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1 Overview
Carbon capture and storage (CCS) is needed both to decarbonise greenhouse gas-emitting
processes, and to enable greenhouse gas removals (GGRs), which are essential for
achieving net-zero emissions. This was confirmed in the 2022 Intergovernmental Panel on
Climate Change Working Group III report1, whose authors concluded that:
“It’s now or never, if we want to limit global warming to 1.5C. Without immediate and
deep emissions reductions across all sectors, it will be impossible.”2
Scotland, the UK, Europe and others have targets for achieving net-zero greenhouse gas
emissions around the middle of the century: since emissions cannot be cut to zero, this
implies the need to balance them by removing CO₂ from the atmosphere, whether using
nature-based solutions (such as afforestation and peatland restoration) or engineered
removals (such as capture and storage of biogenic CO₂ (BECCS or, more accurately, bioCCS), or direct air CO₂ capture and storage (DACCS)), or, more likely, a combination of both.
Beyond mid-century, it is likely that ambitions will be to keep emissions below net zero – that
is, removing more greenhouse gases than are released to the atmosphere.
Carbon capture and storage has three main roles in reaching net zero and beyond:
•

Decarbonising industry: preventing emissions from heavy industry and power
generation reaching the atmosphere

•

Indirect decarbonisation of dispersed sources of CO₂ emissions using hydrogen:
producing ‘blue’ hydrogen from natural gas with CCS, to displace natural gas in
applications such as heat and transport

•

Greenhouse gas removals: applying CCS to biogenic sources of CO₂, or direct air
capture

These three categories encompass many different applications of CO₂ capture, and for each
application there is a range of capture techniques to draw on. However, all rely on the
availability of CO₂ transport and storage infrastructure, whether within the country of origin of
the captured CO₂ or elsewhere.
Scottish, UK and EU policies recognise the role of CCS in achieving net-zero emissions: the
UK Government’s Net Zero Strategy anticipates a need for 20-30Mt CO₂ / year carbon
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https://www.ipcc.ch/report/ar6/wg3/
IPCC (2022) Press release: The evidence is clear: the time for action is now. We can halve emissions by 2030.
Available at: https://www.ipcc.ch/site/assets/uploads/2022/04/IPCC_AR6_WGIII_PressRelease_English.pdf
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capture by the early 2030s, and at least 50 Mt CO₂ / year by the mid-2030s3; while the
European Commission Communication on Sustainable Carbon Cycles anticipates the need to
capture and either use or store 300-500 MtCO₂ per year by 20504. The Scottish Government
has not set targets for CCS, but its Climate Change Plan update5 envisages that
“technologies critical to further industrial emissions reduction (such as carbon capture and
storage and production and injection of hydrogen into the gas grid) are operating at
commercial scale by 2030”.
The UK’s forthcoming Energy Security Bill is expected to formalise business models to
support CCUS deployment6, while its ongoing Cluster Sequencing Programmes aims to
deliver two CCS-enabled low-carbon industrial clusters by the mid-2020s. The two clusters
selected for Track-1 of this process, East Coast Cluster7 and HyNet North West8, have the
opportunity to negotiate for government support, including access to the £1 billion CCUS
Infrastructure Fund9.
The EU’s Innovation Fund, meanwhile, will provide an estimated €38 billion of support for
commercial demonstration of low-carbon technologies, including CCUS, from 2020-2030. The
European Commission is progressing work on monitoring, reporting and verification of both
engineered and nature-based CO₂ removals10.

1.1 Article 6
Article 6 of the Paris Agreement forms the basis for voluntary cooperation of parties to meet
emissions reduction targets by establishing rules around international actions for climate
change mitigation between countries and industry sectors. The article sets out two market
approaches: firstly, establishment of, and accounting for, voluntary transfer of emissions
reduction units between nations to prevent issues such as double counting (Article 6.2); and,
secondly, establishment of a mechanism for project-based emissions-crediting for projects
designed to achieve greenhouse gas reductions (Article 6.4).
The Glasgow Climate Pact, agreed at COP26, finalised Paragraphs 2 and 4 of Article 6,
setting the structures for carbon markets working in support of the Paris Agreement. For 6.2,
this includes ensuring double counting is avoided, by requiring corresponding adjustments –
where one country purchases credits (Internationally Traded Mitigation Outcomes or ITMOs)

3

UK Government (2021) Net Zero Strategy: Build Back Greener. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1033990/net-zerostrategy-beis.pdf
4
European Commission (2021) Communication from the Commission to the European Parliament and the Council:
Sustainable Carbon Cycles. Available at: https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:52021DC0800&from=EN
5
Scottish Government (2020) Update to the Climate Change Plan update 2018-2032. Available at:
https://www.gov.scot/publications/securing-green-recovery-path-net-zero-update-climate-change-plan-20182032/
6
UK Government (2022) The Queen’s Speech 2022: background briefing notes. Available at:
https://www.gov.uk/government/publications/queens-speech-2022-background-briefing-notes
7
https://eastcoastcluster.co.uk
8
https://hynet.co.uk
9
UK Government (2021) October 2021 update: Track-1clusters confirmed. Available at:
https://www.gov.uk/government/publications/cluster-sequencing-for-carbon-capture-usage-and-storage-ccusdeployment-phase-1-expressions-of-interest/october-2021-update-track-1-clusters-confirmed
10
European Commission (2021) Communication from the Commission to the European Parliament and the Council:
Sustainable Carbon Cycles. Available at: https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:52021DC0800&from=EN
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from another, both countries must adjust their greenhouse gas inventories to reflect the fact
that the emissions reduction is credited to the buying country11.

1.2 Role of greenhouse gas removals
As discussed above, greenhouse gas removal (GGR) will be needed to reach net-zero
emissions. There is a risk that polluters could use credits for GGRs to avoid having to reduce
greenhouse gas emissions, but governments are making clear policy statements that this
must not occur:
“The primary method of achieving net zero is to take ambitious decarbonisation
measures across society. However, there will be sectors such as industry, agriculture
and aviation that will be difficult to decarbonise completely by 2050. Greenhouse gas
removals will be crucial to compensate for the residual emissions arising from the
most difficult activities to reduce or eliminate from within polluting sectors.”12
Currently, engineered GGRs are not covered by the UK Climate Change Act, although the UK
Government has committed to seeking an amendment to the Act to enable removals to be
included in UK carbon budgets.

Fig 1. Carbon dioxide removal options. Image credit: GCCSI

Monitoring, reporting and verification are crucial to ensuring that GGRs contribute to
mitigating climate change, and for their use as offsets in meeting nationally determined
contributions under the Paris Agreement. The European Commission has stated that:
“Irrespective of their origins, all carbon removals need to be accounted in full
transparency and by considering criteria such as the duration of the storage, the risk
of reversal, the uncertainty of the measurement or the risk of carbon leakages
increasing GHG emissions elsewhere.”
This is echoed in the UK Net Zero Strategy and the Scottish Government’s Climate Change
Plan update.
11

UNFCCC (2021) Guidance on cooperative approaches referred to in Article 6, paragraph2, of the Paris Agreement.
Available at: https://unfccc.int/sites/default/files/resource/cma3_auv_12a_PA_6.2.pdf
12
UK Government (2022) Developing the UK Emissions Trading Scheme (UK ETS). Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067125/developi
ng-the-uk-ets-english.pdf
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1.3 Cross-border CO₂ storage
The UK and Norway are among the few countries in Europe with known CO₂ storage capacity
and the political willingness to use it. The UK is estimated to have around 40% of Europe’s
known CO₂ storage capacity13 - much more than it needs to store its own emissions. Norway
has broadly similar storage capacity to the UK’s and has led the way in offering CO₂ storage
– at a price – to other countries with industrial emissions, but no ability to store in their own
territory.
The UK Government, and UK CCS projects, have indicated that they too may wish to offer
storage to other countries; however, there has been little visible action on this, and the UK
risks missing out on this opportunity as Norway progresses. Already, a UK carbon capture
project has agreed a memorandum of understanding to explore using Norway’s Northern
Lights CO₂ storage14.
Under the London Protocol CO₂ Export Resolution, countries that have ratified the protocol
(which amends the Convention on the Prevention of Marine Pollution by Dumping of Wastes
and Other Matter to allow the export of CO₂ for storage) can make bilateral agreements to
transport CO₂ by ship between themselves15. Under this agreement, Norway has begun to
agree memoranda of understanding (MoU) with other countries and regions in Europe.
Norway’s MoUs with Germany, Belgium and the Netherlands outline how these agreements
can commence. Each MoU refers directly to each nation’s shared interest in rapidly
decreasing their carbon emissions through CCS operations. The MoUs outline the need for
increased co-operation on these tasks, state their engagement in establishing regulatory
frameworks and infrastructure for international deployment of CCS, and highlight the need for
exchange of technical knowledge in the development of CCS operations. It is clear that
bilateral agreements are feasible, and given the UK’s storage capacity, it will be important to
establish similar MoUs to establish frameworks for international co-operation on CO2 storage.

2 What’s new since the last conference?
2.1 Summary of last conference
Our last conference, in 2015, focused on using CCS expertise and opportunity in the UK to
achieve a low-carbon society. It explored the crucial role that only CCS can play in
decarbonising industry, and the need to act quickly to reap the benefits of re-using existing
infrastructure. While CCS has not yet been deployed in Scotland, plans to develop a Scottish
Cluster are pushing ahead, with the cluster given reserve status in the UK Government’s
cluster sequencing programme.
13

https://www.globalccsinstitute.com/wp-content/uploads/2021/11/Global-Status-of-CCS-2021-Global-CCS-Institute1121.pdf
14
https://norlights.com/news/cory-and-northern-lights-announce-pioneering-international-carbonpartnership%EF%BF%BC/
15
Dixon, T (2020) Presentation: Update on the London Protocol CO₂ Export Resolution. Available at
https://www.beg.utexas.edu/files/gccc/media/4th%20international%20workshop%20on%20offshore%20geologic%20
co2%20storage/9-11_1640%20Dixon%20London%20Protocol_IEAGHG_v1.pdf
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We emphasised the need for strategic planning, industrial clusters and demonstration
projects, as well as action to preserve oil and gas assets – particularly pipelines – that have
potential to be re-used for CO₂ transport. In the EU, we called for a cluster approach, flexible
funding, engagement of member states and the use of Projects of Common Interest (PCI) to
deliver CO₂ transport infrastructure.

2.2 What has happened in the UK since last conference?
Much has changed in the UK since our last conference. Government funding for the CCS
projects that were being developed in 2015 was unexpectedly cancelled. This has been
followed by a slow process of rebuilding confidence and re-establishing the need for CCS that
is finally starting to bear fruit – although there are still no operational full-chain projects in the
UK.
In 2016, the UK voted to leave the EU, and in early 2020, it officially left. This decision has
not only changed the UK’s relationship with its closest trading partner, it has also taken up
much parliamentary and political time (including two general elections) and created
uncertainty about access to funding for multi-national research projects and cross-border
infrastructure. Since much UK legislation regarding CCS is derived from EU directives, there
are risks around the future regulation of UK decarbonisation projects, and how they interact
with projects in the EU and EEA. Finally, where powers – such as trade negotiations – had
previously been held by the EU, the UK is having to learn and build experience while taking
on activities it has never done before.
In 2020, the Covid-19 pandemic caused profound changes to the way we live our lives, with
national lockdowns and a substantial shift to home working. Industrial production dropped,
and wages stagnated. In the UK, a cost-of-living crisis, triggered by Covid-19, steeply rising
energy costs and the impacts of leaving the EU, has been compounded by Russia’s invasion
of Ukraine. This has made energy security a government priority

2.2.1

Climate change

The 2015 UNFCCC conference of the parties (COP 21) culminated in the historic Paris
Agreement, which committed the world to limiting global warming well below 2C and pursuing
efforts to limit it to 1.5C. The agreement also included wording on the need to balance
sources and sinks of greenhouse gases: that is, net-zero emissions.
In 2008 and 2009, respectively, the UK and Scottish governments had set greenhouse gas
emissions reduction targets of 80% by 2050. Although these targets had driven
decarbonisation activity – particularly in the field of renewable and low-carbon energy – the
20% of emissions that could remain at the end of the period allowed sectors to avoid making
more difficult cuts in emissions.
With tighter net-zero targets subsequently set (by 2045 in Scotland, and 2050 in the UK and
the EU), decarbonisation of every sector becomes essential, with greenhouse gas removals
needed to offset residual emissions. This makes CCS, and particularly CO₂ transport and
storage infrastructure, even more crucial.
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2.2.2

CCS in the UK

Less than a month before COP 21, the UK government cancelled the funding for its CCS
Commercialisation competition, which would have seen CCS power stations built in
Peterhead in Scotland and in Yorkshire.
A year later, Lord Oxburgh’s report Lowest Cost Decarbonisation for the UK: The Critical Role
of CCS16 found that CCS was essential for lowest-cost decarbonisation, and that the cost of
inaction on CCS for the UK would be £1bn-2bn per year in the 2020s, rising to £4bn-5bn per
year in the 2040s. This review was carried out in the context of an 80% greenhouse gas
emission reduction target: given the greater need for CCS to meet today’s net-zero targets,
we can expect the costs of inaction on CCS to now be even greater.
Following the Oxburgh report, focus for CCS shifted away from a single source / single store
model, as had been envisaged under the 2015 competition, to an industrial clusters model,
with geographically closely located emitters sharing CO₂ transport and storage infrastructure.
Two years after the cancellation of the competition, the October 2017 Clean Growth Strategy
tentatively brought CCS (now conceived as carbon capture, usage and storage) back into
government policy, with an ambition of having the option of deploying CCUS at scale, subject
to costs coming down sufficiently. A ministerial-led CCUS Council was formed, and a CCUS
Cost Challenge Task Force established – the Task Force’s report17, in July 2018, informed
the government’s CCUS Deployment Pathway Action Plan18 . Among other things, the plan
began a review of delivery and investment frameworks for CCUS and set an ambition for the
first CCUS facility in the UK to be operating from the mid-2020s. The Industrial Strategy
Challenge Fund Industrial Decarbonisation Mission increased this ambition to four low-carbon
clusters by 2030, and one net-zero carbon industrial cluster by 2040.
In May 2019, the Committee on Climate Change delivered its advice to government on Net
Zero. It described CCS as “a necessity, not an option”, and said the UK would need 75-175
MtCO₂ stored annually by 2050.
The 2020 Ten Point Plan for a Green Industrial Revolution19 for the first time set a target for
CO₂ storage: to capture and store 10 MtCO₂ a year by 2030. It also shortened the timeline
for the first industrial clusters, aiming to have the first two operational by the mid-2020s, and
the business models for CCUS finalised in 2022.
The CCUS Cluster Sequencing Programme was launched in May 2021, inviting applications
from industrial clusters with a transport and storage proposition and at least two emitters. The
successful clusters – the East Coast Cluster and Hynet – were announced in the October
2021 Net Zero Strategy, with the Scottish Cluster designated as the reserve cluster.

16

Available at: https://www.sccs.org.uk/news-events/recent-news/330-oxburgh-report-on-ccs-resets-approach-topricing-delivering-infrastructure-and-enabling-uk-climate-action
17
https://www.gov.uk/government/publications/delivering-clean-growth-ccus-cost-challenge-taskforce-report
18
https://www.gov.uk/government/publications/the-uk-carbon-capture-usage-and-storage-ccus-deployment-pathwayan-action-plan
19
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/936567/
10_POINT_PLAN_BOOKLET.pdf
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In parallel, the business models for CCUS have been undergoing consultation and
development20: a dispatchable power agreement for carbon capture on electricity generation;
an industrial carbon capture model based on contracts for difference; a regulated asset base
model for CO₂ transport and storage; and models for hydrogen production and greenhouse
gas removals. In 2022 the government announced an Energy Security Bill in which the
industry, hydrogen and transport and storage business models will be finalised21.

2.2.3

CCS in Europe

The European Union has identified six Projects of Common Interest (PCI) for a cross-border
CO₂ network (covering CO₂ transport and/or storage). PCIs are eligible for funding under the
Connecting Europe Facility (CEF):
•

CO2 TransPorts connecting Belgium with CO₂ storage on the Dutch continental shelf

•

Northern Lights connecting several European capture initiatives with ship transport to
storage on the Norwegian continental shelf

•

Aramis connecting emitters in the hinterland of Rotterdam harbour area to storage on
the Dutch continental shelf.

•

Dartagnan – connecting emitters from Dunkirk and its hinterland with storage in North
Sea country territories.

•

Poland–EU CCS Interconnector – connecting emitters in the area around Gdansk
with storage in North Sea country territories.

The sixth project, Athos (based around the port of Amsterdam) has been cancelled. Three
other projects – Teesside CO₂ hub and CO₂-Sapling in the UK, and Ervia Cork in Ireland had
previously been on the PCI list but have since been removed22.
CO₂ capture projects are not covered by PCI status or CEF funding, but are eligible for
support from the Innovation Fund. Funded CCUS projects include:
•

The Beccs Stockholm project, capturing and storing CO₂ from an existing combined
heat and power biomass plant in Sweden.

•

The K6 Program, using cryogenic carbon capture at a cement plant in France.

•

The SHARC (Sustainable Hydrogen and Recovery of Carbon) project producing
hydrogen from both electrolysis and methane reforming with CO₂ capture in Finland.

•

Kairos@C, capturing and storing CO₂ from hydrogen, ethylene oxide and ammonia
plants in Belgium23.

•

Silverstone, capturing CO₂ from power and applying mineral storage in basalt rocks in
Iceland24.

20

https://www.gov.uk/government/publications/carbon-capture-usage-and-storage-ccus-business-models
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1074113/
Lobby_Pack_10_May_2022.pdf
22
https://energy.ec.europa.eu/topics/infrastructure/projects-common-interest/key-cross-border-infrastructureprojects_en
23
https://ec.europa.eu/clima/eu-action/funding-climate-action/innovation-fund/large-scale-projects_en
24
https://ec.europa.eu/clima/eu-action/funding-climate-action/innovation-fund/small-scale-projects_en
21
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Other European CCS projects include ORCA, in Iceland, the world’s largest direct air capture
project; modular carbon capture on a waste-to-energy plant in the Netherlands; carbon
capture on cement and ammonia in Spain and Germany; CO₂ storage in Italy and Denmark;
and many others, including research projects.

2.3 What next?
Enabling cross-border transport and storage of CO₂ is crucial; both the physical infrastructure
and the market mechanisms to allow this must be prioritised. Governments must take a longterm view of CCS as an essential part of meeting the ambition of the Paris agreement: this
means planning ahead and legislating for future infrastructure and policy needs, and building
working relationships between countries. It is also critical they support the first CCS clusters
and projects, now and in the immediate future.
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