& UNIVERSITY Priestley Centre
OF LEEDS for Climate Futures

K

S
R

W

Carbon capture and
storage in the UK

Deployment requirements and risks

Elliott Johnson, Oliver Broad and Paul Brockway
December 2025



Executive Summary

This report examines the UK’s
reliance on carbon capture and
storage (CCS) technologies in
achieving Net Zero emissions
by 2050, assessing whether the
necessary technological, policy,
and market developments can
occur rapidly enough to meet
national targets.

The Climate Change Committee (CCC) maintains that
no credible pathway to Net Zero exists without CCS,
projecting a need for approximately 73 MtCO,, per
year of combined mitigation and removal capacity

by mid-century.

CCS encompasses both mitigation technologies that
capture CO, from industrial and energy processes
and removal technologies, such as bioenergy with
CCS (BECCS) and direct air capture with storage
(DACCS), that can result in net negative emissions.
These engineered solutions are crucial for addressing
residual emissions from hard-to-decarbonise sectors
and large-scale deployment is expected. Current
projects under the government’s cluster sequencing
strategy are projected to deliver just 5-10 MtCO,,

in carbon dioxide capture annually by 2030, which
falls short of the CCC’s 7t Carbon Budget pathway
requirements of 13 MtCO,,
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Despite a renewed commitment from the Labour
government, including £21.7 billion of support

for industrial clusters, the UK does not have an
operational CCS facility. Historical failure rates for
CCS projects globally are as high as 82%, suggesting
significant delivery risk. Even under optimistic
assumptions, planned CCS capacity may fall well
below required levels unless failure rates are halved,
and early projects achieve strong “learning-by-
doing” effects, which may not be possible in cases
of CCS being retrofitted onto existing fossil fuel
infrastructure, which will be site-specific.

Under current plans, CCS deployment would need
compound annual growth rates of up to 75% in its
early years. Comparisons with past low carbon
infrastructure rollouts - such as nuclear power -
indicate that this pace is challenging, but potentially
achievable if policy support and investor confidence
remain strong. However, delays or mismatches
between carbon capture and transport-and-storage
infrastructure could undermine market integrity and
lead to stranded assets.

To address some of these risks, this report
recommends that the current political and financial
support is sustained, with deployment focussed

in sectors without viable alternatives, greater
flexibility in cluster decarbonisation and the
integration of Carbon Removal Obligations into the
current regulatory framework to reduce risk. Public
acceptance and ethical governance will be essential,
ensuring CCS complements, rather than displaces,
rapid and near-term emissions reductions — avoiding
mitigation deterrence. While momentum is growing,
substantial uncertainty remains as to whether CCS
technologies can be deployed at the required scale
and pace to meet the UK’s 2050 Net Zero goal.



1. Introduction

1.1. What is carbon capture
and storage?

Carbon capture and storage (CCS), a broad set of
technology-based practices that describe different
ways of capturing and securely storing carbon
dioxide (CO,), represent important decarbonisation
options that have become almost ubiquitous
across mitigation scenarios at both national and
global scales. In its latest advice to government,
the UK’s Climate Change Committee declared

that they “cannot see a route to Net Zero [in the
UK] that does not include CCS” (Climate Change
Committee, 2025a, p. 14). While they are clear that
these technologies cannot substitute for significant
emissions reductions, they are “part of all modelled
scenarios that limit global warming to 2°C or lower
by 2100” (IPCC, 2022a).

For the purposes of this report, we divide the CCS
family of approaches (also referred to as “engineered
solutions”) into two different groups: emissions
mitigation options with CCS (Mit-CCS) and carbon
dioxide removal technologies with CCS (CDR-CCS).
First, Mit-CCS captures and separates CO, from the
combustion of, or processing of, fossil fuels. These
Mit-CCS options thus reduce the amount of CO,
released into the atmosphere through continued
fossil fuel use for energy production (e.g. electricity,
or hydrogen), or in industrial processes such as
cement production.
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Second, CDR-CCS involve technology chains
designed to capture and store atmospheric CO,,.
These options are also referred to as Negative
Emission Technologies (NETs) to describe their ability
to deliver net CO, removal from the atmosphere over
their full supply chain. The two most prominent CDR-
CCS concepts are bioenergy with carbon capture and
storage (BECCS) and direct air capture and storage
(DACCS). BECCS describes a set of technologies that
involve using energy crops, forest and agricultural
residues to produce useful energy vectors alongside
a stream of captured CO,. The CO, is captured from
the production or combustion processes involved in
e.g. converting biomass to hydrogen or burning it for
power. Similarly, utilising commercial and consumer
waste — Energy from Waste (EfW) —to produce
electricity or heat with CCS can reduce emissions or
even result in negative emissions if a high enough
proportion of biogenic waste is utilised. Conversely,
DACCS describes the process of capturing CO,
directly from the atmosphere using solid or liquid
sorbent materials, but uses significant amounts of
energy to extract CO, from ambient air.



Figure 1: Graphical representation of the different types of CCS processes.
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Distinguishing between Mit-CCS and CDR-CCS,

and, for CDR, between BECCS and DACCS, is
important. First, mitigation options continue to add
small amounts of new fossil CO, to the atmosphere,
whereas CDR, in principle, lead to a net reduction in
atmospheric CO,. Second, because each engineered
solution encompasses its own set of technologies at
varying stages of development, with different market
needs, limitations and concerns. And third, because
biomass-based technologies involve significantly
longer, often international, and typically complex
supply chains, raising difficult and bespoke questions
for full life-cycle carbon accounting (Fajardy and
Mac Dowelll, 2018; Hayat et al., 2024).

Notwithstanding, both Mit-CCS and CDR refer

to technologies which are part of supply chains

for the transport and storage of captured CO, in
underground formations over geological time-
periods. In the case of the UK, these are made up
mostly of saline aquifers and depleted offshore oil
and gas fields in the North Sea. The existence of an
operational transport and storage infrastructure is
therefore a pre-requisite for both CDR and Mit-CCS
options. While this could utilise existing natural gas
pipeline infrastructure (Mahmoud and Dodds, 2022),
it is expected that a large CO, pipeline network
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will need to be built to deliver the levels of storage
required. In the short-to-medium term, it is likely
that non-pipeline transport (e.g. freight, haulage,
intermediary storage) will be needed to support more
flexible transport and storage solutions and increase
accessibility to CCS networks for firms at dispersed
sites outside of industrial clusters.

For the sake of brevity, and clarity of focus, this
report limits itself to engineered removals with

a view to the permanent storage of captured CO,.
We note however that other concepts may be equally
as important for our future energy pathways, and
that CDR include wider families of approaches than
discussed in this report. Nature-based solutions,

like afforestation or soil and ecosystem restoration,
rely on natural processes to capture and store CO,
and are expected to sequester 44 MtCO,/yr by 2050
under the CCC’s CB7 assessment (Climate Change
Committee, 2025a). Carbon capture and utilisation
(CCU) describes supply chains that deploy captured
carbon to offset fossil use or provide durable storage
in physical infrastructure and materials - e.g. the
production of platform chemicals, the carbonation

of concrete, or the use of wood in construction.



1.2. Why we are likely to need CCS

Recent analysis shows that we are expected

to regularly overshoot the Paris Agreement’s
temperature target of 1.5°C of global warming

in around five years’ time (Forster et al., 2025).
Even drastic and immediate emission cuts are unlikely
to avert temperature overshoot later in the century,
increasing the risk of triggering irreversible tipping
points, thus setting off cascading and potentially
irreversible climate impacts (IPCC, 2022b). In this
context, CDR-CCS can provide “net negative CO,
emissions”, reducing radiative forcing and thus
scaling global average temperatures back below
overshoot levels, minimising the time that we
spend exceeding dangerous thresholds.

In this context, whilst the UK has made significant
efforts to lower its contribution to global emissions,
cutting its territorial emissions by almost half since
1990 (Climate Change Committee, 2025b), progress
beyond displacing coal in the power supply and
increasing supply side technology efficiency remains
slow or has stagnated. A lack of consistent policy
action to rollout low-carbon end use technologies

or support social change has locked in emissions

in the buildings and transport sectors. Furthermore,
specific sectors and economic activities remain
“hard-to-decarbonise” as alternative abatement
methods do not exist, such as agricultural emissions,
long haul aviation and shipping, as well as some
emissions-intensive industrial activities. This will then
require both Mit-CCS, a mitigation option that can be
integrated into the energy system without wholesale
changes (Bui et al., 2018), and compensatory CDR-
CCS, to balance carbon budgets and ensure the
whole system meets its net zero targets.
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Going further, current mechanisms for reporting
emissions use territorial-based accounting,

and do not account for historic responsibility.
When measured from a consumption-based
perspective, the UK’s emissions embodied in
imports continue to rise (Defra, 2025), reflecting
how domestic consumption continues to contribute
to global emissions outside of its direct, statutory
responsibility. Similarly, considering historic
emissions may shift perspectives, as the UK’s
contribution towards cumulative global emissions
(and therefore global mean temperature change) far
outweighs an equal per-capita share of emissions
over time (Matthews, 2016). Taken together, these
perspectives suggest the UK could be expected

to go beyond current emissions targets, with a
medium-to-long term goal of providing significant
net-removals, which would require corresponding
amounts of CDR-CCS.

In this context, the UK has potential to be a global
leader in CCS and policy developments indicate

the UK Government is pursuing ambitious CCS
deployment with cross-party political support
(DESNZ, 2023a; HM Government, 2025, 2021).

The UK has a highly skilled workforce in the relevant
sectors (e.g. oil and gas engineering), pre-existing
infrastructure and a wealth of geological sites for
storage. Further to this, the UK has long-funded
funded a series of research projects on CCS and
carbon dioxide removal (HM Government, 2023),
including one greenhouse gas removal project from
2017-2021, as well as two more recent programmes
that have a greater focus on demonstration (UCL,
2021). Despite this, scaling up the deployment of CCS
technologies from a limited base remains a huge task.




Figure 2: The contribution of emissions reductions measures towards the CCC’s Seventh Carbon Budget
Balanced Pathway. NBS = nature-based solutions (e.g. a/reforestation, peatland restoration etc.).
Data: Climate Change Committee (2025a)
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Planned CCS projects in the UK are shown below in Table 1, highlighting a 2030 deployment of 5-10 MtCO,/yr.
However, the CCC cites insufficient policy plans to meet 2030 and 2035 targets relating to CCS and CDR
(Climate Change Committee, 2025b).
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Table 1: CCS projects in development as part of the UK Government’s cluster sequencing strategy

Track 1 East Coast | Net Zero CCGT power 2 2028
Cluster Teesside Power generation with CCS
(Mit-CCS)
H2Teesside Hydrogen production 2% 2027 & 2030
(Mit-CCS)
Teesside Hydrogen Hydrogen production No data No data
CO2 Capture (Mit-CCS)
HyNet Hanson Padeswood Cement production 0.8 2028
Cluster Cement Works (Mit-CCS)
Viridor Runcorn Energy from Waste 0.9 2025
Industrial CCS (Mit & CDR-CCS)
Protos Energy Energy from Waste No data No data
Recovery Facility (Mit & CDR-CCS)
Buxton Lime Cement production 0.02
Net Zero (Mit-CCS)
HPP1 Hydrogen production 0.65 2027
(Mit-CCS)
Track 2 Acorn Track 2 clusters have been named as best placed to deliver according to the identified
Cluster criteria, but no specific projects have been identified to date.
Viking
Cluster

* = Half the capacity is expected to be delivered by 2027, with the other half delivered by 2030.
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As shown in Figure 3, planned capacity (defined as the
amount of emissions captured and stored per year)

by 2050 remains far behind what could be required.
We calculate the gap between current CCS plans for
the UK and estimated capacity from the CCC’s 6" and
7t Carbon Budgets (CB6 and CB7) analyses (Climate
Change Committee, 2025a, 2020). Plans are assessed
for each technology type (Mit-CCS and CDR, broken
down by BECCS and DACCS). Figure 3 illustrates that
current plans for capacity build out to 2035 remain
significantly lower than is required by 2050. Whilst this
is expected given the timescales we are assessing,

we show the scale of the rollout necessary from the
current operating space.

Figure 3: Total CCS demand (planned projects vs CCC estimates) in 2050, broken down by technology type.
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2. Current challenges to-CCS
technology-deployment

Mit-CCS and CDR technologies
are part of complex chains of
technologies that are not widely
demonstrated at scale.

While some links in this chain are well-established with
years of practical experience, examples of complete
supply chains at scale remain limited. Carbon capture
facilities have existed for nearly 30 years (Furre et al.,
2017), and technology readiness for multiple components
of the CCS supply chain is high (Kearns et al., 2021), yet
global examples of full Mit-CCS or CDR-CCS supply
chains remain limited. Operational carbon capture
capacity globally stands at an estimated 50.9 Mt CO,

per year, with a further 21.4 Mt under construction

(IEA, 2025). The majority (80.5%) of these projects are
fossil mitigation. For context, current UK net territorial
emissions represent 371 MtCO,e (DESNZ, 2025). As of
2024, BECCS and DACCS contributed 0.51 and 0.004
MtCO, of global removals per year. Combined, this
represents 0.06% of the carbon dioxide removals that
currently come from natural systems' (Smith et al., 2024).

Capturing, transporting and storing atmospheric
CO2 has been part of international policy discussions
for decades (United Nations, 1998), and the UK
has been a strong advocate for climate policy in
similar spheres for just as long (Moulton, 2020).
Yet, two competitions for funding to support the
demonstration of CCS at scale were developed
over several years between 2007-11 and 2012-15,
but dropped without selecting a champion, costing
a total of £168m and eroding investor confidence
(NAO, 2017).

More recently, the UK is taking a clustered “track”
approach to industrial decarbonisation, focussing
efforts on several regions with high levels of industrial
activity and emissions (HM Government, 2021). This
approach aims to drive down costs and act as a
catalyst for the widespread deployment of CCUS by
fostering shared learning and infrastructures (Rattle
and Taylor, 2023). Track 1focusses on the early
deployment of carbon capture projects in the HyNet
and East Coast clusters by the mid-2020s. Track 2
aims to build upon the first phase, developing two
further CCS clusters in Scotland (Acorn CCS) and
the Humber (Viking CCS) (DESNZ, 2023b).

12.2Gt CO, removals per year from afforestation, reforestation, and managed forests.
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The current Labour government has confirmed
funding support promised by their predecessor,
pledging £21.7bn over 25 years to support CCS
development in industrial clusters in Teesside

and Merseyside (HM Government, 2025). While
the level of strategic detail and the scale of
funding far exceeds previous attempts to develop
a CCS market in the UK, competing signals

from government remain. As previously stated
targets of storing 20-30 MtCO,/yr by 2030 have
been dropped (Committee of Public Accounts,
2025). Since the development of this approach

to industrial decarbonisation, research has

shown how political and populist movements

have built on societal emotions in relation to the
transitions that lie ahead, showing the leveraging
of disinformation leading to fraught, obscured, and
increasingly polarised debates around — even - the
need for climate and net zero policies (Hochachka
et al., 2025; Piatek et al., 2024).

CCS technology chains are “lumpy” and, as such,
can only feasibly be delivered “at scale”. Mit-CCS
and CDR supply chains are complex. They involve
large and capital-intensive infrastructure, often with
indivisible components. They bring together a wide
range of stakeholders faced with different incentives
and different challenges. And they are likely to

cross international borders, thus operating across
different geographies and institutional governance
frameworks. A review of CCS projects since 1995
suggests that support mechanisms typically fail to
balance significant and inherent risks of upscaling
such complex projects with the potential for viable
returns across the multiple investors involved?.

It further highlights the diversity of risks involved,
from cancellation or delay of any link in the chain
through to lack of public acceptance, and points to
them being compounded by negative feedback where
past failures lead to increased perceptions of risk
(Wang et al., 2021).

This aligns with literature showing the difficulty of
scaling lumpy technologies, including CCS, and
highlighting the difference in performance (more

jobs created, faster deployment, more distributed
benefits) typically seen from investment portfolios
and stimulus programmes that target more granular
energy technologies (Wilson et al., 2023). Yet the
estimated rates of scaling required for CCS by the
2040s (globally) are significant. Deployment will
need to accelerate as fast as, or faster than, past
known examples of granular (wind power) and lumpy
(nuclear) technologies alike (Kazlou et al., 2024).
Recent programmes are focused on early stages of
demonstration and R&D, with long timeframes for
scale-up and deployment typical (Nemet et al., 2018).
As of 2024, indicators of innovation show that activity
is generally intensifying (Smith et al., 2024), but there
is still a long way to go to reach deployment at scale.

2 Characterised as an inability of projects to derive economic output in the absence of a high carbon prices.
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Or, the delay of mitigation actions with the
expectation of future CCS technology availability.
This can take many forms. It includes the
continued use of, and investment in, unabated
fossil fuels as Mit-CCS retrofits or CDR-CCS are
developed; the displacement of cheap variable
renewables for power by BECCS technologies,
which can provide two useful outputs; or the
extrapolation of arguments that continued use of
fossil fuel will be required in 2050, and beyond,
to justify both domestic and global investment

in new fossil extraction over clean energy and
system change — examples of which have already
played out on the international stage (McLaren et
al., 2019). More generally, it highlights the deep
sensitivity of near-term low-carbon pathways

to assumptions about CDR availability, and risks
building future systems which could breach global
temperature goals by 0.2-0.3°C or require up to
17 GtCO, additional emissions reduction even
under small changes of CDR deployment, such
as a 20% chance of CDR deployment failure

Carbon capture and storage in the UK

(Grant et al., 2021). Some high emitters in the UK
industry are pursuing decarbonisation options without
waiting for the availability of CCS (e.g. Port Talbot is
adopting electric arc furnaces for steel production).
However, failure to deploy CCS could risk
decarbonisation pathways in key industrial clusters
and in other sectors more widely — either directly, by
pushing back decarbonisation timelines, or indirectly,
as sunken CCS investments costs may limit the fiscal
capacity of firms to choose an alternative emissions
reduction pathway in the future.

With some exceptions, such as Korea, Norway

and Canada, most countries’ quantified NDC
commitments are constituted by a singular “net”
emissions reduction (Lamb et al., 2024), which
obfuscates the relative contributions of emissions
reductions and removals in emissions pathways.
Such an approach has led to myopic climate policy,
potentially encouraging and locking-in fossil-fuel
intensive socio-technical configurations by
de-emphasising the role of near-term absolute
emissions reductions and over-emphasising the
role of carbon removals in offset regimes (Brad and
Schneider, 2025; McLaren et al., 2019). As such,
many have advocated for the separation of these
targets (Betts-Davies et al., 2024), highlighting

the importance of pursuing near-term emissions
reductions, promoting the use of negative emissions
technologies exclusively to balance out emissions
from sectors that are hard to decarbonise and
giving clear indications to policymakers and markets
regarding the timescales of deployment required for
negative emissions technologies.




3. Assessing the feasibility.of UK
CCS deployment plans to 2050

It appears increasingly clear
that CCS technologies will play
a crucial role in the future UK
energy system.

While the scale and scope of this role is yet
uncertain, understanding how current plans
compare to authoritative estimates of future
needs is important. We consider future planned
CCS capacity at the aggregate level as listed

by the IEA (IEA, 2025), which is a worldwide
dataset that covers all large-scale CO, capture,
transport, storage and utilisation project at

all stages of development (from planning to
commissioning). Any projects that did not have
an estimated capacity (of CO, capture or storage)
were excluded. None of the UK projects with

an estimated capacity were intended for CO,
utilisation (CCU), so every project is intended

for carbon capture with dedicated storage.

The dataset lists the sector the project operates
in (e.g. power and heat, chemicals, DAC etc.)

as well as links to accompanying documentation
and press releases, which give project details.
Reviewing current plans across these categories
highlights the scale of the role that CCS could

be expected to play in the UK. Placing plans
alongside future pathways contextualises each
approach and their possible implications (e.g. in
terms of varying resource requirements for each
option). To address the question of the feasibility
of planned build out rates, we take two estimation
approaches, covered next.

Carbon capture and storage in the UK




Figure 4: Planned CO2 capture in the UK (coloured lines) and CCC estimates of future requirements (black lines).
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Different colours show different expected failure rates for planned CCS (orange = no failure; green = 45%; purple = 82%). Dotted colours show
linear extrapolation of future CCS plans between 2035 and 2050. Grey shading highlights the range of CCS estimates contained in CCC CB6.
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First, it appears that half of the scenarios described
above could meet the UK’s combined 2050 CCS needs
as suggested by the CCC CB6 & 7. Considering the

full and dashed orange, the lines show current and
extrapolated CCS plans exceeding expected needs up
until 2035, before then falling within the CCC carbon
budget range for 2050 at the aggregate level. Looking
at the dashed green line shows that this outcome holds
with a 45% FR, if the ambition seen in plans for 2025-
35 does not weaken before the end of the period.

Second, however, it appears that combining current
trajectories with the existing track record of CCS
project delivery would make reaching national capacity
requirements unlikely, both in 2035 and in 2050 (see
purple lines). Historical failure rates in the CCS sector
are close to double those seen in the US nuclear
programme. As a result, even sustaining the 2025-35
expansion ambition (dashed purple) may deliver as
little as 25 MtCO,/yr by 2050, just 34% of the amount
suggested by the CCC CB7.

Importantly, these results highlight the level of effort
still required to transition from the early stages of

CCS technology growth through to the development

of an established industry. It is expected that

“learning by doing” will, and indeed has already
started to, bridge this gap. Studying Sweden, Beiron
and Johnsson (2024) show that high learning rates
seen for “similar” technologies® can lead to N"-of-
a-kind CCS* costs within 30 projects. But they also
consider that conservative learning might, for the same
cumulative capacity, only cut costs by 10-20%. It is
currently unclear what learning rates to expect, and
CCS technologies include very diverse options. It has
for example been highlighted that achieving higher
learnings for Mit-CCS retrofit options may be ambitious
because high degrees of customisation and site
specificity are expected (Kumar, 2024; Malhotra and
Schmidt, 2020).

While data overall is still sparse, we show here that,
across all CCS options, failure rates must be halved in
the very near-term if we are to deliver against CCC CB7
pathway needs by 2050. This will not happen without
clear and sustained policy support over a considerable
time period that go beyond typical political cycles
(Lipponen et al., 2017).

3 Learning rates understood here as the % by which the project
cost is reduced each time the total installed capacity doubles.
Beiron et al. refer to 12%-14% values seen for wet scrubber
flue gas cleaning technology between 1970-2000.

4 Defined there as carbon capture retrofit to industrial heat and
power emission sources.
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Figure 5: Comparison of 5-year compound annual growth rate (CAGR) of CCS deployment and technologies
already deployed in the UK.
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same CB7 data but with a 6-year delay before the first capacity installations are deployed (yellow line) The x-axis shows the years since
each respective technology was first installed.
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Figure 5 shows that nuclear power sees an

early surge lasting around 10 years and reaches
maximum 5-year CAGR peaks of 33 and 43% in
Y7 and Y10, respectively, after first deployment.
Besides these peaks, nuclear CAGRs range from
0-29%, with the average value of nuclear power’s
CAGR from Y5-Y 30 sitting at 12%/yr. The 5-year
CAGRs for current CCS plans are very high in the
near term and meeting targets for 2030 will mean
values of 75% for the first 5-year period. Levels
then drop to significantly lower values, falling to
13% in Y8 and fluctuating between 0-3% from Y9
onwards, reflecting fewer projects being planned
beyond 2035. If we considered the extended trend
that we applied earlier from Figure 4, five-year
CAGR values would instead sit between 3-7%
between Y12-25.

Contrasting planned projects with expected needs
as presented under CB7 (orange vs. purple lines
in Figure 4) highlights that the CCC describes

a slower deployment of CCS technologies than

is proposed by industry. This would allow initial
5-year CAGRs to drop by 60% but assumes
higher sustained growth over longer periods

of time thereafter.

Finally, considering a Hinkley-C type delay (yellow
vs. purple lines in Figure 4) while assuming we still
deliver similar levels of CCS by 2050 compresses
new capacity buildout into a tighter timeframe.
This increases 5-year CAGRs: Y5 values increase
to 34.8% and average values to 2050 increase by
almost 50%. While these arguably remain within
the range of past nuclear power values, the shift
is significant as it highlights the delivery challenge
of having fixed emissions targets for 2050 that will
rely on given levels of CCS.

Overall, values for CCS show a trajectory that
quickly seems reasonable when compared to
historical rates of nuclear power generation
deployment. However, deployment rates are high
in the early years of deployment, for both planned
CCS deployment and CCC estimates, which is

a key timeframe for market development and
investor confidence.
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Ultimately, any delays to transport and storage
infrastructure developments will have knock on effects
on carbon removal markets and the ability for Mit-CCS
and removals to contribute towards UK decarbonisation.
As things stand, carbon capture and removal targets are
currently not on target to be met (Lomax et al., 2025).

Whilst our analysis offers an aggregated view of

CCS projects and capacity, neglecting the differentiated
risks and opportunities of the various CCS technologies,
it highlights the risks associated with the massive
deployment of a suite of technologies that, to date,
have not been proven at scale. However, the data
displayed in Figure 3 shows the comparison of current
plans with possible future needs for 2050 for mitigation
and removal CCS options. Mitigation options represent
the majority (86%) of current plans with a total of

54 MtCO,/yr of capture capacity. The latest needs
assessment published in CB7 suggest that, as part

of wider system changes, 40.5 MtCO,/yr could be
sufficient, thus allowing for up to 31% of current plans
(in capacity terms) to fail. This is still significantly

lower than the FR for early US nuclear projects
described above.

Planned CDR capacity is low both in absolute

terms, and when compared to expected requirements
for meeting net zero by 2050. Plans for BECCS and
DACS projects currently stand at 12 and 0.05 MtCO,/yr
respectively, with expected needs under CB6-7 varying
between 44-97 and 0-14 MtCO,/yr. For BECCS,

this implies a threefold scaleup from existing plans

to 2050, without allowing for failures to materialise.
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For DACCS, it highlights that significant challenges
remain in establishing initial projects that could be
considered “at scale”. This is all the more challenging
when contrasted with previous government objectives
of reaching removals of 5 MtCO,/yr through direct air
capture by 2030, with a view to scale up to 23 MtCO,/yr
just five years later (BEIS, 2021; DESNZ, 2023c).

Furthermore, the over-reliance on Mit-CCS in
deployment plans so far points to a risk of mitigation
deterrence. Such an approach, which prioritises a
lower risk approach than diverting resources towards
removals, maintains existing (or develops brand new)
fossil fuel infrastructure potentially locking-in carbon
intensive systems. This can reduce the urgency of
transformative systemic change (e.g. renewable
deployment, electrification and demand reduction)
by assuming CCS can compensate later.

Overall, there are risks involved with all possible
pathways to reaching our net zero goals and therefore
understanding what each route could imply is key.

Yet considering future expectations for CCS in the UK
shows that a significant gap from current plans remains.
It also highlights that the implied scale up is ambitious
when considering project failure rates seen in other
energy transitions. Because of the interconnected
nature of the energy system, and the strict quality of

a net-zero target, this raises valid questions as to our
ability to deliver these CCS technologies in time and as
to any contingency that might be considered for missing
carbon capture or removals.
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3.4. Limitations

This study has two main limitations. First, it does
not consider the geographical dimensions of

CCS development. We assume that failure rates

are proportional to the share of CCS capacity

lost. However, storage capacity, and future CCS
needs, are not evenly distributed geographically

or systematically co-located. The failure of early
projects in key industrial clusters, either on the
capture or T&S side early in the timeline of CCS
deployment could have a disproportionately large
knock-on effect on the development of a sustainable
CCS market. Comparatively, the failure of smaller
projects could be less significant. In principle, the
cluster approach is intended to reduce these risks
by sharing the costs of large, capital-intensive CCS
projects across multiple firms and the public sector,
and by designating key development locations.

Second, we assume a linear extrapolation of planned
projects from 2035-2050, as opposed to a typical
S-shaped curve adoption assumption. Adopting an
S-shaped curve could lead to a steeper increase in
more capacity by 2050 - implying that failure rates
do not need to improve as much. However, this would
also imply higher 5-year CAGRs, which may not be
feasible. We choose a linear approach to: (1) align
with CCC assumptions which reflect a relatively
linear adoption trend in their Balanced Pathway;

(2) describe a range of realistic and plausible
outcomes for CCS deployment, rather than a
prediction of actual outcomes; and (3) S-curves
have been criticised for not reflecting actual
technology deployment trends.



4. Policy recommendations

and conclusion

The development and deployment
of CCS technologies represents a
major challenge for decarbonisation
in the UK.

Substantial amounts of CO, are estimated to be

captured and stored underground by 2050 by a suite of
technologies that do not currently have an established
business model or market. To achieve the assumed rates
of removals and mitigation CCS needs to be scaled up
massively and failure rates must be reduced, but not at
the expense of rapid, near-term emissions reductions.

For CCS projects to be deployed at the scale and
speed necessary over the next 25 years, a favourable
policy framework is beginning to be developed. Work
to commercialise and scale CCS is underway but
technology costs need to fall, and business models
and supply chains need to be developed.

Carbon capture and storage in the UK

We suggest several policy recommendations
designed to mitigate this risk.

First, political and financial support for CCS projects
must be sustained over the long term. As successful
pilot projects are developed this will create a positive
feedback loop for investors that will reduce failure
rates, but initial revenues need to be underwritten

to create a viable market. It is welcomed that the

UK Government has set out a plan to establish a
self-sustaining CCS market (DESNZ, 2023a) and
significant sums of money have been earmarked for
CCS over the long term. However, lessons heed to
be learnt from previous experience, where money
was ostensibly ringfenced for CCS projects but then
reappropriated, leading to the collapse of commercial
CCS projects (Hudson, 2024).

Second, strategies that reduce our total reliance
on CCS will make the scale of deployment easier
to achieve.

Limiting Mit-CCS to industrial sectors where there
are no other cost-effective mitigation alternatives,
such as cement production, rather than natural gas
power stations, is one way of limiting the need for
CCS to more feasible levels. Furthermore, reducing
our demand for engineered removals and limiting it to
compensate for hard-to-abate sectors and reversing
temperature overshoot can reduce long-term system
costs (Shindell and Rogelj, 2025). Pursuing stringent,
near-term emissions reductions via demand reduction
and the decarbonisation of energy supply limits
cumulative emissions, reducing carbon removal
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requirements towards the second half of the
century. Furthermore, the promise of CCS should
not be used to justify expansions in fossil fuel
capacity on the premise retrofit technology, which
is not currently commercially available, will be a
realistic option for dealing with emissions in the
future. Incumbent players, including fossil fuel
producers, may exploit the promise of CCS, and
CDR in particular, to limit or delay climate action in
the near term by overplaying the amount of carbon
dioxide that can be sequestered in the future
(Lamb et al., 2024).

Third, CCS strategy — and industrial
decarbonisation more generally — needs to

be flexible. The requirements of UK industry
will change over shorter timeframes than the
deployment of CCS technologies and other
decarbonisation options alike (Rattle and Taylor,
2023). The potential failure of CCS projects, and
the failure to deliver a functioning market, could
drastically change these requirements. Ensuring
that firms or clusters can adopt alternative
mitigation measures (e.g. electrification) as
economic or market circumstances change is
not built into UK industrial decarbonisation
strategy as it stands.

Fourth, the UK Government should consider
innovative policy instruments, such as a Carbon
Removal Obligation (Bednar et al., 2024) or
Carbon Takeback Obligation (Jenkins et al.,
2023; Kuijper et al., 2021), which ensure that
those responsible for greenhouse gas emissions
are liable for delivering the carbon removals
required to reverse overshoot once a given carbon
budget has been exhausted (i.e. the polluter pays
principle is enforced). If designed properly, such
obligations can reduce the risks associated with
mitigation deterrence, ensuring that the promise
of future atmospheric carbon removals do not
undermine emissions reductions pathways in the
near term.

Carbon capture and storage in the UK

Finally, public acceptance is key and can

depend on a multitude of factors, such as trust in
stakeholders, the perceived severity of climate
change and risks associated with transport and
storage (GroBe-Kreul et al., 2024) and, crucially,
whether engineered removals can be developed
and deployed fast enough to address the climate
crisis (Cox et al., 2020). However, any future
decarbonisation pathway will stress-test public
acceptance. High levels of renewable deployment
will require significant amounts of physical
infrastructure across the nation’s landscapes to
reinforce the power grid. Demand-led pathways
call for considerable social, institutional and
infrastructural changes. Similarly, CCS deployment
will necessitate pipeline infrastructure, particularly
around industrial clusters (it therefore has a spatial
dimension that will affect different communities

in different ways) and has implications for the
continued use of fossil fuels. Public perceptions of
risk and the potential for failures is therefore of the
utmost importance and could determine the scale
of deployment (Lai et al., 2025).

To conclude, momentum is building in the UK
for CCS as an effective and viable option for
decarbonising the economy. There is renewed
policy interest and plans are maturing for CCS
deployment across several industrial clusters.
Two CCS projects have reached final investment
decision stage and construction is expected to
begin in 2026. However, there have been several
false dawns before and there is a high degree
of uncertainty regarding the potential for scaling
up CCS markets so that the technologies can

be deployed at scale. Furthermore, because of
the risks of low or slow adoption, contingency
mitigation measures need to be taken to insure

against CCS projects and capacity failing to
materialise at the scale estimated in modelling
scenarios in the absence of viable CCS markets.
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Appendix A:
List of acronyms

BECCS - Bioenergy with Carbon Capture and Storage

CAGR - Compound Annual Growth Rate

CB6 — The CCC’s 6th Carbon Budget analysis

CB7 - The CCC’s 7th Carbon Budget analysis

CCS - Carbon Capture and Storage

CCU - Carbon Capture and Utilisation

CCUS - Carbon Capture, Utilisation and Storage

CDR - Carbon Dioxide Removal

DACCS - Direct Air Carbon Capture and Storage FR — Failure Rates
GHG - Greenhouse Gases

Mit-CCS - Mitigation options with Carbon Capture and Storage
MtCO2(e) — Million Tonnes of Carbon Dioxide (equivalent)

NETs — Negative Emission Technologies
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Appendix B:

The (mis)alignment of carbon
capture and transport-and-storage
(T&S) plans

Figure 6: Cumulative planned carbon capture capacity (unbroken line) compared with cumulative planned T&S
capacity (dashed line) from 2025-2035.
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The red shaded area represents carbon capture capacity that will not be able to be met by planned T&S capacity, i.e. the “T&S gap”.




Planned T&S projects currently lag planned capacity
for carbon capture projects in the first years of
deployment (from 2026-2029). The T&S gap
(highlighted red in Figure 6) represents 3.5 Mt CO2/
yrin 2026, rising to 11 and 11.5 MtCO,/yr in 2027 and
2028, respectively. This is significant as it represents
40% of total capture capacity. The gap is much
smaller in 2029, sitting at 1.5 Mt CO2. After 2029, the
growth of T&S storage projects outstrips the pace of
planned capture projects. By 2035, this discrepancy
suggests that up to 55% of T&S project could fail and
still service the expected capture capacity.

Developing huge networks of infrastructure, such as
carbon capture plants and the requisite T&S capacity,
will always have inherent uncertainty in project
planning. Thus, it is not unusual that these capacities
do not match up perfectly. However, there’s a
two-sided risk that needs to be managed, as each
stakeholder group needs to know (i) that they will be
able to offload their CO2 and (ii) that there will be a
customer to use the expensive pipeline infrastructure
you’re building, highlighting the need for greater
cross-chain de-risking.

Delays in the connection of carbon capture projects
to T&S capacity creates volume risks for T&S
providers. There are large economies of scale in
pipeline construction, but a final investment decision
on building transport infrastructure (and therefore
its size and capacity) will be needed before exact
carbon capture volumes will be known, representing
a financial risk for T&S companies (Bellona Europa,
2021), On the other hand, if T&S capacity is too small,
then CO2 that is captured cannot be transported to
long-term geological storage, then it may have to be
emitted into the atmosphere, leading to an additional
27.5 MtCO2 of carbon being emitted by the UK.
However, the greater risk comes from impacts to
market integrity in a period when building investor
confidence is crucial to establishing a functioning
CCS market. If costly carbon capture infrastructure
is built and underutilised, this represents a stranded
asset and lost revenue for investors. Not only does
this drive up costs for existing projects (Middleton
and Yaw, 2018), but uncertainty over market
development could damage investor confidence
and lead to funding for future projects being pulled,
or ultimately cancelled - risking their contribution to
the UK’s emissions reductions targets.

Carbon capture and storage in the UK

Government support is clearly needed to manage
cross-chain risk and ensure that all stages of the
CCS process continue to develop and be deployed
in-step. There are several means to ensure this.

First, ensuring and incentivising that UK CCS
companies (at all stages in the chain) have access to
international networks can allow for any imbalance
between CO2 capture and T&S capacity to potentially
be offset by spare capacity elsewhere (and vice
versa). Second, greater market coordination can
ensure that one part of the CCS chain is not expected
to develop at a faster pace than another.

Finally, in the absence of an established market,
some degree of risk may have to be absorbed by
the state. Currently, there is little incentive for CO2
removal and storage beyond voluntary offsetting
payments, which is wholly insufficient to build

a market from scratch. The UK Government is
currently in the process of establishing sector-
specific (T&S, industrial carbon capture, hydrogen,
power and BECCS, and greenhouse gas removal)
policy mechanisms to ensure revenues are stable
during these early years of deployment, via bespoke
Contracts for Difference, high impact, low probability
risk insurance and payment mechanisms (CCUS
Business Models and Building Viable CCUS Projects,
2023). Furthermore, the Government’s “track”
approach to industrial decarbonisation also aims

to limit these risks by setting in place key locations
where they will support projects and developing
business models that include both capture and the
requisite T&S infrastructure.

Specialised policy mechanisms such as these

should ensure investor confidence by increasing

the reliability of revenue streams, especially in the
context of a mismatch of timing between the delivery
of different infrastructures. They allow investors

in T&S to proceed without the need for already
established carbon capture projects (and vice versa)
and ensure that revenues are commensurate with
the risks that firms take.
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The Priestley Centre’s Climate Evidence
Unit provides independent insight to
inform the delivery of a climate resilient,
decarbonised future. It brings together
world-leading experts from the University
of Leeds to deliver timely and robust
evidence that can inform climate action.

The Priestley Centre for Climate Futures is a leading
climate change centre based at the University of Leeds.

For more information, including how to work with us,
visit climate.leeds.ac.uk.
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