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1 INTRODUCTION

1 Climate Emergency Planning and Policy (CEPP) is a consultancy set up to promote 
the necessary rapid, and scientifically congruent, response to the climate crisis in 
mainstream institutions, such as local authorities and government, through the 
lenses of science, policy, and law.  

2 I, Dr Andrew Boswell, established CEPP in 2017 following retirement from a 
scientific, computing and political career.  I have a technical background in 
chemistry (first degree, Imperial College), structural biology (DPhil, Oxford), 
software engineering and Very Large Scale Integrated (VLSI) circuits, system 
management and scientific modelling including managing the high-performance 
and scientific computing service at the University of East Anglia for eleven years. I 
was a councillor at Norwich City Council and Norfolk County Council for twelve 
years. 

3 As CEPP, I have been an expert contributor to the Climate and Nature bill which is 
being progressed through this Parliament as a Private Member’s Bill by Roz 
Savage MP. I have worked on a two-year fellowship from the Foundation for 
Integrated Transport on exposing the flaws in carbon assessment and transport 
modelling for road schemes.  I have been an interested party and expert witness 
actively engaged in infrastructure planning examinations in the UK.

4 I have followed the science and policy debate around Carbon Capture and Storage 
for many years, with concerns which have now matured into those as expressed in 
this submission.  I was an interested party at the planning examination for the 
Track-1 Net Zero Teesside gas fired (gas-CCS) power station, and following my 
submissions, the project promoters changed their Environmental Statement to 
include an estimate of upstream emissions from the fuel supply chain. I believe this 
the first example where an environmental assessment of upstream emissions, 
though a limited underestimate as explained later in this document, has been 
made.  Other similar projects have either gained planning approval without any 
assessment of upstream greenhouse gas (GHG) emissions (eg: the HyNet 
Hydrogen Product Plant at Stanlow near Liverpool, and the Keadby 3 gas-CCS 
plant on Humberside), or are still in the planning process but with no assessment of 
upstream emissions yet made (eg: the Peterhead gas-CCS scheme in the Scottish 
planning system).  

5 I am the claimant in a legal case which challenges the previous DESNZ Secretary 
of State’s decision to later approve the Net Zero Teesside (NZT) project for 
development consent which is due to be heard by the Court of Appeal on March 4th 
and 5th 2025.

6 In so far as the facts in this statement are within my knowledge, they are true.  In so 
far as the facts in this statement are not within my direct knowledge, they are true to 
the best of my knowledge and belief.
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2 SUMMARY

7 The full life-cycle greenhouse gas emissions of projects in the CCUS programme 
have been systemically underestimated.  This particularly relates to upstream 
natural gas supply emissions for gas-CCS and blue hydrogen.

8 The cluster model in the CCUS architecture amplifies this effect by front-loading 
gas-CCS and blue hydrogen projects before any third-party industrial 
decarbonisation can take place.

9 This places the delivery of near-term UK carbon budgets and meeting international 
obligations such as the 2030 NDC at further risk (delivery is already highly risked as 
evidenced by the annual Climate Change Committee (CCC) progress reports and 
the UK climate plan twice being found to be unlawful).

10 Value for money of the CCUS programme is poor because of the risks to delivery of 
climate targets as above, the delay before any genuine industrial decarbonisation is 
possible, and the risks of the programme failing.

11 Further, the opportunity cost of funding for CCUS diverting funds from the roll-out of 
renewables pathways has not been assessed.  Recently National Energy System 
Operator (NESO) advised that a pathway to 2030 without CCUS was entirely 
possible.  Policy making from DESNZ and CCC has not fully assessed such an 
alternative, and whether it may be continued after 2030 too, and should do. 

12 CEPP provides detailed submissions on the above points, and provides illustrative 
calculations of the climate impacts (both UK and internationally) of the near time 
climate impact of gas-CCS systems in the UK energy mix.

13 CEPP recommend:

(a)  that no CCUS project should receive Government funding, nor a Final 
Investment Decision (FID) until a full scientific review of the CCUS programme 
has been made; each project is assessed under Principle H the Energy and 
Environment principles of the Subsidy Control Act1.  

(b) that the PAC make a strong recommendation to the Climate Change Committee 
that its upcoming Seventh Carbon Budget report must fully consider the 
upstream emissions in its consideration of the CCUS programme: with 
assessment of the full impact to UK consumption emissions; a review the 
proposed cluster model and its front loading of very high emissions; and advice 
on how some industrial decarbonisation, if needed, might be achieved without 
start-up projects involving gas-CCS or blue hydrogen. 

(c) that DESNZ undertake a review of the potential to remove CCS (either as gas-
CCS or blue hydrogen) from its energy policy with a value for money and 
investment costs analysis for delivering UK climate targets and budgets via 
alternatives to the CCUS programme.

(d) that NESO to give evidence to the committee, particularly on the details of its 
recent “Clean Power 2030” report.

1 https://www.legislation.gov.uk/ukpga/2022/23/schedule/2

https://www.legislation.gov.uk/ukpga/2022/23/schedule/2
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3 MAIN ISSUES

3.1 Background

14 In this section, I highlight some high-level points from the 2024 National Audit 
Office (“NAO”) report2.  The concerns which I want to place before the Public 
Accounts Committee members relate to two key issues (1) the fundamental 
architecture of the current CCUS programme and (2) the systemic underestimation 
of upstream emissions, and I give some pointers here to themes for later 
discussion.    
 

15 NAO identifies Carbon Capture, Usage and Storage (CCUS) as potentially 
involving these technologies3: hydrogen production, energy generation, industrial 
and waste processes, and Greenhouse Gas Removals.  

16 CCS enabled gas-fired electricity generation (“gas-CCS”) and CCS enabled 
hydrogen production from natural gas (“blue hydrogen”): each have an extremely 
high carbon footprint.  This is primarily due to upstream emissions in the fuel supply 
chain of natural gas which has not been properly considered in the development of 
CCUS policy.  This will be demonstrated later in this document by developing an 
illustrative calculation of the full life-cycle emissions and climate impacts for gas-
CCS systems.

17 The centrality and dominance of gas-CCS and blue hydrogen plants in each 
of the Track-1 and Track-2 CCUS clusters is both a climate change issue and 
a value for money issue.  This is both in the short-term and the long-term.  

18 In the short term, both technologies would be required to run at full capacity.  Blue 
hydrogen produces hydrogen so would run at full capacity for clear commercial 
reasons.  In theoretical policy, gas-CCS is mooted as a dispatchable technology 
which may be switched in and out of the energy system, but the promoter for NZT 
has revealed that in practice it would need to be run at full capacity for the first four 
years of operation to provide constant flows of injection of CO2 into undersea 
storage (see later).  

19 Both technologies can then be expected to be run at full capacity, each generating 
very large emissions, up to 2030 adding significant risk to the delivery of the fifth 
carbon budget (2028-2032) and the UK international climate change obligations 
(the Nationally Determined Contribution, NDC).  

20 NAO highlighted in July’s report4 that any delay in follow-on third party emitter 
projects making use of common transport and storage infrastructure risked the 
programme’s value for money. A recent press report5 indicates that across both 
Track-1 clusters, there is only one follow up emitter project that is funding ready: 

2 National Audit Office, 2024, “Carbon Capture, Usage and Storage programme” (the “NAO” report)

3 NAO, “Summary”, bullet 1 
4 NAO, Part 2, 2.16
5 “UK government gives funding to just three of first CCUS cluster projects”, 9 October 2024, S&P Global, 
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/100924-uk-government-gives-funding-to-
just-three-of-first-ccus-cluster-projects 

https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/100924-uk-government-gives-funding-to-just-three-of-first-ccus-cluster-projects
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/100924-uk-government-gives-funding-to-just-three-of-first-ccus-cluster-projects
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meaning that little, if any, industrial decarbonisation can possibly be achieved by 
2030.  

21 In the long-term, the very high emissions from the gas-CCS and blue hydrogen 
plants central to each cluster will continue to undermine carbon budgets and UK 
international climate obligations within its own territories, and also climate impacts 
outside UK territory as much of the emissions which would be generated from UK 
CCUS demand are emitted into international greenhouse gas inventories, as will be 
explained later.  This does provide value for money in decarbonising the UK 
economy.    

3.2 Is CCUS required for the energy system until 2030?

22 NAO note6 that the Government sees CCUS “as central to achieving net zero by 
2050”, and say7 that “the government does not have and is currently not developing 
a credible alternative pathway without the use of CCUS”.  However, recent advice 
from the National Energy System Operator’s (NESO) to Government on how to 
achieve clean power by 2030 (NESO report “Clean Power 2030”) identifies two 
primary clean power pathways8. One pathway does not involve the use of CCUS9

.  Whilst, NESO considers some new dispatchable power is needed after 2030 (and 
I do not agree and will address this later), this advice to Government makes it clear 
that implementation of gas-CCS and blue hydrogen is not actually needed before 
2030, contrary to the much earlier projections of the CCC in the 6th carbon budget 
report (2020) and DESNZ in the Carbon Budget Delivery Plan (2023).  

23 The Climate Change Committee highlighted in its 2024 Progress Report10 that the 
UK only had credible plans for only around a third of the emissions reductions 
needed to meet the UK’s 2030 Nationally Determined Contribution (2030 being the 
halfway year of the 5th carbon budget, 2028-2032) and a quarter of those needed to 
meet the 6th Carbon Budget (2033-2037).   

24 In May 2024, the High Court found that the Government’s climate plan (the Carbon 
Budget Delivery Plan) to be unlawful for the second time11.  In Court, it was 
revealed that the Government’s own assessments revealed huge doubt that its 
climate policies could actually be delivered and generate their intended carbon 
savings.  The Court also found that they had not been properly risk assessed with 
information on risks to individual policies absent from the plan. 

25 Should gas-CCS and blue hydrogen be built out to 2030, significant new emissions 
will be generated with very little, if any, industrial decarbonisation to compensate. 
Achieving the fifth carbon budget and the UK’s 2030 international obligation (NDC) 
are already highly risked.  There are simply not spare emission reductions else 

6 NAO, “Summary”, bullet 1  

7 NAO, “Summary”, bullet 24  
8 NESO report, page 8
9 One pathway successfully builds 50 GW of offshore wind by 2030, but with  no new dispatchable power from hydrogen or gas with 
CCS (called “Further Flex and Renewables”).  The other pathway delivers 43 GW offshore wind and new dispatchable plants, totalling 
2.7 GW (called “New Dispatch”).  
10 CCC, July 2024, “Progress in reducing emissions 2024 Report to Parliament”, Page 14 (description to Figure 2), 
https://www.theccc.org.uk/publication/progress-in-reducing-emissions-2024-report-to-parliament/ 
11 Friends of the Earth, May 2024, “High Court judgment on government's climate plan”, https://friendsoftheearth.uk/climate/high-court-
judgment-governments-climate-plan 

https://www.theccc.org.uk/publication/progress-in-reducing-emissions-2024-report-to-parliament/
https://friendsoftheearth.uk/climate/high-court-judgment-governments-climate-plan
https://friendsoftheearth.uk/climate/high-court-judgment-governments-climate-plan
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where in the economy to make up for increased emissions being added to the 
Power and Fuel Supply sectors.  These are the two sectors where gas-CCS and 
blue hydrogen generate most of their UK territorial emissions.  

26 This does not make sense either as climate policy or as value for money from the 
CCUS programme. 

27 There is a further issue that the international climate impacts of these technologies 
in the natural gas supply chain have not been fully considered, again discussed 
later.

28 The CCUS programme also risks going against the growing scientific consensus12,13

 that 100% of our energy needs can be met by renewables without CCS—
with Oxford University reporting14 that scaling-up key green technologies like 
energy storage, solar and wind for decarbonisation will save the world $12 trillion, 
and that the more rapidly these technologies are deployed, the more money will be 
saved.  

29 There is a huge opportunity cost with the CCUS programme in its diversion of 
funding away from technology which genuinely reduces carbon emissions, 
saves money and keeps the UK closer to being on track with its national and 
international climate obligations. 

30 The NESO report shows that CCUS is not required for the UK energy system 
before 2030.  

31 There may be CCS applications which are valuable to develop as part of UK 
climate plans, for example in industrial and waste processes, and CEPP considers 
that any development of these should be considered in a different way to the 
current CCUS programme architecture based around clusters. 

3.3 The cluster model: emissions bake in, and very high risks and low value for 
money for climate policy

32 The NAO report outlines the history of the cluster model: that DESNZ sought to 
learn lessons from the two previous attempts15 since 2007 to support CCUS in the 

12 Oxford Brookes University, 2022, “Researchers agree: The world can reach a 100% renewable energy system by or before 2050”, 
https://www.brookes.ac.uk/about-brookes/news/2022/08/researchers-agree-the-world-can-reach-a-100-renewa
13 Breyer et al, 2022, “On the History and Future of 100% Renewable Energy Systems Research”, 
https://ieeexplore.ieee.org/document/9837910 
14 “Decarbonising the energy system by 2050 could save trillions - Oxford study”, https://www.ox.ac.uk/news/2022-09-14-decarbonising-
energy-system-2050-could-save-trillions-oxford-study  

15 See NAO, Figure 2 which shows the first CCUS programme (Nov 2007-Nov 2011), the second CCUS programme (April 2012-Nov 
2015) and the current third programme (Nov 2018 – present)

16 NAO, Part 1, 1.12
17 Currently four industrial clusters have been announced across the UK: HyNet and the East Coast Cluster in Track-1, Acorn and Viking 
in Track-2.  The East Coast Cluster covers Teesside and Humberside, but the Track 1 projects are exclusively in the Teesside area 
under the Net Zero Teesside cluster.  
18 Track 2: Viking: Details of this cluster appear not to be in the public domain 
19 Track-1: Net Zero Teesside: Start-up project is Net Zero Teesside Power, carbon capture enabled gas fired electricity station

Track 2: Acorn: Peterhead, carbon capture enabled gas fired electricity station
20 Track-1: HyNet: HyNet Hydrogen Production Plant, Phase 1

https://www.brookes.ac.uk/about-brookes/news/2022/08/researchers-agree-the-world-can-reach-a-100-renewa
https://ieeexplore.ieee.org/document/9837910
https://www.ox.ac.uk/news/2022-09-14-decarbonising-energy-system-2050-could-save-trillions-oxford-study
https://www.ox.ac.uk/news/2022-09-14-decarbonising-energy-system-2050-could-save-trillions-oxford-study
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design16 of the current CCUS programme which includes using a model of industrial 
clusters17, splitting the chain, creating a pipeline of projects and working with HM 
Treasury on funding availability. In this submission, I examine the impact of this 
cluster based architecture on full life-cycle greenhouse gas emissions (GHGs).  

33 Each proposed cluster in this model has a CO2 capture enabled “start-up” project 
with CO2 capture which is designed to be delivered alongside the ‘split-off’ project 
to develop the CO2 transport and storage infrastructure.   Where known18, the start-
up project at the core of each cluster is either a gas-CCS19 or a blue hydrogen plant20

.  This is CEPP’s point above about the centrality and dominance of gas-CCS and 
blue hydrogen: in each known case such a plant is used to ‘bootstrap’ the cluster. 
However, both technologies have a very high greenhouse gas emission footprint, 
as will be described later.  The impact of this highly negative footprint comes before 
any follow up third-party emitters21 can be added to the cluster.  This may be years 
later, and in the meantime, very large emissions will be generated, contrary to the 
direction of travel towards Net Zero and not aligning to meeting near term carbon 
budgets. This is very high risk and low value for money for UK climate policy.

34 Overall, by front loading very high emitting technology at the outset, the cluster 
model is, at best, an extremely inefficient way to deliver some possible industrial 
decarbonisation later.  This inefficiency essentially means it is a very low value for 
money route to decarbonisation.  It is also a route that they may fail completely 
because the later decarbonisation benefits will always be outweighed by the cost of 
the baked in emissions from the gas-CCS and blue hydrogen sitting centrally in 
each cluster.  

35 The point above on the very large emissions from these start-up project 
technologies is made in DESNZ’s “Overarching National Policy Statement for 
Energy (EN-1)”22 where it states at 5.3.11:

“Operational GHG emissions are a significant adverse impact from some 
types of energy infrastructure which cannot be totally avoided (even with full 
deployment of CCS technology).” 

36 Picking up on the point above that industrial and waste decarbonisation projects 
may trail years behind high emitter start-up projects, NAO note that in March 2023, 
DESNZ announced that it had short-listed eight emitter projects in Track-123.  
According to a recent press report from S&P Global, the number of projects being 
brought forward for funding under Track-1 since the October 4th 2024 Government 
announcement on CCUS has now been reduced to five24.  

37 If this report is correct, then for the East Coast Cluster, only the start-up Net Zero 
Teesside gas-CCS plant and the ‘split-off’ Northern Endurance Partnership CO2 
transport and storage system would get first tranche funding.  In other words, no 

21 Those subsequent emitter projects which use the transport and storage infrastructure, once the start-up project is complete and the 
CO2 transport and storage infrastructure is operational.  

22 “Overarching National Policy Statement for energy (EN-1)”, DESNZ, 17 January 2024.   This is Planning guidance for developers of 
nationally significant energy infrastructure projects, issued under the Planning Act 2008.  
https://www.gov.uk/government/publications/overarching-national-policy-statement-for-energy-en-1 
23 NAO, Part 1, bullet 4
24 “UK government gives funding to just three of first CCUS cluster projects”, 9 October 2024, S&P Global, 
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/100924-uk-government-gives-funding-to-
just-three-of-first-ccus-cluster-projects 

https://www.gov.uk/government/publications/overarching-national-policy-statement-for-energy-en-1
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/100924-uk-government-gives-funding-to-just-three-of-first-ccus-cluster-projects
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/100924-uk-government-gives-funding-to-just-three-of-first-ccus-cluster-projects


Written evidence submitted by Climate Emergency Policy and Planning 
(CEPP) (CCUS0018)

follow up emitters are to receive funding in this round.  The next project in the East 
Coast Cluster, the H2 Teesside blue hydrogen plant, is still in planning with 
planning approval in late August 2025 at the earliest.

38 For the HyNet North West cluster, S&P Global report a similar situation with the first 
phase of EET blue hydrogen plant (350-MW HPP1) and Eni's Liverpool Bay CO2 
transport and storage system due for funding, and just one follow up emitter 
project, Protos' CCS-enabled energy from waste facility.  

39 Based on eight projects, NAO notes25 that DESNZ plans to identify additional 
emitters that could join these clusters later, known as Track-1 expansion.  However, 
it appears currently there is Track-1 contraction.  The effect discussed above of 
front-loading high emitter projects will have very real impacts to carbon budgets 
and for value for money for any possible industrial decarbonisation delivered later.

40 Further uncertainty and risks come from the emitter projects for the Track-2 Acorn 
and Viking clusters currently being unknown26.

41 All of this suggests that gas-CCS and blue hydrogen projects, with their very high 
carbon footprints, would be central and dominant in Track-1 and Track-2 CCUS 
clusters for the foreseeable future, at least to the end of the fifth carbon budget in 
2032.  

42 I should emphasise that CEPP does not see this as merely a sequencing issue, 
and that if somehow bringing on third party emitters could be accelerated, then the 
risks to climate policy, and the poor value for money for possible later industrial 
decarbonisation, would recede.  

43 CEPP sees the centrality and dominance of high emitting gas-CCS and blue 
hydrogen as a fundamental flaw in the architecture of the proposed CCUS 
programme for the longer term too.  Having such high emitting plants as baked-in 
elements in the energy system until the 2060s and beyond is not consistent with 
Net Zero and other climate targets.  It does not provide good value for money 
against the alternative of the UK developing along a renewables pathway without 
CCUS clusters as NESO shows (see later) is possible until 2030, and the research 
highlighted above shows saves money in the longer term. 

44 If there are merits in some decarbonisation by CCS in the industry and waste 
sectors, then it must be developed outside of the current CCUS programme 
architecture with its flawed lock-in of front-loaded highly emitting projects.  
However, the committee should note electrification alternatives are being 
developed for industrial processes like concrete27 and steel production28, and the 
CCUS programme, conceived before these developments, risks suppressing 
innovation in finding more efficient and value for money methods.  If CCS is needed 
for some industrial decarbonisation projects, then this may be done by developing 
the necessary transport and storage network without gas-CCS and blue hydrogen 
as bootstrapping start-up projects.  

25 NAO, Part 1, bullet 4
26 NAO, Part 3, 3.15
27 https://earthfriendlyconcrete.com/ 
28 “Electric arc furnaces: the technology poised to make British steelmaking more sustainable”, https://theconversation.com/electric-arc-
furnaces-the-technology-poised-to-make-british-steelmaking-more-sustainable-214756 

https://earthfriendlyconcrete.com/
https://theconversation.com/electric-arc-furnaces-the-technology-poised-to-make-british-steelmaking-more-sustainable-214756
https://theconversation.com/electric-arc-furnaces-the-technology-poised-to-make-british-steelmaking-more-sustainable-214756
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3.4 Why are the CCUS programme’s climate credentials now being challenged?

45 Two letters from scientists and campaigners have been written recently to the 
DESNZ Secretary of State about the UK CCUS programme: one before the Oct 4th 
announcement (see first letter in Appendix D, September 11th 2024), and one after 
(see second letter, October 18th letter, in Appendix E).  These letters highlighted 
how the full lifecycle GHG emissions have been systemically underestimated 
amongst other issues including hydrogen leakage, storage and transport issues, 
health and safety, monitoring and enforcement, and better alternatives for 
investment.

46 Although many have been warning about the issues for considerable time, the key 
reason that the issue has now come to a head with an extremely contentious 
debate around the CCUS programme on-going is that full lifecycle GHG emissions 
have been systemically underestimated in the policy decision making which has led 
to the current CCUS programme.  

47 DESNZ and the CCC have both baked-in the CCUS programme in plans since 
2018 and have ignored the warnings from outside their own policy making bubble.  
As the science has become clearer and clearer as to the very high climate impacts 
of both gas-CCS and blue hydrogen, they have locked-in harder to existing policy 
which increasingly does not make sense either for climate goals or for value for 
money. 

48 When gas is imported, upstream emissions from the natural gas supply chain are 
generated both within UK territory and outside of it.  The evidence given later 
shows that the vast majority of these emissions may be in ex-territorial international 
shipping and in the gas source countries.  With North Sea gas declining, 
implementation of gas-CCS and blue hydrogen will create a demand from the UK 
for increased imports.  The further issue is that UK policy making has 
predominantly been concerned only those emissions which come under the UK 
territorially based Climate Change Act 2008.  A recent FoI (see Appendix F) shows 
for example that calculations for the CCC Sixth Carbon budget report were made in 
line with “territorial emissions accounting”.  In other words, the UK has developed 
its own climate policy incorporating CCUS without concern for the impact from the 
natural gas demand on international climate impacts.  In global terms, this is policy 
development in a vacuum.  I later make an illustrative calculation which shows that 
each TWh of demand for gas-CCS electricity under the CCUS programme creates 
more climate pollution in outside the UK, than the UK would collect to store under 
the North Sea.

49 Following the October 4th announcement of £22bn for CCUS, the issues 
described above need to be addressed now.  CEPP welcome the Public 
Accounts Committee inquiry, and hope that the issues raised here will be 
investigated fully.  Value for money for the CCUS programme is deeply 
intertwined with how climate policy is developed, so the potential failings of 
UK climate policy must be addressed to by the committee as they have also 
been by the Courts29 in recent years.  

29 With the Net Zero Strategy and Carbo Budget Delivery Plan being found twice to be unlawful at the High Court
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50 Scientists and campaigners have asked for a pause and review before any 
money is committed to funding the CCUS programme, as described above.  
Moving to any Final Investment Decisions (FIDs) on the CCUS programme 
would be disastrous as the risks to climate policy and value for money in 
delivering it, as well the opportunity costs in developing better policies, 
become clearer by the day.

3.5 Funding without full climate impact and value for money assessment

51 A further risk that has emerged from a report this summer from the Subsidy Advice 
Unit (SAU) into funding hydrogen plants30, including high carbon emitting blue 
hydrogen.   As background, the Energy and Environment principles of the Subsidy 
Control Act are given in Schedule B31 where Principle H states that subsidies must 
achieve an overall reduction in GHGs.  The relevant guidance32 is clear 
that Principle H requires subsidies must achieve an overall reduction in GHG 
(Guidance 4.61), and that all GHGs must be considered including methane which is 
a known upstream effect of gas-CCS and blue hydrogen developments, and nitrous 
oxide which would be formed as result of likely hydrogen leakage (Guidance 4.62), 
and that there should be consideration of "... sectors that are not in receipt of the 
subsidy" e.g. genuine renewables and demand reduction such as retrofit. 
(Guidance 4.67).   

52 However, SAU found at 3.79 of their report that DESNZ did not consider in its 
assessment that it needed to follow Principle H:

“The Assessment does not assess Principle H as it concludes that it is not 
applicable to the Scheme. The reasoning advanced is that the Scheme will 
subsidise the construction of CCUS-enabled low carbon hydrogen 
production plants and not their operation. However, we note that the 
assessment of Principle B considers the operation of the plants, and the 
Assessment of the subsidy control principles takes account of benefits 
arising from operation of the plants.”

53 It appears that DESNZ consider that its CCUS plans are exempted from a 
requirement that decarbonisation projects should actually reduce 
greenhouse gas emissions.  This is of great concern given that the evidence 
CEPP is providing here that first the CCUS programme with its central dominance 
of gas-CCS and blue hydrogen will increase emissions significantly (both in the 
short-term and into the longer term), and that this is a key risk to value for money.  

54 CEPP hope that committee share this concern, and will investigate the 
currently unsatisfactory situation that CCUS related funding decisions for 
subsidies can be made without having made an assessment of whether a 
project actually reduces emissions, and with assessment of the risks to value 
for money if it does not.   

30 Final report of the Subsidy Advice Unit into Strand 4 of the Net Zero Hydrogen fund, Sept 11th 2024, 
https://www.gov.uk/government/publications/report-on-the-proposed-net-zero-hydrogen-fund-nzhf-carbon-capture-use-and-storage-
ccus-scheme-by-the-department-for-energy-security-and-net-zero 
31 https://www.legislation.gov.uk/ukpga/2022/23/schedule/2
32 https://assets.publishing.service.gov.uk/media/658025b295bf65000d719140/uk_subsidy_control_regime_statutory_guidance.pdf 

https://www.gov.uk/government/publications/report-on-the-proposed-net-zero-hydrogen-fund-nzhf-carbon-capture-use-and-storage-ccus-scheme-by-the-department-for-energy-security-and-net-zero
https://www.gov.uk/government/publications/report-on-the-proposed-net-zero-hydrogen-fund-nzhf-carbon-capture-use-and-storage-ccus-scheme-by-the-department-for-energy-security-and-net-zero
https://www.legislation.gov.uk/ukpga/2022/23/schedule/2
https://assets.publishing.service.gov.uk/media/658025b295bf65000d719140/uk_subsidy_control_regime_statutory_guidance.pdf
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4 OVERALL PROBLEMS WITH CLUSTER BASED CCUS IN CLIMATE MITIGATION 
POLICY

4.1 Full lifecycle GHG emissions have been systemically underestimated

55 Since the beginning of the new CCUS cluster programme in 2018, considerably 
more scientific and technical information is known about the full lifecycle carbon 
emissions of CCS enabled gas fired electricity generation and CCS enabled 
hydrogen production which comprise the known start-up projects for three of the 
four Track-1 and Track-2 clusters.   

56 Key to the emerging issues is that these technologies use natural gas as their 
primary input or fuel, and their full lifecycle emissions have been underreported due 
to the systemic underestimation of ‘upstream emissions’ in the natural gas supply 
chain, especially for methane leakage, and other factors (see below).  

57 Methane emissions are central, and the true extent of methane leakage has only 
become clearly apparent in recent years with the advent and rapid development of 
accurate methane detection by satellite and other remote imaging tools.  

Figure 1: Recent map of methane leaks from new Tanager-1 satellite 

58 The map from Carbon Mapper shows the first methane and carbon dioxide (CO2) 
detections by the Tanager-1 satellite33 launched in August 2024  which can detect 
individual leaks.  Note the high density of leakage in the southern US, a large 
exporter of Liquified Natural Gas (LNG).   

59 CEPP now go into depth on this and other factors which lead to underestimation of 
climate impacts of gas-CCS and blue hydrogen projects. 

60 This section addresses the climate impacts which come from the centrality and 
dominance of gas-CCS and blue hydrogen in the overall CCUS programme 
discussed above.  If these highly polluting technologies are locked-in as start-up 
projects in CCUS clusters, but continue to operate past Net Zero in 2050, and past 

33 More information: NASA, October 10th 2024, “Tanager-1 First Methane and Carbon Dioxide Plume Detections”, 
https://www.jpl.nasa.gov/images/pia26416-tanager-1-first-methane-and-carbon-dioxide-plume-detections/   ; “Carbon Mapper Releases 
First Emissions Detections from the Tanager-1 Satellite”, https://www.prnewswire.com/news-releases/carbon-mapper-releases-first-
emissions-detections-from-the-tanager-1-satellite-302272245.html ; Dashboard, map https://data.carbonmapper.org/#1/30.8/50.5   

https://www.jpl.nasa.gov/images/pia26416-tanager-1-first-methane-and-carbon-dioxide-plume-detections/
https://www.prnewswire.com/news-releases/carbon-mapper-releases-first-emissions-detections-from-the-tanager-1-satellite-302272245.html
https://www.prnewswire.com/news-releases/carbon-mapper-releases-first-emissions-detections-from-the-tanager-1-satellite-302272245.html
https://data.carbonmapper.org/#1/30.8/50.5
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2060 for those introduced in the 2030s, the overall CCUS programme will fail to 
meet its objectives in respect of delivering net-zero.    

61 Later failure to meet Net Zero and other climate targets will be due to the very large 
carbon footprint being largely ignored during the evolution of the current CCUS 
programme since 2018. 

62 The four key ways that the carbon footprint is underestimated are now described.

4.2 Overestimation of carbon capture rate

63 The schemes coming forward in the UK are claiming carbon capture rates which 
exceed those demonstrated by any commercial system today.  For example under 
Track 1, the promoters of gas-CCS plant Net Zero Teesside Power claims 90% 
capture rate whilst the promoter of blue hydrogen plant H2 Teesside claims 95% 
capture rate. 

64 However, CCS has a poor track record of capturing CO2 from combustion and 
hydrogen processing (known as Scope 1 emissions).  The Institute of Energy 
Economics and Financial Analysis (IEEFA) have recently researched the CCS 
market and reviewed existing commercial projects34, as below:

Figure 2: IEEFA: Real World CO2 Capture (2024) 

65 Despite no gas-CCS system ever having been constructed at a commercial scale, 
90% capture is nevertheless being promised for Net Zero Teesside (Track-1) and at 
Peterhead (Track-2).  For blue hydrogen production, no more than 80% capture 
has ever been achieved, yet 95% is being promised for H2 Teesside (Track-1).  

34 Institute of Energy Economics and Financial Analysis (IEEFA), Morrison, K, “The Good, the Bad, and the Ugly reality about CCS 
(Carbon Capture and Storage)”, slide 12, https://ieefa.org/sites/default/files/2024-03/CCSpresentation4-MPCMarch24_CK.pdf 

https://ieefa.org/sites/default/files/2024-03/CCSpresentation4-MPCMarch24_CK.pdf
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66 No satisfactory evidence has been provided why the projects in the UK CCUS 
programme should now considerably exceed what existing commercial projects are 
achieving.  

67 The committee should note that the provisional documentation for the Dispatchable 
Power Agreement gas-CCS plants only requires that plants will need to achieve a 
minimum capture rate of 70% in order to receive subsidy payments35.  This strongly 
suggest that scheme promoters are not confident of reaching the much high 
capture rates which they promise.  

68 The risk that these projects are unable to deliver on claimed capture rates must 
therefore be considered high, and appraisal of greenhouse gas impacts should be 
made on the basis of more precautionary capture rates in line with performance of 
existing commercial sites. 

69 The risk from overstated carbon capture rates is compounded by a more 
fundamental problem. That is that the majority of greenhouse gas emissions 
associated with gas-CCS and blue hydrogen plants have now been 
demonstrated to occur in the upstream and downstream parts of the process 
and are therefore not subject to capture by the CCS equipment.  These are 
described now. 

4.3 Venting of CO2 is not included

70 When the CCS plants, or CO2 compressors, or the CO2 Transport and Storage 
network are being maintained, CO2 will be vented to the atmosphere.  This is a 
downstream Scope 3 emission type.  The promoters of Net Zero Teesside 
estimated that the availability of the CO2 transport and storage system would be 
93.5%36.   NZT calculated that this amounted to 3,592,523 tonnes of CO2 over 25 
years37. This figure equates to an additional carbon intensity component of 25.0 
gCO2/KWh in the power station footprint (see calculations later). 

4.4 Upstream emission factors: underestimated and don’t reflect changes to 
natural gas supply

71 Upstream emissions relate to the supply chain emissions in the natural gas supply.  
They involve leakage of methane (natural gas) from extraction and pipelines.  
Where Liquified Natural Gas (LNG) is the supply, they also involve methane 
leakage from compressing the gas, and regasifying it, and also shipping emissions.  
These are upstream Scope 3 emissions, both CO2 and methane. To obtain an 
accurate measure of these emissions is a very complex area as it is dependent 
upon industry practices across many nations, and the changing nature of the UK 
natural gas supply.

35 DESNZ (2024) - Dispatchable Power Agreement (DPA) Provisional Heads of Terms, 
https://assets.publishing.service.gov.uk/media/615b02b6d3bf7f55fe946b62/dpa-provisional-heads-terms-
october-2021-annex-a.pdf 
36 Net Zero Teesside Planning Examination, Document 9.29 - “Cumulative GHG Onshore and Offshore Assessment August 2022”, 
section 3.3.4, https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002075-
NZT%20DCO%209.29%20-
%20Cumulative%20GHG%20Onshore%20and%20Offshore%20Assessment%20August%202022%20(D6).pdf  

37 Net Zero Teesside Planning Examination, Document 9.29, Table 3-3.   

https://assets.publishing.service.gov.uk/media/615b02b6d3bf7f55fe946b62/dpa-provisional-heads-terms-october-2021-annex-a.pdf
https://assets.publishing.service.gov.uk/media/615b02b6d3bf7f55fe946b62/dpa-provisional-heads-terms-october-2021-annex-a.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002075-NZT%20DCO%209.29%20-%20Cumulative%20GHG%20Onshore%20and%20Offshore%20Assessment%20August%202022%20(D6).pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002075-NZT%20DCO%209.29%20-%20Cumulative%20GHG%20Onshore%20and%20Offshore%20Assessment%20August%202022%20(D6).pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002075-NZT%20DCO%209.29%20-%20Cumulative%20GHG%20Onshore%20and%20Offshore%20Assessment%20August%202022%20(D6).pdf
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72 The key message is that upstream emissions in the natural gas supply chain 
have been systemically underestimated, and this is now coming to light both 
from real-world evidence such as satellite methane detection, and academic 
analysis.  Of the latter, the October 2024 paper by Professor Robert Howarth38 is a 
landmark study which shows that due to the powerful warming impact of methane 
leaks and shipping emissions along the supply chain for LNG exported from the 
US, only a third of greenhouse gas emissions occur at the point of use (eg at a UK 
gas-CCS or blue hydrogen plant).  So even if CCS were to achieve a high capture 
rate, around the 2/3rds of the carbon footprint arising elsewhere in the supply chain 
cannot be mitigated.  Pre-publication drafts of this paper resulted in the Biden 
administration pausing new licences for LNG export from the US39 in January 
2024—a pause which remains in force today.  

73 A recent report from Carbon Tracker “Kind of Blue”40 sets out in detail the key 
issues which act together to compound the climate impact of gas-CCS or blue 
hydrogen production, including:

 
(a) The emission factors used for upstream emissions in the natural gas supply 

chain are underestimated.  There are two compounding factors – 
underestimating the methane leakage in any particular source of natural gas 
and underestimating the effects of the changing balance of UK natural gas 
between UK and Norwegian gas (lower upstream emissions) and imported gas, 
especially LNG (higher upstream emissions).

(b) Although DESNZ publishes emissions factors annually, underestimating has 
been historically perpetuated by using data self-reported by fossil fuel 
companies, and based on unpublished estimated leakage rates from up to 40 
years ago.  

A 2023 paper41 in the Royal Society of Chemistry journal Energy & 
Environmental Science (“RSC paper”) reported on the likely substantial 
underestimation of reported methane emissions from United Kingdom upstream 
oil and gas activities.   The paper found that the total UK methane CH4 
emissions from flaring, combustion, processing, venting, and Oil & Gas transfer 
to be 289 Gg CH4 (0.72% of production).  This figure is five times larger than the 
estimate from United Kingdom (UK) government’s National Atmospheric 
Emissions Inventory (NAEI) is used to provide UK greenhouse gas emission 
data to the United Nations Framework Convention on Climate Change.  NAEI 
estimated the equivalent figure for 2019 to be 52 Gg CH4, corresponding to the 
loss of 0.14% of production.  The paper stated, “The difference between current 
estimates used by NAEI and our estimates, which use more recent research 
findings, strongly suggests that the current methods of compiling national GHG 
inventories in the UK, and likely elsewhere, are outdated (oldest [Emission 
Factor] derived in 1982) and systematically underestimate emissions.”  The 

38 Howarth, “The greenhouse gas footprint of liquefied natural gas (LNG) exported from the United States”, Energy Science & 
Engineering, October 2024, https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934

39 White House Fact Sheet, “Biden-Harris Administration Announces Temporary Pause on Pending Approvals of Liquefied Natural Gas 
Exports”, https://www.whitehouse.gov/briefing-room/statements-releases/2024/01/26/fact-sheet-biden-harris-administration-announces-
temporary-pause-on-pending-approvals-of-liquefied-natural-gas-exports/ 
40 Carbon Tracker, “Kind of Blue”, 2024, https://carbontracker.org/reports/kind-of-blue/
41 Stuart N. Riddick, Denise L. Mauzerall. Likely substantial underestimation of reported methane emissions from United Kingdom 
upstream oil and gas activities. Energy & Environmental Science, 2023; 16 (1): 295 DOI: 10.1039/d2ee03072a, 
https://pubs.rsc.org/en/content/articlehtml/2023/ee/d2ee03072a  

https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934
https://www.whitehouse.gov/briefing-room/statements-releases/2024/01/26/fact-sheet-biden-harris-administration-announces-temporary-pause-on-pending-approvals-of-liquefied-natural-gas-exports/
https://www.whitehouse.gov/briefing-room/statements-releases/2024/01/26/fact-sheet-biden-harris-administration-announces-temporary-pause-on-pending-approvals-of-liquefied-natural-gas-exports/
https://carbontracker.org/reports/kind-of-blue/
https://pubs.rsc.org/en/content/articlehtml/2023/ee/d2ee03072a
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reason given was “Most of the emission estimates are derived using a bottom up 
approach that takes 30 to 40 year-old [Emission Factor]s from available 
unpublished literature (flaring and loss in pipelines), unavailable unpublished 
literature (venting and offshore oil unloading) or expert opinion 
(fugitive emissions).” 

This is one example of how in recent years, satellite and remote sensing has 
achieved much a more accurate picture of upstream methane emissions, and 
that this is revealing this systemic underestimation42.   

(c) The source of the natural gas is important given the very different scale of 
emissions possible43. LNG imports have a much greater upstream emission 
footprint than UK domestic or Norwegian pipeline sources, see below. 

Figure 3: Carbon intensity for different Natural Gas supplies44 
(the lighter shading shows the range of carbon intensities)

(d) UK sources of natural gas are declining, and imports are growing45. 

42 Carbon Tracker, “Kind of Blue”, page 14  “Numerous independent reports have pointed out that there is still a large gap between the 
emissions self-reported by major fossil fuel companies and emissions estimated via satellites or remote sensing <footnote 26>. In 
particular, the IEA reports that most of the self-reporting is today based on reference values instead of measured emissions and that the 
difference between the two approaches could be massive.”
43 Carbon Tracker, “Kind of Blue”, page 13, “Upstream emissions vary widely depending on the origin of natural gas, due to different 
extraction processes (conventional, fracking), transportation (pipeline, LNG shipping) and the leakages in the full supply chain.”  
44 Carbon Tracker, “Kind of Blue”, page 13,
45 Carbon Tracker, Kind of Blue, page 14, “Natural gas production in the UK has been in steep decline since the 2000s and, in the last 
ten years, it stabilised around half of the national supply with the rest being imported via pipeline (mostly from Norway) or LNG. 
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(e) LNG imports are predicted to grow, and DESNZ’s December 2023 report “The 
role of gas storage and other forms of flexibility in security of supply”46, notes:

“… the UK’s import dependence for both LNG and interconnector gas 
supply is projected to rise from a predicted 13% in 2023 to around 32% 
by 2030. This is forecast to peak at around 58% in 2045, falling to 50% 
by 2050. It is likely that LNG will make up a significant proportion of 
these future gas imports.”  

Although interconnector and LNG supplies are conglomerated in the above 
quote, based on DESNZ Statistics from March 2024, Carbon Tracker  estimated 
that in 2023 LNG accounted already for 24% of the UK’s total gas supply47

Critically, the DESNZ December 2023 report also identified that further research 
and analysis was required48 on the methane emission intensity from the gas 
supply: 

“As we import more gas, we are also mindful that the level of greenhouse 
gas emissions from overseas extraction, liquefaction and shipping of 
LNG varies considerably and is, in many cases, higher than UKCS49 
production. NSTA research shows that the production and transportation 
emissions of CO2 associated with LNG imports are on average over 
quadruple the global emission intensity of UKCS gas production. Further 
research and analysis is needed to develop our understanding of the 
methane emissions intensity of different sources of gas supply.”

74 The overall scale of CCUS planned in the UK will also become a driver for 
increased LNG imports.  Carbon Tracker find that 4 GW of blue hydrogen and 9 
GW of gas-CCS plants are planned by 203550, and report that:

“We estimate that if all the gas-based CCUS projects proposed by the UK’s 
Net Zero strategy are built, by 2035 new gas demand could two times 
greater than the projected domestic production requiring an inevitable 
reliance on LNG imports.”

Carbon Tracker have also developed a model of a long-term gas outlook built on 
UK Government and other projections which broadly shows that, even assuming 
the unlikely development of new gas licenses in the 2030s, the 2030s the share of 
imported LNG could average around 50%51.   

Domestic production is expected to drop further in the coming decades while pipeline imports from Norway are also expected to 
decrease, though more slowly.” 
46 DESNZ, December 2023, “Role of gas storage and other forms of flexibility in security of supply”, pages 19-20, 
https://www.gov.uk/government/publications/role-of-gas-storage-and-other-forms-of-flexibility-in-security-of-supply 
47 Carbon Tracker, “Kind of Blue”, page 16
48 DESNZ, December 2023, “Role of gas storage and other forms of flexibility in security of supply”, pages 19-20, 
https://www.gov.uk/government/publications/role-of-gas-storage-and-other-forms-of-flexibility-in-security-of-supply 
49 UK Continental Shelf
50 Carbon Tracker, “Kind of Blue”, Pages 26-27
51 Lorenzo Sani, Carbon Tracker, personal communication, Sept 2024

https://www.gov.uk/government/publications/role-of-gas-storage-and-other-forms-of-flexibility-in-security-of-supply
https://www.gov.uk/government/publications/role-of-gas-storage-and-other-forms-of-flexibility-in-security-of-supply
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75 The evidence is that imported LNG will play a significant role in meeting UK natural 
gas demand. Since cheaper pipeline gas will always be utilised first before turning 
to expensive LNG, any extra demand created by investing in new gas power 
stations or blue hydrogen production will, at a national level, be met entirely by 
imported LNG. Life cycle assessments for new CCS-enabled plants, such as 
the Track-1 and Track-2 start-up projects should therefore treat the methane 
gas input as 100% provided by LNG imports.  This also applies for 
understanding the impact of the CCUS programme on carbon budgets as explored 
later in this document, and the impact of that on the value for money of the CCUS 
programme. 

76 The DESNZ emission factors are mostly based on a 2015 report from Exergia52.  
The nine-year old report does not reflect the latest scientific findings on upstream 
emissions, particularly the more accurate measurement by satellites and remote 
sensing available now.  The evidence base of this Exergia report is most likely 
outdated.  It is imperative for DESNZ to update its methodology and assessment of 
emission factors.     

77 In summary, the upstream GHG footprint for the UK natural gas supply is 
underestimated by existing emissions factors, and the growth of high carbon 
intensity imports are overlooked in emission factors.  In short, the emission 
factor(s) used by DESNZ is an out-of-date underestimate as shown by recent 
measurements by satellites or remote sensing, academic analysis, and does 
not reflect future scenarios of gas supply.

4.5 The rapidly evolving science on methane emissions and their impact of the 
global climate

78 As described, the most significant carbon footprint for the Track-1 and Track-2 gas-
CCS and blue-hydrogen plants comes from methane and other upstream 
emissions in the supply of the gas.  A further issue is that methane has a half-life in 
the atmosphere of around 10 years which means that its effects on global heating 
is concentrated in the first 20 years from its release.  This shown in the figure53 
below which shows the atmospheric effect, known a “radiative forcing” (blue line), of 
a methane pulse in 2010 being largely complete by 2030 (although actual physical 
temperature change trails in time).  

52 https://energy.ec.europa.eu/system/files/2015-
08/Study%2520on%2520Actual%2520GHG%2520Data%2520Oil%2520Gas%2520Final%2520Report_0.pdf 

53 From: Balcombe etc al, 2018, “Methane emissions: choosing the right climate metric and time horizon”, 
https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e 

https://energy.ec.europa.eu/system/files/2015-08/Study%2520on%2520Actual%2520GHG%2520Data%2520Oil%2520Gas%2520Final%2520Report_0.pdf
https://energy.ec.europa.eu/system/files/2015-08/Study%2520on%2520Actual%2520GHG%2520Data%2520Oil%2520Gas%2520Final%2520Report_0.pdf
https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e
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Figure 4:  The short sharp effect of methane emissions

79 It is urgent to reduce methane emissions.  This was recognised by global policy 
initiatives like the Global Methane Pledge54 signed by over 150 countries55 at the 
United Nations Climate Change conference in November 2021 (COP26), including 
the UK as COP26 host country.  The UN said in 2021 that sharp cuts to methane 
(45% this decade) would avoid nearly 0.3° of warming by 204556.  Yet in 
September, Carbon Brief reported that levels of methane in the atmosphere have 
soared by record-breaking amounts since 202057. 

80 Urgent action on methane emissions is even more important following recent 
science finding that we are closer to crossing dangerous tipping points than 
previously thought. Of key concern is the abrupt collapse of the Atlantic Meridional 
Overturning Circulation (AMOC) ocean current which stops UK temperatures 
plunging to those seen in northern Canada—which several new studies now find 
could well start irreversibly within the next few decades on current emissions 
trajectories58.

81 Despite, these very significant concerns about methane emissions, the emissions 
factors (such as the DESNZ ones) used to model and assess upstream emissions 
from CCS plants use an outdated model of the radiative effects and climate 
impacts.  This is due to a historical quirk from international standards developed in 
the 1990s which model methane’s climate impact over 100 years rather than over 
the much more realistic 20 years.  By effectively spreading the radiative forcing 
effect over 100 years, this approach significantly underestimates methane’s impact 

54 https://www.globalmethanepledge.org/
55 Now signed by over 150 countries, Carbon Brief, https://www.carbonbrief.org/qa-why-methane-levels-are-rising-with-no-hint-of-a-
decline/ 
56 UNEP, May 2021, “Global Assessment: Urgent steps must be taken to reduce methane emissions this decade, 
https://www.unep.org/news-and-stories/press-release/global-assessment-urgent-steps-must-be-taken-reduce-methane 
57 Carbon Brief, 10 September 2024, “Q&A: Why methane levels are rising with no ‘hint of a decline’”, https://www.carbonbrief.org/qa-
why-methane-levels-are-rising-with-no-hint-of-a-decline/ 
58 Rahmstorf, Oceanography, April 2024, “Is the Atlantic Overturning Circulation Approaching a Tipping Point?”, 
https://tos.org/oceanography/article/is-the-atlantic-overturning-circulation-approaching-a-tipping-point 

https://www.globalmethanepledge.org/
https://www.carbonbrief.org/qa-why-methane-levels-are-rising-with-no-hint-of-a-decline/
https://www.carbonbrief.org/qa-why-methane-levels-are-rising-with-no-hint-of-a-decline/
https://www.unep.org/news-and-stories/press-release/global-assessment-urgent-steps-must-be-taken-reduce-methane
https://www.carbonbrief.org/qa-why-methane-levels-are-rising-with-no-hint-of-a-decline/
https://www.carbonbrief.org/qa-why-methane-levels-are-rising-with-no-hint-of-a-decline/
https://tos.org/oceanography/article/is-the-atlantic-overturning-circulation-approaching-a-tipping-point
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over the 20 years in which most of its global heating impact is originated, and is the 
timescale in which we need decisive action to avoid runaway global heating.      

82 Technically, this is described as the emission factor being based on a 100-year 
Global Warming Potential (GWP) called GWP100 rather than a 20-year GWP 
called GWP20. 

83 Recently Professor Robert Howarth of Cornell University who has advised the US 
Government and given evidence to the Senate Climate Change Task Force 
published a landmark paper59 in which he explains the issue with the different 
GWPs as in the footnote.  Note, also that Professor Howarth states that the use of 
US exported LNG always has a larger greenhouse gas footprint than coal.  
Professor Howarth also identifies in the footnote quote that methane has been 
responsible for around 2/5ths of the global heating temperature rise to date.

4.6 Where does the natural gas supply chain fit in the UK carbon budget regime

84 Natural gas may be sourced either from UK fields, or by pipeline from Norway, or 
as Liquified Natural Gas (LNG) shipped from far afield places such as Qatar or the 
US. But whatever private contracts the operators of new CCUS projects enter into, 
at a UK national level, all the extra demand will have to be satisfied by LNG 
imports. The fact that UK is already importing expensive LNG, the share of which is 
set to grow, provides evidence that cheaper pipeline gas output is already maxed 
out. 

85 The very high carbon footprint from natural gas supply occurs both within UK 
territories as covered under UK carbon budgets (under the Climate Change Act 
2008) and ex-territorially when the gas comes from other countries.  

86 With LNG, the ex-territorial LNG supply chain emissions then form part of UK 
consumption emissions and ex-territorial greenhouse gas emission inventories: for 
example, GHGs international shipping inventories and for other countries.  The UK-
territorial emission for natural gas supply fall under the Fuel Supply sector in the 
carbon budgets under the Climate Change 2008.

87 I have expressed severe concern above that UK policy making has predominantly 
been concerned only those emissions which come under the UK territorially based 
Climate Change Act 2008.  And as confirmed above, a recent FoI (see Appendix F) 
shows that calculations for the CCC Sixth Carbon budget report were made in line 
with “territorial emissions accounting”.  In other words, the UK has developed its 

59 “The greenhouse gas footprint of liquefied natural gas (LNG) exported from the United States”, Energy Science & Engineering, 
October 2024, https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934  : 

“While the 100-year time frame of GWP100 is widely used in lifecycle assessments and greenhouse gas inventories, it understates the 
extent of global warming that is caused by methane, particularly on the time frame of the next several decades. The use of GWP100 
dates to the Kyoto Protocol in the 1990s, and was an arbitrary choice made at a time when few were paying much attention to the role 
of methane as an agent of global warming. As the Intergovernmental Panel on Climate Change stated in their AR5 synthesis report, 
“there is no scientific argument for selecting 100 years compared with other choices” (IPCC 2013). The latest IPCC AR6 synthesis 
reports that methane has contributed 0.5o C of the total global warming to date since the late 1800s, compared to 0.75o C for carbon 
dioxide (IPCC 2021). The rate of global warming over the next few decades is critical, with the rate of warming important in the context 
of potential tipping points in the climate system (Ritchie et al. 2023). Reducing methane emissions rapidly is increasingly viewed as 
critical to reaching climate targets (Collins et al. 2018; Nzotungicimpaye et al. 2023). In this context, many researchers call for using the 
20-year time frame of GWP20 instead of or in addition to GWP100 (Ocko et al. 2017; Fesenfeld et al. 2018; Pavlenko et al. 2020; 
Balcombe et al. 2021, 2022). GWP20 is the preferred approach in my analysis presented in this paper, as was the case for our earlier 
lifecycle assessment of blue hydrogen (Howarth & Jacobson 2021). Using GWP20, LNG always has a larger greenhouse gas footprint 
than coal.”

https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934
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own climate policy incorporating CCUS without concern for the impact from the 
natural gas demand on international climate impacts.

88 I now develop illustrative calculations to demonstrate these climate impact issues 
for developing gas-CCS in the UK. 

89 GHG reporting for blue hydrogen production also shares the same issues of 
overstated carbon capture rates, CO2 venting, underestimate emissions factors for 
upstream emissions and not being consistent with up-to-date modelling of methane 
impacts.  Leakage of hydrogen, itself a powerful indirect GHG, is also an issue for 
blue hydrogen.  However, detailed calculations for blue hydrogen are not covered 
in detail in this submission60.  

60 Essentially due to lack of time
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5 CLIMATE IMPACTS OF CCS ENABLED GAS FIRED ELECTRICITY 
GENERATION (GAS-CCS)

5.1 Background and policymaking history

90 Gas-CCS has been proposed as a technology to provide dispatchable electricity 
when weather conditions reduce the generation capacity of renewable energy.  
Despite gas-CCS and blue hydrogen not being low carbon for reasons given 
above, they are often grouped as new dispatchable ‘low carbon’ technologies. It is 
extremely concerning that building new infrastructure now, and into the 2030s and 
2040s, would see gas-CCS persist as part of the energy mix until 2060 and 
beyond. 

91 Whilst before 2030, gas-CCS is proposed for the start-up projects for two of the 
clusters: Net Zero Teesside in Track-1 and Acorn in Track-2, policy documents 
show projections for gas-CCS capacities to 2030 and beyond to 2050.

  
92 In Powering Up Britain Technical Annex (PUBTA) which is a technical paper 

published alongside the 2023 Carbon Budget Delivery Plan (CBDP), DESNZ 
foresee capacities of gas-CCS growing from 3GW in 2030, to 9GW in 2035 and to 
18GW in 205061.   Whilst intended for dispatchable electricity generation, and not 
baseload, these capacities would provide a full generation capacity of 26.2 TWh 
(2030), 78.8 TWh (2035) and 157.6 TWh (2050).  

93 The Climate Change Committee (CCC) 6th Carbon Budget report (CCC-6CB) plans 
for 30Twh gas-CCS generation in 203562.  CCC-6CB is not clear on its advice for 
gas-CCS in 2030, but its ‘Balanced Pathway’ provides for 46TWh of dispatchable 
energy which includes hydrogen alongside gas-CCS.  See more details in 
Appendix A.  

94 Against this, recent advice from the National Energy System Operator’s (NESO) to 
Government on how to achieve clean power by 2030 (NESO report “Clean Power 
2030”) identifies two primary clean power pathways63. One pathway successfully 
builds 50 GW of offshore wind by 2030, but with  no new dispatchable power from 
hydrogen or gas with CCS (called “Further Flex and Renewables”).  The other 
pathway delivers 43 GW offshore wind and new dispatchable plants, totalling 2.7 
GW (called “New Dispatch”).  

95 This is very significant as it shows that NESO’s modelling shows that it is 
possible to reach 2030 without any CCS.  Whilst, NESO considers some new 
dispatchable power is needed after 2030 (and I do not agree64), it suggests 
that implementation of gas-CCS and blue hydrogen is not actually needed 
before 2030, contrary to the much earlier projections of the CCC in the 6th 
carbon budget report (2020) and DESNZ in the CBDP (2023).  Even in their 
“New Dispatch” scenario, NESO only model 11.24TWh of new dispatch in 
203065, much lower than the CCC projection of 46TWh. 

61 Powering Up Britain Technical Annex (PUBTA), 30 March 2023, page 24, Table 2
62 CCC-6CB-report, page 135
63 NESO report, page 8

64 For the reasons given in the wider submission that gas-CCS will continue to generate very high emissions which are not consistent 
with the UK climate targets and international obligations.  
65 NESO Clean Power 2030 Data Workbook (which accompanies NESO report), https://www.neso.energy/document/346781/download,  

https://www.neso.energy/document/346781/download
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96 Although I may not agree with their conclusions or pathways, in my view, the NESO 
report and the previous annual “Future Energy Scenario” reports by NESO’s 
predecessor are excellently presented and researched.  I say this because I now 
raise two issues with the NESO report: I raise these as constructive criticism which 
should be noted now as they relate to further discussion later in this document. 

97 I also suggest to the Public Accounts Committee that it would be helpful to 
call NESO to give evidence on some of the wider issues discussed here.  

5.2 Issues with the NESO report

98 [First issue].  NESO show that in their “New Dispatch” scenario that gas-CCS will 
operate at 31% of annual operating hours in 203066.  This is inconsistent with how 
the promoters of the Net Zero Teesside gas-CCS plant understand it would 
operate.  They say in their planning application67 that they anticipate, that on 
commissioning, the plant “will operate in baseload mode with continuous operation 
with carbon capture for several years”.  This is because “continuous and stable 
CO2 production and export is preferable during this period to minimise changes to 
injection rates to the offshore underground storage reservoir”.  

In fact, NZT never show, for planning purposes, the plant operating at less than 
58% of annual operating hours during its entire 25-year lifetime68. And to enable 
stable CO2 injection, the plant is expected to run at 8,424 hours (96% of annual 
operating hours) with no start-up or shut-downs for the first four years, which 
includes 2030, the NESO model year.   

There are three implications of this:

 Theoretical policy projections by the CCC and others do not appear to have 
taken into account this physical real-world requirement for stability in injecting 
CO2 into offshore underground storage reservoirs.  This suggests that gas-CCS 
cannot be used in dispatchable mode for several years after the implementation 
of new underground storage reservoirs linked to it as the ‘start-up’ emitter.  This 
makes for a large difference in the operation of the plants between policy theory 
and practice, and has large impacts on the greenhouse gas calculations and 
climate impacts as discussed below.  Essentially, with the Track-1 and Track-2 
gas-CCS plants, the operators consider that they need to run the plants at 
much greater generation output, and therefore climate impact, than the 
policymakers have considered for 2030. 

 The operators of gas-CCS appear to have different projections of operational 
hours from policymakers for later years too (ie: 58% or more for NZT) which 

Tab CP.06
66 NESO report, page 79
67 Net Zero Teesside, Planning Application, “Chapter 4: The Proposed Development (ES Volume I - Document Ref. 6.2).]”, section 4.4.4 
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000896-
NZT%20DCO%206.2.4%20ES%20Vol%20I%20Chapter%204%20Proposed%20Development.pdf 
68 Net Zero Teesside, Planning Application, ES Volume I Chapter 21 Climate Change, Table 20-10, 
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000905-
NZT%20DCO%206.2.21%20ES%20Vol%20I%20Chapter%2021%20Climate%20Change.pdf – the minimum annual operating hours 
are shown as 5,112 hours (58% of 8760 hours in a year) with 80 Start-up/Shut-downs

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000896-NZT%20DCO%206.2.4%20ES%20Vol%20I%20Chapter%204%20Proposed%20Development.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000896-NZT%20DCO%206.2.4%20ES%20Vol%20I%20Chapter%204%20Proposed%20Development.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000905-NZT%20DCO%206.2.21%20ES%20Vol%20I%20Chapter%2021%20Climate%20Change.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000905-NZT%20DCO%206.2.21%20ES%20Vol%20I%20Chapter%2021%20Climate%20Change.pdf
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might lead to a more systemic issue of the plants operating at greater climate 
impact than considered by the policymakers.   

 Therefore, NESO’s model (with gas-CCS operating at no more than 31% of 
annual operating hours in 2030) underestimates the amount of gas-CCS in the 
system at 2030 which has knock-on impacts to their carbon calculations, and 
narratives on protection from gas volatility69, and wider economic modelling on 
their pathways. 

99 [Second issue].  “Annex 4: Costs and benefit analysis” of the NESO report 
attributes 5.4 MtCO2e at Figure 270 from unabated gas and residual emissions from 
CCS in its “New Dispatch” pathway.   Examination of the data71 under Figure 372 
shows that this is made up of 5.25MtCO2e from unabated gas and 0.072MtCO2e 
from residual emissions from CCS (both gas-CSS and blue hydrogen, with the split 
between the two not being made clear by NESO).  With the NESO “New Dispatch” 
model showing 11.24TWh of “low carbon dispatchable power” in 203073 (as above), 
this “New Dispatch” power is then purported to be running at a carbon intensity of 
6.44 gCO2/KWh.  

This carbon intensity is extremely low and quite clearly wrong.  Even without 
considering upstream supply chain emissions and downstream CO2 venting 
emissions, the NZT proposers first calculated a carbon intensity of 41.2 gCO2/KWh 
at 90% carbon capture in their planning Environmental Statement. The NZT 
proposer then, following submissions from CEPP, corrected this to include upstream 
and downstream emissions.  Whilst this final environmental statement made the 
correction to include upstream emissions at all, it based its calculations on the 
DESNZ emission factor which underestimate the impacts (as described above).  
Even at this level of underestimation, this second calculation, made by NZT, 
corresponded to a carbon intensity of 141.6 gCO2/KWh for the operational 
emissions of the NZT plant74.   

CEPP provides an illustrative calculation in Appendix B that shows gas-CCS 
operating at a carbon intensity of 488.66 gCO2/KWh when calculated with realistic 
modelling of upstream emissions and conservative operating assumptions (fully 
described in Appendix B). 

100 This means that NESO have severely underestimated the emissions in the 
“New Dispatch” scenario.  In terms of meeting carbon budgets and path to Net 
Zero, this actually means that when corrected, there is a stronger case for the 
UK to evolve its energy system along a path like NESO’s “Further Flex and 
Renewables” which does not implement gas-CCS, nor blue hydrogen, both 
up to 2030 and beyond 2030.

69 NESO report, page 79
70 NESO report, “Annex 4, Costs and benefit analysis”, Page 15,  https://www.neso.energy/document/346806/download
71 NESO Clean Power 2030 Data Workbook, Tab CP.24
72 NESO, Annex 4, Page 16
73 NESO Clean Power 2030 Data Workbook, Tab CP.06
74 This was after a detailed exchange of letters and submissions between CEPP and the NZT promoter, which included a severe double 
counting error of over 50 million tonnes of CO2 by the promoter, and leading to the Secretary of State agreeing with CEPP in the final 
decision letter, see paragraph 4.48, SoS Decision Letter, 16th February 2024, https://infrastructure.planninginspectorate.gov.uk/wp-
content/ipc/uploads/projects/EN010103/EN010103-002914-Decision%20Letter_Net%20Zero%20Teesside%20Project.pdf  

https://www.neso.energy/document/346806/download
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002914-Decision%20Letter_Net%20Zero%20Teesside%20Project.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002914-Decision%20Letter_Net%20Zero%20Teesside%20Project.pdf
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101 In terms of the CCUS programme, the much greater emissions with gas-
CCS and blue hydrogen than NESO calculate means that using these technologies 
on future energy scenarios must be urgently reviewed.  Including CCUS 
technologies in the energy system severely risks delivery of climate targets (and in 
the case of 2030, the fifth carbon budget and international NDC obligation), and is a 
very significant value for money risk with proceeding with the CCUS programme, in 
its current form designed around cluster with gas-CCS and blue hydrogen as start-
up projects. 

5.3 Climate impacts of gas-CCS under the CCUS programme

102 Appendix B provides an illustrative calculation of the carbon intensities of the 
different emissions fractions for a gas-CCS plant (modelled on the Track-1 Net Zero 
Teesside project).  Here I provide a summary.

103 Whilst this data is illustrative, I have laid out all my assumptions and 
consider them to be reasonable, and also conservative.  For example, I have 
modelled upstream emissions from LNG at a moderate level, should the CCUS 
programme create demand that is predominantly met from most emission intense 
UK exports, then y calculations are an underestimate of the impacts.  

104 This is the final data table generated in Appendix B, and presents the 
emissions as emissions intensities per 1 TWh of energy produced by a gas-CCS 
plant. The TOTAL figure of 0.483 MtCO2e/TWh means that 0.482 MtCO2e is 
generated of each TWh across UK and international territories.   This also equates 
to a carbon intensity of 483gCO2/KWh expressed in the more usual units for 
carbon intensities. 

Power sector Fuel Supply sector International TOTAL CO2 Captured CO2 Stored
Emissions  MtCO2e/TWh 0.107 0.038 0.338 0.483 0.330 0.305

Figure 5: Emissions generated per TWh of gas-CCS  

105 CEPP’s calculations also show how the emissions and spread over two 
carbon budget sectors under the Climate Change Act 2008, and those emissions 
which are ex-UK and would be accounted for under international shipping and 
source country emission inventories.   I have also calculated the amount of CO2 
that would be stored after CO2 venting. 

106 There are a number of points to note. 

107 These figures show the additional emissions which are generated for each 
TWh of electricity which is generated by the CCUS programme as opposed to 
generation by energy storage, flexible grid and renewable technology.  They 
illustrate the opportunity cost for emissions reductions lost when CCUS is favoured 
over rapidly emerging (with rapidly reducing costs too) alternatives to CCUS.

108 In the context of the NESO report and modelling pathways to Clean Energy 
in 2030, the above figures show the additional emissions generated from each TWh 
of gas-CCS which is deployed (in the NESO “New Dispatch” pathway) instead of 
renewables in the NESO “Further Flex and Renewables” pathway ie an additional 
0.48 MtCO2e is generated per TWh.  
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109 The impact to the UK emissions accounting under the Climate Change Act is 
0.145MtCO2e (0.107+0.038).  However, the additional UK consumption emissions 
are over twice that at  0.338MtCO2e being generated on international inventories.  

110 This illustrates an important point when considering carbon budget focussed 
policy decision making on the CCUS programme – when upstream emissions are 
properly accounted the far greater impact is to ex-UK inventories. UK policy making 
has been largely focussed around carbon budgets.  The FoI attached at Appendix 
F shows that, for example the CCC policy development, this is a blind spot in 
policy making that must now be corrected.  The PAC committee should note 
that  UK consumption emissions from the CCUS programme are not fully assessed, 
and this error then infects policymaking decisions including value for money 
considerations.    

111 A further interesting fact from these figures is that 0.305MtCO2e are 
calculated as being stored for this 1 TWh of gas-CCS electricity.  This is smaller 
than the emissions which are generated in international inventories.  This means 
that each TWh of demand for gas-CCS electricity under the CCUS programme 
creates more climate pollution in outside the UK, than the UK would collect to 
store under the North Sea.   DESNZ and CCC must now fully account for this 
impact of UK consumption emissions generation by the CCUS programme on 
international efforts to tackle climate change.

5.4 UK Carbon Budgets and international impacts

112 The table below shows the impacts on the carbon budget sectoral residual 
emissions of gas-CCS being used in some scenarios for 2030 and 2035.  These 
are:

(a) First, the 11.24TWh of ‘low carbon’ dispatchable power (if it were all 
implemented as gas-CCS) in NESO 2030 “New Dispatch” pathway.  This is a 
straight displacement of renewable energy if this pathway were to be pursued 
rather than NESO’s “Further Flex and Renewables” pathway.  The climate cost 
of this scenario (the total of the three columns for 5CB Power, 5CB Fuel Supply 
and international) is 5.43MtCO2e to the Power and Fuel Supply sectors (to store 
3.42MtCO2e) per year.  

Note that in this case, and each case, that the cost of the scenario is greater 
than the carbon stored.  Whilst third party emitter project may later make 
additional savings, the front-loading effect of the cluster model in this scenario 
means that the cost of gas-CCS has a negative impact on the fifth carbon 
budget before other emitters may come on line.  The Power sector has 
13MtCO2e of residual emissions allocated by policy in the Carbon Budget 
Delivery Plan for 2030 and 9.3% of it would be used for this NESO pathway. 

(b) Second, NESO’s 2.7 GW of ‘low carbon’ dispatchable power (if it were all 
implemented as gas-CCS) under the 2030 “New Dispatch pathway is modelled 
at 96% annual operation hours which the NZT promoters have said that say that 
it will have to operate at to provide a continuous and stable CO2 production and 
export at the storage site.  The climate cost of this pathway is 11.00 MtCO2e to 
the Power and Fuel Supply sectors (to store 6.93MtCO2e) per year.  
The Power sector has 13MtCO2e of residual emissions allocated by policy in the 
Carbon Budget Delivery Plan for 2030 and 18.83% of it would be used for this 
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NESO pathway at this real-world modelling of how NZT consider gas-CCS 
would operate for the first four years.

5CB 
Power

5CB 
Fuel 

Supply
Intl CO2 

stored
6CB 

Power
6CB 
Fuel 

Supply
Intl CO2 

stored
Sectoral residual emissions 

ANNUAL MtCO2e 13 14 14 8 10 10

11.24TWh NESO 2030                        
1.21 

                     
0.42 

                            
3.80 

                                    
3.42 

11.24TWh NESO 2030 9.3% 3.0% 27.2%

22.74TWh** NESO
NZT 2030                        

2.44 
                     

0.86 
                            

7.70 
                                    

6.93 

22.74TWh** NESO
NZT 2030 18.8% 6.1% 55.0%

30TWh CCC 2035                       
3.22 

                     
1.13 

                    
10.15 

                     
9.14 

30TWh CCC 2035 40.3% 11.3% 101.5%

** 2.7GW NESO at 96% operation

Figure 6: Emissions generated for gas-CCS in UK and international carbon accounts 

(c) Third, CCC’s 30TWh of gas-CCS Generation under its CCC 6th Carbon budget 
report “Balanced Pathway”.  The climate cost of this pathway is 14.50 MtCO2e 
to the Power and Fuel Supply sectors (to store 9.14MtCO2e) per year.  

The Power sector has 8MtCO2e of residual emissions allocated by policy in the 
Carbon Budget Delivery Plan for 2035 and 40.3% of it would be used for this 
CCC pathway.

It should also be noted that whilst 11.3% of the UK Fuel Supply residual 
emissions are used by this pathway, the impact on ex-UK emissions is much 
greater with emissions equivalent to over 100% of the UK Fuel Supply  
allocation being emitted as UK consumption emissions (accounted on 
international inventories).   

The emissions added to UK consumption emissions (10.15 MtCO2e) is greater 
than the carbon stored (9.14 MtCO2e). 
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6 RECOMMENDATIONS

113 Make a strong recommendation that no CCUS project should receive 
Government funding, nor a Final Investment Decision (FID), until:

(a) A full scientific review of the CCUS programme has been made as 
requested recently by scientists twice (see Appendices D and E);

(b) Each project is reviewed that it makes an overall reduction of 
greenhouse gas emissions under Principle H the Energy and 
Environment principles of the Subsidy Control Act75;

(c) On (a) and (b) above, fully consideration of the effects of the project on 
both UK territorial GHG emissions under the Climate Change Act 
carbon budgets, and ex-territorial GHG emissions in international 
shipping and other country GHG inventories should be considered.

114 Make a strong recommendation to the Climate Change Committee that its 
upcoming Seventh Carbon Budget report must fully consider the upstream 
emissions in its consideration of the CCUS programme.  The full impact to UK 
consumption emissions from the CCUS programme on international climate action 
must be fully accounted for in its advice to Government.  Further it should review 
the proposed cluster model and its front loading of very high emissions, for 
alignment with the 5th carbon budget in the period 2028-2032 and with meeting the 
UK 2030 NDC.  CCC should also give advice on how some industrial 
decarbonisation might be achieved without start-up projects involving gas-CCS or 
blue hydrogen (ie outside of the cluster model architecture). 

115 Require that DESNZ undertake a review of the potential to remove CCS 
(either as gas-CCS or blue hydrogen) from its energy policy.  This should look at 
first how much of UK energy needs can be provided by deployment of energy 
storage, solar and wind technology with a full scientific analysis of UK weather 
patterns, and second what the relative value for money and investment costs are 
for delivering UK climate targets and budgets via alternatives to the CCUS 
programme.  A genuine evidence-based response, based on latest science of non-
CCS pathways (ie 100% renewable energy pathways), is needed to the question “if 
the UK can get to 2030 with CCS (as per NESO report), then can it get to 2035 and 
2040 also without CCS?” 

  
116 Request NESO to give evidence to the committee, particularly on the details 

of its recent “Clean Power 2030” report as they relate to its two pathways to 2030 
and the CCUS programme, and its consideration of CCUS for after 2030.  NESO 
should be asked for its view of the two issues I have raised (ie the non real-world 
modelling of ‘New Despatch’ energy and the absurdly low emission intensity for 
‘New Dispatch” in its recent report), and how these effect its advice on its pathways 
to 2030. 

Dr Andrew Boswell, 
Climate Emergency Policy and Planning, November 28th, 2024 

75 https://www.legislation.gov.uk/ukpga/2022/23/schedule/2

https://www.legislation.gov.uk/ukpga/2022/23/schedule/2
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Appendix A: Sources for Capacity and Generation of gas-CCS: 2030, 2035, 2050

2030 
gas-CCS 
Capacity 
(GW)

2030 
DLCG 
Generation
(TWh) 

2030 gas-
CCS 
Generation 
(TWh)

2030 
Total 
Demand 
(TWh)

2035 
gas-CCS 
Capacity 
(GW)

2035 
DLCG 
Generation 
(TWh)

2035 gas-
CCS 
Generation 
(TWh)

2035 
Total 
Demand 
(TWh)

2050 
gas-CCS 
Capacity 
(GW)

2050 
DLCG 
Generation 
(TWh)

2050 gas-
CCS 
Generation 
(TWh)

2050 
Total 
Load 
(TWh)

CCC 6th Carbon budget report 
(Balanced Pathway) 36076 46077 61078

CCC 6th Carbon budget report 
(Balanced Pathway) 4679 ?? 6580 3081 7082

CCC 6th Carbon budget report 
(Lowest of all Pathways) 4283 6384

CCC 6th Carbon budget report 
(Highest of all Pathways) 6585 10086

CCC 6th Carbon budget report 
(Max)/year for Balanced Pathway 7987 / 2045

NESO Clean Power 2030 report 
(New Dispatch pathway) 11.2488

CBDP/PUBTA 2023 389 9 18
NIC (2020) 1890 2391

DLCG = Dispatchable ‘Low Carbon’ Generation

76 Climate Change Committee, The Sixth Carbon budget (“CCC-6CB-report”), 2020, page 134 
77 CCC-6CB-report, page 134
78 CCC-6CB-report, page 134
79 CCC-6CB-report, page 138, Figure 3.4.c (and by reference to CCC supplied spreadsheet)
80 CCC-6CB-report, page 141, Figure 3.4.e (and by reference to CCC supplied spreadsheet)
81 CCC-6CB-report, page 135
82 CCC-6CB-report, page 141, Figure 3.4.e (and by reference to CCC supplied spreadsheet)
83 CCC-6CB-report, page 141, Figure 3.4.e (and by reference to CCC supplied spreadsheet)
84 CCC-6CB-report, page 141, Figure 3.4.e (and by reference to CCC supplied spreadsheet)
85 CCC-6CB-report, page 141, Figure 3.4.e (and by reference to CCC supplied spreadsheet)
86 CCC-6CB-report, page 141, Figure 3.4.e (and by reference to CCC supplied spreadsheet)
87 CCC-6CB-report, page 138, Figure 3.4.c (and by reference to CCC supplied spreadsheet)
88 NESO report, page 24, Figure 6 (and Tab CP.06 of NESO supplied spreadsheet)
89 Powering Up Britain Technical Annex (PUBTA), 30 March 2023, page 24, Table 2
90 National Infrastructure Commission, 2020, “Net Zero Opportunities for the Power Sector”, page 18
91 National Infrastructure Commission, 2020, “Net Zero Opportunities for the Power Sector”, page 18



Appendix B: Calculations of emissions from gas-CCS plants

117 I base these calculations on the Track-1 Net Zero Teesside gas-CCS plant.  
This is because the overall background starting place for calculations are available 
from the planning examination, subsequent documents and the planning Decision 
Letter in which the DESNZ SoS has already agreed with CEPP’s starting 
calculations92.  

118 tCO2e is tonnes of Carbon Dioxide equivalents.

119 CEPP use the following starting numbers and assumptions:

(a) Annual Operating Hours at baseload: 8,424 (96% of possible total 8,760)

(b) Plant will operate at 8,434 hours/yrs for years 1-4 including 2030 (for stability 
injection of CO2 storage93, as already described)  

(c) At 90% capture rate and baseload at 96%, 25-year full lifecycle emissions are:

(i) 5,929,380 tCO2e – 10% uncaptured CO294

(ii) 53,364,420 tCO2e – 90% captured CO295

(iii) 3,592,523 tCO2e – CO2 venting96

(iv) 10,101,668 tCO2e – upstream emissions97 

(v) 751,136 tCO2e of miscellaneous operation emissions (Electricity 
usage, Waste disposal, Workers commuting, Materials and 
Materials transport)98

120 CEPP takes all these figures forward except the 90% capture rate.  The risk 
that these projects are unable to deliver on claimed capture rates must be 
considered high, and greenhouse gas assessment should be made of more 
precautionary capture rates in line with performance of existing commercial sites. 
Therefore, CEPP uses an 80% capture rate below (which is still at the maximum 
capture rate achieved globally) ie:

(i) 11,858,760 tCO2e – 20% uncaptured CO2
(ii) 47,435,040 tCO2e – 80% captured CO2

92 See paragraph 4.48, SoS Decision Letter, 16th February 2024, https://infrastructure.planninginspectorate.gov.uk/wp-
content/ipc/uploads/projects/EN010103/EN010103-002914-Decision%20Letter_Net%20Zero%20Teesside%20Project.pdf  
93 Net Zero Teesside, Planning Application, “Chapter 4: The Proposed Development (ES Volume I - Document Ref. 6.2).]”, section 4.4.4 
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000896-
NZT%20DCO%206.2.4%20ES%20Vol%20I%20Chapter%204%20Proposed%20Development.pdf 
94 Net Zero Teesside Planning Examination, Document 9.29, Table 3-1
95 Net Zero Teesside Planning Examination, Document 9.29, Table 3-3.   
96 Net Zero Teesside Planning Examination, Document 9.29, Table 3-3.   
97 Net Zero Teesside Planning Examination, Document 9.29, Table 3-1
98 Net Zero Teesside Planning Examination, Document 9.29, Table 3-1

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002914-Decision%20Letter_Net%20Zero%20Teesside%20Project.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002914-Decision%20Letter_Net%20Zero%20Teesside%20Project.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000896-NZT%20DCO%206.2.4%20ES%20Vol%20I%20Chapter%204%20Proposed%20Development.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-000896-NZT%20DCO%206.2.4%20ES%20Vol%20I%20Chapter%204%20Proposed%20Development.pdf


121 Following these assumptions, the first step is to transform these emissions 
to carbon emissions intensities for each produced (per KWh):

Combustion Misc CO2 venting Upstream TOTAL CO2 Captured CO2 Stored
Emissions tCO2 11,858,760 751,136 3,592,523 10,101,668 26,304,087 47,435,040 43,842,517

Emission intensity  
gCO2/KWh 82.40 5.22 24.96 70.19 182.77 329.60 304.64

I have also included emissions intensities for “CO2 captured”, and the “CO2 stored” 
(which is “CO2 captured” minus “CO2 venting”) which provides a convenient way to 
calculate CO2 Stored per TWh later.

122 However, the above is based on the DESNZ emission factor which I have 
explained is a severe underestimate for the upstream emissions.  Therefore, I now 
do “real world” adjustment to the emission intensity for the upstream emission 
based on these assumptions:

(a) CEPP has already made the point that all the extra demand for new 
gas-CCS projects will have to be satisfied by LNG imports.  Therefore, 
CEPP applies an uplift for 100% LNG99.

(b) The UK can be expected to import this LNG from a variety of source 
countries with different standards, and standards within the country.  
The Carbon Tracker report reaches these three scenarios based on 
considerable research into the upstream emissions of natural gas100, 
based on recent data and scientific research shown below:

 

(a) I use the Carbon Tracker “USA LNG Mid” as the UK will import from 
countries such as Qatar as well USA LNG High location such as the 
US Permian Basin.  I consider this to be a conservative assumption – 

99 The evidence is that imported LNG will play a significant role in meeting UK natural gas demand. Since cheaper pipeline gas will 
always be utilised first before turning to expensive LNG, any extra demand created by investing in new gas power stations or blue 
hydrogen production will, at a national level, be met entirely by imported LNG. Life cycle assessments for new CCS-enabled plants, 
such as the Track-1 and Track-2 start-up projects should therefore treat the methane gas input as 100% provided by LNG 
imports.  This also applies for understanding the impact of the CCUS programme on carbon budgets as explored later in this 
document.
100 See Section 2 of the Carbon Tracker “Kind of Blue” report in Appendix B, “Upstream Emissions of Natural Gas”. 2 pages (Pages 13-
14, PDF Pages 16-17).  This section provides vital information on the underestimation of emission factors for upstream emissions by UK 
bodies such as North Sea Transition Authority (NTSA) and provides references (footnotes 21-26) which formed the basis of a review of 
emissions factors by Carbon Tracker.



should the UK import proportionately more LNG from the high emitting 
LNG extraction fields such as the Permian Basin, then the climate 
impacts will be higher.  I consider this to be a fair assumption for this 
illustrative modelling.

(b) Carbon Tracker highlight that, in addition to upstream supply 
emissions, there are 1.5 gCO2/MJ of upstream emissions for UK 
transmission losses and venting101.   These emissions are included in 
the DESNZ emission factor of 8.4 gCO2/MJ (ie 0.423 kgCO2e/kg) as 
used by the applicant102.

(c) This means that the data may be scaled to the “US LNG Mid” scenario, 
as follows:

Emission Factor   

 gCO2/MJ
  + 1.5 gCO2/MJ for
UK Transmission/Venting Relative to application FACTOR

Application 8.40 8.40 (included) 1.00
USA LNG Mid 22.40 23.90 2.85

(d) At 100% “US LNG Mid”, the emission intensity of the Upstream 
emissions is then  70.19 * 2.85 =  200.04.  However, this is based on 
the atmospheric impacts of methane being modelled over 100 years, 
not the 20 years in which they actually have a radiative forcing effect.

Combustion Misc CO2 venting Upstream TOTAL CO2 Captured CO2 Stored
Emissions tCO2 11,858,760 751,136 3,592,523 28,741,651 44,944,070 47,435,040 43,842,517

Emission intensity  
gCO2/KWh 82.40 5.22 24.96 200.04 312.63 329.60 304.64

(e) The next step is to adjust for methane being correctly modelled for its 
concentrated radiative forcing effect over 20 years.  The upstream 
emissions contain emissions from both CO2 and CH4, and the uplift for 
the CH4 emissions must only be applied to the CH4 fraction.  So I also 
make an adjustment which takes into account CO2 in the upstream 
emissions (which is not subject to the GWP100 / GWP20 issue which 
pertains here to methane) – the method for this is described in a 
separate Appendix (Appendix C ‘Calculation of the “uplift factor” for the 
sensitivity tests on GWP20 instead of GWP100’) and is based upon the 
data in the recent paper by Professor Howarth.  The uplift factor used 
here for these illustrative calculations is 1.86 and generates this result. 

Combustion Misc CO2 venting Upstream TOTAL CO2 Captured CO2 Stored
Emissions tCO2 11,858,760 751,136 3,592,523 53,459,470 69,661,889 47,435,040 43,842,517

Emission intensity  
gCO2/KWh 82.40 5.22 24.96 376.08 488.66 329.60 304.64

101 See Carbon Tracker “Kind of Blue” (Appendix B), Table 7, Page 29 (PDF Page 32)
102 See DESNZ, “2023 Government Greenhouse Gas Conversion Factors for Company Reporting, Methodology Paper for Conversion 
Factors Final Report”, 2.17 d) “For parts of the natural gas supply chain which occur in the UK (transmission and distribution and 
dispensing of CNG), data from DUKES (BEIS, 2022) is used to update the emissions for these activities estimated in Exergia.”  
https://assets.publishing.service.gov.uk/media/647f50dd103ca60013039a8a/2023-ghg-cf-methodology-paper.pdf 

https://assets.publishing.service.gov.uk/media/647f50dd103ca60013039a8a/2023-ghg-cf-methodology-paper.pdf


123 Now the emissions associated with each 1TWh of gas-CCS operation may 
be apportioned each carbon budget sector.

(a) Miscellaneous emissions go into several sectors103, but are small 
enough that I do not calculate them further at this stage.

(b) “Combustion” and “CO2 venting” are accounted for under the Power 
sector at this intensity (82.40 + 24.96)/1000 =  0.107 MtCO2e/TWh 

(c) I have already described how the very high carbon footprint from 
natural gas supply occurs both within UK territories as covered under 
UK carbon budgets (under the Climate Change Act 2008) and ex-
territorially when the gas comes from other countries.  

With LNG, the ex-territorial LNG supply chain emissions then form part 
of UK consumption emissions and ex-territorial greenhouse gas 
emission inventories: for example, GHGs international shipping 
inventories and for other countries.  The UK-territorial emissions for 
natural gas supply fall under the Fuel Supply sector in the carbon 
budgets under the Climate Change 2008.  

I now introduce another assumption for this illustrative calculation 
which is that 90% of natural gas supply emissions in my example of the 
“US LNG Mid” scenario are ex-UK territorial, and 10% are within the 
UK.

This then gives 0.038 MtCO2e/TWh of the upstream emissions falling 
in the carbon budget Fuel Supply sector (10%) and 0.338 
MtCO2e/TWh of the upstream emissions falling into ex-UK 
international shipping and other country inventories.  

(d) The CO2 stored in this scenario is 0.305 MtCO2e/TWh

Power sector Fuel Supply sector International TOTAL CO2 Captured CO2 Stored
Emissions  MtCO2e/TWh 0.107 0.038 0.338 0.483 0.330 0.305

103 The NZT promoter places these emissions in the Industry, Domestic Transport and Waste and F-gases sectors, See Table 1 of 
“Response to the Secretary of States Request for further information dated 16 May 2023 - 6.6 - Appendix 6 Contexualisation against 
CBDP and Draft Revised NPS response”, https://infrastructure.planninginspectorate.gov.uk/wp-
content/ipc/uploads/projects/EN010103/EN010103-002814-NZT%20DCO%206.6%20-
%20Appendix%206%20Contexualisation%20against%20CBDP%20and%20Draft%20Revised%20NPS%20response.pdf 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002814-NZT%20DCO%206.6%20-%20Appendix%206%20Contexualisation%20against%20CBDP%20and%20Draft%20Revised%20NPS%20response.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002814-NZT%20DCO%206.6%20-%20Appendix%206%20Contexualisation%20against%20CBDP%20and%20Draft%20Revised%20NPS%20response.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010103/EN010103-002814-NZT%20DCO%206.6%20-%20Appendix%206%20Contexualisation%20against%20CBDP%20and%20Draft%20Revised%20NPS%20response.pdf


APPENDIX C: CALCULATION OF THE “UPLIFT FACTOR” FOR THE 
SENSITIVITY TESTS ON GWP20 INSTEAD OF GWP100

124 Table 3 of Professor Howarth’s recent paper104 gives a full lifecycle GHGs for LNG as “4 
different scenarios for shipping by tanker, using world-average voyage times (38 day round-
trip). Methane emissions are shown both as mass of methane and mass of CO2 equivalents 
based on GW[P]20. Values are per final mass of LNG consumed.”

125 In the table below, and as a starting place, I have extracted the top-level numbers for each 
LNG tanker scenario.

Howarth Table 3 GWP20 g CO2e/kg    

TOTAL 
CO2

Upstream 
CO2

CH4 
(GWP20
)

TOTAL 
(GWP20)

Upstream 
TOTAL 
(GWP20)

Steam-turbine tankers powered by 
LNG 4,202 1,452 3,566 7,768 5,018
4-stroke engine tankers powered by 
LNG 4,101 1,351 3,927 8,028 5,278
2-stroke engine tankers powered by 
LNG 4,046 1,296 3,661 7,707 4,957
Diesel-powered tankers 4,114 1,364 3,256 7,370 4,620

Table 1: Howarth paper: world average shipping times : GWP20 

126 I then apply a GWP20 -> GWP100 conversion ( = 0.36 = 29.8/82.5 ) to the methane 
emission column to generate the equivalent table as GWP100.

Howarth Table 3 GWP100 g CO2e/kg    

TOTAL CO2
Upstream 
CO2

CH4 
(GWP100)

TOTAL 
(GWP100)

Upstream 
TOTAL 
(GWP100)

GWP20/
GWP10
0

Steam-turbine tankers powered by 
LNG 4,202 1,452 1,288 5,490 2,740 1.83
4-stroke engine tankers powered by 
LNG 4,101 1,351 1,418 5,519 2,769 1.91
2-stroke engine tankers powered by 
LNG 4,046 1,296 1,322 5,368 2,618 1.89
Diesel-powered tankers 4,114 1,364 1,176 5,290 2,540 1.82

AVERAGE 1.86

Table 2: Howarth paper: world average shipping times : GWP100
(converted to GWP100 and extraction of uplift factor) 

127 The right-hand column above divides the GWP20 “Upstream TOTAL” data from the first 
table with the GWP100 “Upstream TOTAL” data from the second table.  The uplift factor 
(1.86) is then taken as the average of the values derived for the four shipping methods.

104 Howarth, “The greenhouse gas footprint of liquefied natural gas (LNG) exported from the United States”, Energy Science & 
Engineering, October 2024, https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934

https://scijournals.onlinelibrary.wiley.com/doi/10.1002/ese3.1934
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