructure leading from Grangemouth industrial cluster, which emits 4.3MtCO2/year. 

However, total stored emissions are not restricted to pipeline capacity from shore to 
offshore storage. Carbon can be transported by different companies using vessels as a 
means of shipping emissions to Peterhead Port from 2025. Using three to four vessels, 
up to 5-10MtCO2/year from around the country can be stored. The overall scalability of 
the Acorn project means that in excess of 20MtCO2/year can be accepted. 

St Fergus processes around 15bcm of the UK’s natural gas supply. 

Zero Carbon Humber 
Based in the northeast of England, the Humber industrial cluster is the most carbon-
intensive industrial area in the UK. Zero Carbon Humber aims to decarbonise the area 
by 2040, saving 12.4MtCO2 of emissions. The project was launched in 2019 by Drax, 
alongside Equinor and National Grid Ventures. 

A successful pilot study led by Drax at its power station already captures 1tCO2/day 
via bioenergy carbon capture and storage (BECCS). Bioenergy with carbon capture is 
a means of generating negative emissions, as bioenergy feedstock already captures 
CO2 ahead of use. Burning biofuels and then capturing their emissions means CO2 
which was formerly in the atmosphere is now taken from it and stored. This differs from 
methane, for example, which releases new emissions into the atmosphere on top of 
those already present. 

Building on the pilot study, which began in 2019, the project is split into two key 
phases. The initial phase will establish two anchor plants, a hydrogen production 
demonstrator and test facility delivered by Equinor by 2025, and a bioenergy carbon 
capture and storage (BECCS) unit delivered by Drax by 2027.  

Phase 2, running from 2028-2040 aims to have CCUS technology installed in all of 
Drax’s biomass units and generating 16MtCO2/year of negative emissions using BECCS 
by 2040, as well as the scale-up of hydrogen production facilities for low-carbon fuel 
to users in the area for heat, power, transport, maritime and industry. By then, Zero-
Carbon Humber has the potential to capture up to 44MtCO2/year, around 15% of the 
UK’s current annual emissions, according to a study conducted by Element Energy. 

The Humber also facilitates 
export options due to its 
costal location, and with 
almost 17bcm of natural 

gas imported through the 
Langeled pipeline from 

Norway to Easington, the 
area is readily able to convert 

significant quantities of 
methane into blue hydrogen.



Copyright 2020 Reed Business Information Ltd. ICIS is a member of RBI and is part of RELX Group plc. ICIS accepts no liability for commercial decisions based on this content.

HYDROGEN WHITEPAPER | 8

The hydrogen from the Humber production facilities could also be used for the H21 
project in the north of England which is exploring how 3.7 million UK homes and 
businesses could switch from natural gas to low-carbon hydrogen. 

Carbon emissions captured from the area will utilise infrastructure from Drax’s BECCS 
units, which establishes a network taking emissions to be stored in the North Sea. 

The Humber also facilitates export options due to its costal location, and with almost 
17bcm of natural gas imported through the Langeled pipeline from Norway to 
Easington, the area is readily able to convert significant quantities of methane into blue 
hydrogen. This supply met 24% of British gas demand according to 2019 figures. 

By 2050, the Zero Carbon Humber project is forecast to capture up to 51MtCO2/year. 

Challenges to scaling up the UK’s industrial hydrogen market
Developing these projects is pivotal to achieving the UK’s decarbonisation targets 
by 2050. With an abundance of natural gas, established pipelines and storage sites 
for both emissions and hydrogen, the UK is well-positioned to create blue hydrogen 
at scale. However, substantial challenges remain in terms of securing funding, co-
ordinating stakeholders and establishing a regulatory framework to foster the growth of 
a hydrogen economy. 

The numerous parties involved within each project, which all have vital roles to play if 
success is to be achieved, must now all align and move forward as forecast. This places 
an onus on companies and investors to risk financial commitment amid uncertain 
market conditions. The absence of a clear future carbon price or an established market 
for hydrogen means gaining financial backing based on expected revenues could be 
problematic. The issue is exacerbated by reduced revenues businesses may suffer due 
to the coronavirus pandemic, potentially delaying future investment decisions. 

The economic fallout from coronavirus may also call into question decarbonisation 
as one of the government’s spending priorities, although public spending to support 
large-scale infrastructure projects may also offer a way to revitalise the economy. 

Nonetheless, the use of natural gas in its current application cannot continue 
indefinitely, and the wealth of knowledge and infrastructure already circulating within 
the UK points to the replacement of methane with another molecule as the path of 
least resistance. It is arguably a question of when, not if, hydrogen can be produced at 
scale, and part of that answer relies on widespread, collective action across the energy 
industry.
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