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3rd March 2021
Global Infrastructure Investor Association
National Infrastructure Commission
Submission to Greenhouse Gas Removal Technologies Study
1. About GIIA
Global Infrastructure Investor Association (GIIA) is the membership body for the world’s
leading investors in infrastructure, and advisors to the sector, who collectively represent nearly
US$1 trillion of infrastructure assets under management across 55 countries. Our members
are investing today to provide the smart, sustainable and innovative infrastructure needed for
our communities and economies to thrive. The investor member base of GIIA is diverse and
ranges from fund managers, pension funds, insurers and sovereign wealth funds (a list of GIIA
members can be found at http://giia.net/membership). We are therefore well placed to provide
the committee with the views of the global infrastructure investor community. In the UK, GIIA
members are responsible for:
▪
▪
▪
▪
▪

Major investments in 17 of the UK’s 20 largest airports, accounting for 94.4% of total
passengers.
Supporting almost 120,000 jobs in the nation’s privately owned ports.
Supplying 2/3 of UK household’s water needs.
Connecting an additional 14 million households by 2025 with full fibre internet while
continuing to invest in 5G technology.
Producing 1/3 of the UK’s entire renewable energy capacity.

In addition to this significant source of foreign direct investment that boosts the UK economy,
our research shows that more than 8.5 million UK pension pots are invested in UK national
infrastructure, helping to deliver a stable return for UK citizens in their retirement. In transport,
renewables, digital and social infrastructure, GIIA members are investing across the country
to deliver the infrastructure needs of UK citizens, sustaining hundreds of thousands of jobs
and supporting the wider economy.
To illustrate this visually, GIIA has developed a video animation on UK pension infrastructure
investment, available here: https://vimeo.com/428270182/a3308b8060
1. Challenges for the development of Greenhouse Gas Removal technologies in the
UK
The first challenge facing the development of Greenhouse Gas Removal (GGRT) perceived
absence of a revenue model for this type of asset, as well as the significant level of upfront
development capital required, meaning private investors are reluctant to take on the levels of
risk associated with investing in this technology. Research produced by PwC in partnership
with GIIA highlights that investment in nascent net zero technologies is typically driven by
venture capital funds with a target internal rate of return (IRR) of 20%+, which leads to a high
cost of capital1. Funds capable of bringing low returns financing, such as pension funds and
other long-term institutional investors, are less able to commit to investing where there are
significant technology, business model or policy risks associated.
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GIIA and PwC, Unlocking Capital for Net Zero Infrastructure (2020): URL

The absence of a defined revenue model for private investors to generate returns for their
investment in GGRT also poses a significant challenge to scaling GGRT. Other technologies
such as Bioenergy with Carbon Capture and Storage (BECCS) used by electrical power
generation company Drax2, generate electricity as a by-product which then provides a revenue
stream once that electricity is fed to a grid network for use by consumers. The same can be
said for hydrogen production which can generate a revenue stream once hydrogen is
purchased for use in industrial processes or allocated to a hydrogen network. It is currently
unclear to private investors where the revenue stream would lie with GGRT, meaning
investment is unlikely to be forthcoming.
The second challenge facing the development of GGRT is the uncertainty regarding the UK’s
future net zero landscape. The recently published National Infrastructure Strategy clearly sets
out the government’s desire to refine the regulatory environment and acknowledges the
important role that the private sector can play, as well as signalling that there are many more
important future policy details to come. However, investors are still awaiting long-term policy
certainty and sufficient granularity in the pathway to net zero to ensure that technologies they
commit to investing in will continue to be supported by the government over the long-term.
GIIA strongly supports the NIC’s annual monitoring report 2021, particularly the section from
page 12 ‘key priorities for 2021’ which clearly set out the priorities that need to be addressed
over the next year to start turning the government’s ambitions for UK infrastructure into reality.
The third challenge relates to the development of the infrastructure required to transport, and
store captured carbon3. The costs of capturing carbon are already high, which makes the
prospect of investing in expensive transportation and storage infrastructure less attractive from
the investor perspective4. Again, the use of policy frameworks and supportive funding for the
associated infrastructure network will be vital to ensuring GGRT offer an investable proposition
not just for investors with a higher risk appetite, but also for lower cost, long term sources of
patient capital.
2. Policy mechanisms for initial deployment of GGRT
There are a variety of models that governments have used/are using in order to leverage
increased private sector investment in infrastructure and these models provide a basis for
understanding how government policy can help to enable private capital investment in
GGRT’s.
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•

The Regulatory Asset Base (RAB) model has been successful in delivery of UK
infrastructure projects. Key features such as efficiency drivers, pain/gain sharing and
innovation have been built into the model as it has evolved, which has helped ensure
a sensible balance of risk5.

•

The UK’s Thames Tideway Tunnel project is being delivered under a new hybridRAB model where investors are able to recover some costs prior to the facility being
operational6. Combined with the benefit of a government guarantee, the model has
enabled the project to gain an investment credit rating and, therefore, to draw finance
from pension funds and other long-term institutional investors7.

Drax, URL
Aviva Investors, carbon capture, solution or pipe dream? (2020): URL
4 McKinsey & Company, driving carbon emissions to zero and beyond, (2020): URL
5 OECD, ‘The regulatory asset based model’ (2015) URL
6 Pinsent Masons, ‘Financing model for Thames Tideway’ (2015) URL
7 Thames Tideway, ‘Board Leadership, Transparency and Governance’ URL
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•

Finally, the Contracts for Difference (CfD) model has successfully driven growth of
the offshore energy industry. CfD’s incentivise investment in renewable energy by
providing developers of projects with high upfront costs and long lifetimes with direct
protection from volatile wholesale prices8. The UK should seek to emulate a similar
relationship between government and industry as a means to developing GGRT at
scale.

GIIA also encourages the NIC to consider how the UK’s recently announced National
Infrastructure Bank could play a role as a cornerstone investor in GGRT. The role of this
institution should be to work with private investors to ‘crowd-in’ investment by de-risking
projects and providing early-stage growth capital required for GGRT to mature. The Bank
could also support the development of demonstration cases to increase investor confidence
by testing the operational and revenue models for GGRT.
3. International best practice
The UK should draw on international examples of best practice in this area. For example, the
Canadian government has developed a range of funding mechanisms which can be leveraged
for direct air capture projects. Examples of funding mechanisms include the Business
Development Bank of Canada’s Industrial, Clean and Energy (ICE) Technology Venture
Fund9, as well as the Pan-Canadian Framework on Clean Growth and Climate Change – Low
Carbon Economy Fund10. The ICE fund invests early-stage capital in the region of CAD$1m
to CAD$5m into scalable companies, from initial seed investments through to series A and
series B financing, and often does so as the first investment partner.
The EU Innovation Fund is also illustrative of how policy support can accelerate the
development of clean technologies11. By providing EUR10bn of support between 2020-2030,
the fund will enable risk to be shared between project promoters in order to demonstrate firstof-a-kind projects which may otherwise be too risky for investors. The EU Emissions Trading
System will provide revenue for the Innovation Fund by auctioning 450 million carbon
allowances in the world’s largest carbon pricing system over the course of the decade.
4. Summary
Investors are seeking a clear policy and regulatory framework from government to define the
investment proposition for GGRT. Currently, the level of development capital required to scale
GGRT is too high for long term investors looking to deploy low-cost capital and the absence
of a revenue model reduces the appetite for investment. GIIA therefore encourages the
government to work with the international investor community to identify appropriate funding
mechanisms, suitable policy and regulatory frameworks and a role for the National
Infrastructure Bank in order to crowd-in private capital.
5. Contact details
For more information about GIIA and the contents of this submission please contact
REDACTED the Head of Policy and Public Affairs:

UK Department for BEIS, ‘Contracts for Difference Policy Paper’ (2020) URL
Business Development Bank of Canada: URL
10 Government of Canada: URL
11 European Commission: URL
8
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SCCS evidence to BEIS on Greenhouse Gas
Removals
March 2021
Scottish Carbon Capture & Storage (SCCS) is a research partnership between the British
Geological Survey (BGS), Heriot-Watt University, the University of Aberdeen, the University of
Edinburgh, the University of Glasgow and the University of Strathclyde, with associate
member the University of St Andrews. SCCS researchers are engaged in innovative applied
research and joint projects with industry and government to support the development and
commercialisation of carbon capture and storage as a climate change mitigation technology.
SCCS is pleased to respond to this call for evidence on greenhouse gas removal (GGR)
technologies. Carbon capture and storage (CCS) has a crucial role to play in reaching netzero targets, both by preventing CO₂ reaching the atmosphere, and enabling greenhouse gas
removals by capturing CO₂ either from biogenic sources, or directly from the air.
Do you agree that some GGRs will be required to achieve the UK’s net zero target by
2050? What are your views on the suitability and mix of different technologies in
supporting the delivery of net zero?
Yes. Many studies have highlighted the critical role that permanent storage of CO 2 through
DACCS and BECCS will play. Most recently, the Climate Change Committee (CCC)’s Sixth
Carbon Budget Advice suggested that by 2050, the UK will require between 45 and 112Mt of
CO2 removal per year from engineered solutions (BECCS, DACCS and wood in
construction)1. Similarly, analysis from National Grid ESO in the 2020 Future of Energy
Scenarios predicts 52-64Mt of CO₂ removal per year in 2050 from BECCS alone 2.
The role of greenhouse gas removals should be to offset unavoidable greenhouse gas
emissions: this means that, where possible, emissions should be avoided and reduced
through measures such as reduced consumption and increased energy efficiency, with GGR
dealing with the remainder. GGR must be deployed as part of a hierarchy, and should not be
a substitute for greenhouse gas emissions reduction. The following diagram attempts to
describe this hierarchy with reference to the waste, energy and transport hierarchies and
other examples.

Climate Change Committee (2020) The Sixth Carbon Budget: The UK’s path to Net Zero. Available at:
https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf
2
National Grid ESO, 2020. Future Energy Scenarios 2020. Available at:
https://www.nationalgrideso.com/document/174541/download
1

Scottish Carbon Capture & Storage

www.sccs.org.uk

In a CO₂ emissions hierarchy, GGRs should be the least preferred option; however, this is not
to say that they will not be needed, nor that their use should be deferred. Research 3 suggests
that early deployment of greenhouse gas removals would be preferable in terms of
intergenerational equity and climate and environmental safety, with lower overall impact on
land use and food systems.

3

Obersteiner, M et al (2018) How to spend a dwindling greenhouse gas budget, Nature Climate Change, volume 8.
Available at https://doi.org/10.1038/s41558-017-0045-1

www.sccs.org.uk

Scottish Carbon Capture & Storage
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Analysis by SCCS4 found that Scotland emits around 3.6 Mt

CO₂/year from biogenic sources, including large-scale biomass combustion for heat and/or
power biogas, landfill gas and biomethane; and fermentation to produce alcohol (which
produces an almost pure stream of CO₂). Around 60% of this is from just 32 facilities, which
represents a significant opportunity for early deployment of GGRs on existing sources of
biogenic CO₂.
The UKRI-funded Scotland’s Net Zero Roadmap5 project will build on this work to investigate
the potential for CO2 removal from some of Scotland’s largest industrial emitters. Working
closely with emitters and referencing the most recent publicly available industrial emissions
data, the work is expected to cover sites from across the energy, food & drink and waste &
wastewater management sectors. Another key strand of this task will be close collaboration
with SEPA on the recording and public availability of biogenic CO₂ emissions data.

4

Brownsort, P (2018) Negative Emission Technology in Scotland: carbon capture and storage for biogenic CO₂
emissions. Available at: https://www.sccs.org.uk/images/expertise/reports/workingpapers/WP_SCCS_2018_08_Negative_Emission_Technology_in_Scotland.pdf
5
https://www.neccus.co.uk/the-roadmap/scotlands-natural-strengths-for-industrial-decarbonisation/

www.sccs.org.uk
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We suggest that similar analysis should be undertaken for the rest of the UK to understand
the potential for GGRs from existing activity.
In relation to the GGRs listed in Figure 1, is there new evidence that you can submit in
relation to any of the following: (i) technology readiness levels (ii) scale-up potential;
(iii) costs per tonne of CO2 removed (iv) constraints to deployment; (v) ability to verify
removals (vi) lifecycle emissions for these methods in the UK; (vii) wider
environmental impacts and risks.
In addition to the research cited above, we would draw your attention to the ERA-NET ACTfunded NEWEST-CCUS6 project - Negative Emissions in the Waste-to-Energy Sector:
Technologies for Carbon Capture, Utilisation & Storage – a summary of which is given below:
NEWEST-CCUS is an innovative three-year project funded by the ERA-NET Accelerating
CCS Technologies (ACT2) initiative to assess the scale of the European market for carbon
capture, utilisation and storage (CCUS) technologies in the waste-to-energy (WtE) sector.
The project, which began in September 2019, also explores the sector’s potential for
cumulative net carbon dioxide (CO2) removal from the atmosphere.
Our team of academic and industry experts from 21 organisations and six countries will build
on work already undertaken to de-risk and accelerate the development and deployment of
CO2 capture technologies tailored specifically for WtE applications.
By building strong collaborative networks, we will demonstrate technological capability and
deliver a robust methodology for negative emissions accounting, which will support the
successful implementation of CCUS in the WtE sector and the potential for WtE to be a key
contributor to climate change mitigation efforts.
We were pleased to see the role of CCS in the WtE sector explored in the CCC’s Sixth
Carbon Budget Advice: the amounts of GGR expected from WtE vary by a factor of 10
depending on the scenarios, with 1 MtCO₂/yr of negative emissions at the lower end, and up
to 10 in the headwinds scenario. This is a slight underestimate, however, as the CCC
assumes a CO₂ capture rate of 95%; CO₂ capture rates of almost 100% have, in fact, been
shown to be possible, with marginal additional cost. 7
What are your views on the government’s intention to coordinate deployment of GGR
technologies such as DACCS and BECCS in line with our stated CCUS ambitions, and
how could we best do this?
This coordination is important: both BECCS and DACCS require the existence of CO₂
transport and storage infrastructure, so the government’s support for CCUS clusters, and
establishment of CCS business models, will be crucial for the deployment of BECCS.

6

https://www.newestccus.eu
IEAGHG (2019) Towards Zero Emissions CCS in Power Plants Using Higher Capture Rates or Biomass. Available
at: https://ieaghg.org/publications/technical-reports/reports-list/9-technical-reports/951-2019-02-towards-zeroemissions
7

www.sccs.org.uk
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However, any further work needed on GGR should not be allowed to slow down deployment
of CCS. Coordination of these workstreams should mean that government activity on GGR
(including on business models for GGR) is expedited in line with existing timescales for CCS
deployment.

Scottish Carbon Capture & Storage (SCCS) would be happy to answer any questions or
provide further information. We have a wealth of research – produced by our partner
research institutions and by the SCCS team – that we would be happy to share.8

For more information contact REDACTED

8

See http://www.sccs.org.uk/expertise/reports , http://www.sccs.org.uk/expertise/reports/working-papers ,
http://www.sccs.org.uk/expertise/publications

www.sccs.org.uk

Scottish Carbon Capture & Storage

Page 5

3

OGUK response to Department for Business, Energy and Industrial Strategy:
Greenhouse Gas Removals
26th February 2021
OGUK is the leading representative organisation for the UK offshore oil and gas industry. Our membership
includes over 400 organisations with an interest in the UK’s upstream oil and gas and other energy sectors. As
the champions of industry, we work to inform understanding with facts and evidence, engage on a range of key
issues and support the broader value of this industry in a changing energy landscape. From exploration through
to decommissioning and located across the length and breadth of the UK, our members are critical to safely
providing security of energy supply, while supporting around 270,000 jobs and contributing billions of pounds to
the economy each year.
The sector has a significant contribution to make to achieving net zero and is currently working with BEIS on the
North Sea Transition Deal (NSTD) as proposed within the Energy White Paper. In doing so the sector will contribute
both to the UK’s net zero objective and continue to provide secure, reliable, and affordable energy sources for
customers. It will also help the UK’s oil and gas supply chain drive the Energy Transition at home and win business
abroad, building on its deserved reputation of excellence acquired in the UK continental shelf. The UK should
make the most of the opportunities presented for the continued growth of our economy. The NSTD focuses on
five main areas:
•
•
•
•
•

Supply decarbonisation, cutting upstream oil and gas industry emissions through an ambitious
production emissions reduction programme.
Carbon Capture & Storage, enabling large parts of UK industry and society to eliminate emissions.
Hydrogen, providing a realistic alternative for heating, heavy industry, and transport.
Supply chain transformation, developing expertise that underpins energy-sector wide export growth
from the UK, creating a globally competitive energy supply chain of international repute.
People & Skills, securing, stimulating, and creating tens of thousands of high-quality jobs in industrial
heartlands.

With respect to carbon capture, our sector is initially focused on the transport and storage (T&S) aspect and is
already acting as a focal point for the main CCUS Cluster projects. However, this increasingly will require the future
T&S businesses to support and facilitate carbon capture projects, including engineering-based approaches. This
consultation response focuses particularly on this aspect of the consultation. However many of our members are
also involved in nature based approaches as part of their wider Group activities.

OGUK
February 2021
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RESPONSE TO INDIVIDUAL QUESTIONS
Q2-4

Contribution of GGRs will be required to achieve the UK’s net zero target by 2050?

Although technology pathways are inherently uncertain, greenhouse gas removal is likely to be required to meet
the net zero target by 2050. This is discussed, for example, in the CCC sixth carbon budget recommendations
where various scenarios are presented. Given the inherent uncertainties in terms of the contribution of different
technologies, government should follow an approach whereby numerous options are developed at scale.
Development of the carbon capture and storage framework has made significant progress in the last 12-18
months. Various assessments have been made of the cost of transporting a storing captured carbon. For example,
the Energy Integration Project coordinated by the OGA estimated the cost of the T&S aspect is around £1230/tonne (OGA report).
Although both engineering and nature-based solutions will be relevant to achieving net zero, the monitoring and
verification requirements will differ. But both elements will need to have strong reporting standards in this
respect.
Q5-Q12

Design of Policy measures in support of GGR projects

As with many emission reduction technologies, there are a number of market failures which mean policy measures
are necessary to support deployment. Policy measures also need to evolve as the rate of deployment increases.
In the early phases, concentrating on infrastructure and feasibility, while later focusing on price incentive
mechanisms. For GGR technologies, pure economic barriers are not likely to be relevant in early stages so the
technologies are less likely to be successfully deployed on the basis of, for example, carbon prices alone.
In other sectors a combination of measures has been successful with government/consumer backed contracts
(CfDs) combined with a voluntary approach being the most widely used at present rather than obligation-based
approaches. Bespoke contracts rather than auctions may be more suitable for initial stages. With respect to the
carbon T&S infrastructure, the expectation is that this element of the value chain will be subject to economic
regulation with terms and conditions overseen by an independent regulator.
Quantity based mechanisms are likely to be more effective. Price based mechanisms can end up distorting and
overlapping with the carbon market in an unhelpful way.
Q13-14

Differentiating between different GGR options

A “technology neutral” approach is something that government should aim for in the medium to long term.
However, the current objective, across all net zero technologies, must be to get all moving towards deployment
at scale. Interfaces between technologies and policies are important. It is important for the government to avoid
distorting the emerging UK Emission Trading Scheme framework
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Q15-24 Assessment of individual approaches
Policy is still developing and evolving, and the UK should learn lessons from other jurisdictions.
Tax credits: have been shown to work in some cases. However, policy should not be narrowly focused on
particular sectors and it is important that greenhouse gas removal is implemented on the basis of economy wide
initiatives. In addition, each company’s tax position is different, so an incentive package based around the tax
system risks constraining sources of investment and having a distortive impact.
An obligation-based approach has tended to constrain the channels of investment through existing incumbent
companies. The operation of any “buy out” price can often interface unhelpfully with price formation in other
markets and the carbon market.
Regulatory approaches are important particularly at the early phases of policy development. Setting up the
“market” for GGR, the reporting and monitoring requirements and enforcement are central to effective policy
development. With respect to carbon T&S infrastructure an economic regulation approach is now expected in
order to promote investment and ensure fair access from a range of different capture projects.
Payments and contracts are more likely to be important in the early phases of deployment as with the successful
contracts for difference approach. Direct support may also be required for initial projects.
Cap and trade will ultimately be a central part of emission reduction incentives, including for greenhouse gas
removal. However this needs to be in the context of existing trading regimes rather than a parallel structure that
risk distorting the economic signals.
Finally, voluntary action will increasingly play a strong role supplementary incentive in promoting all new
technologies. Many businesses are setting individual targets in response to requirements of investors and wider
stakeholders. Implementing the recommendations of the Taskforce on Climate Related Financial Disclosure
(TCFD) will provide an additional impetus to all emission reduction technologies including both engineering and
nature based greenhouse gas removal.
Q25-27 Alignment with CCUS and implementation issues
Policies across the board need to be strongly coordinated. The implementation of the NSTD will be an overarching
framework for the offshore sector in terms of its contribution to achieving the net zero target. DACCs and BECCS
will contribute to achieving a UK based carbon capture industry at scale which will be central to successful
deployment and cost reduction Accreditation and strong MRV procedures are central to all emission reduction
policy, building on the existing ETS framework.
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Standard Gas Technologies Ltd
From: REDACTED, Director Tel: +44
(0)20 xxx
Mobile: REDACTED
Email: REDACTED
March 2, 2021

Response from Standard Gas Technologies Ltd.
National Infrastructure Commission
GREENHOUSE GAS REMOVAL TECHNOLOGIES STUDY
Call For Evidence
Evaluation of GGR Technologies
1.What technological approaches do you consider fall under the two categories
of GGR technologies covered by this study of BECCS (including biogenic waste
with CCS) and DACCS? Are there any others that we should consider?
Standard Gas Technologies Ltd has, over the last twelve years, developed a patented
technology that takes non-recyclable household waste and converts it to a char and a
syngas. We consider this advanced thermal treatment of high biogenic content waste
to fall under the remit of this study. Our process has been independently assessed as
carbon negative as long as the feedstock is greater than c.50% biogenic. A detailed
account of our process is given in the accompanying document [Standard Gas
Technologies Ltd Description.docx].
There are two major advantages to including the thermal treatment of waste in this
study:
i.

Since the feedstock is a waste, there is little question about its availability
both on ongoing and large-scale bases (we are able to treat c.80% of the
waste types that currently go to incineration, which in the UK is c.10m
tonnes of waste p.a.).

ii.

As it is true waste (hence why it attracts a disposal gate-fee i.e. it has no
further economic value) there are few issues surrounding its assumed zero
carbon footprint. Any feedstock that is itself a product, such as woodchip,
must carry a carbon footprint as it is produced for the purpose of burning
and thus carries its economic value (and we would argue its carbon
footprint) to the “gate”. Moreover, the carbon intensity of 1 tonne of purebiogenic feedstock is likely to increase over time as demand for that

1

feedstock escalates exponentially leading to pressure to rely on nonrenewable resources and sources that are more transportation-intensive.
2. What are the constraints (beyond funding) to the potential size of a UK-based
GGR industry? At what point do these constraints come into effect and impact
the development of adequate capacity to meet the net zero ambition?
Constraints could include requirements for inputs, e.g. sustainable biomass,
and infrastructure and accounting requirements.
If we consider only pure biomass as a feedstock, then a major constraint will soon be
reached: namely a shortage of that feedstock. This is because it will likely need to be
sourced from outside of the UK and must be from a sustainable source to avoid
deforestation. The timeline for the onset of these constraints is directly related to the
size of the future biomass-only BECCS industry within the UK.
However, if we include the biogenic fraction of any feedstock, specifically waste
feedstocks (we define waste as a feedstock with a considerable disposal fee or
positive gate-fee) then the potential size of the industry is increased by roughly 73%
of the mass of biogenic waste the UK can process rather than the mass of biogenic
feedstock that can be imported. A figure of 73% is used as the potential increase, as
our SG technology (detailed in the separate document) extracts roughly one in five
carbon atoms from waste as biochar, which being solid carbon is equivalent to 3.7
times its weight as CO2e. Therefore, 1tonne of biogenic waste yields 200kg of
biogenic char which is equivalent to 733kg of CO2. This change from a limit dictated
by an ability to source high quality (sustainable) feedstock to a limit driven by industry
size within the UK, offers a significant opportunity for investment and innovation to
occur.
In the UK alone the mass of household biogenic waste is c.8m tonnes (20m tonnes of
waste p.a. of which 40% is biogenic) but this does not take account of our ability to
import waste and do so economically. Nor does it include other sources of biogenic
waste that are otherwise converted back to GHGs within short timescales - e.g.
sewage sludge from both human and animal origins. This means that the potential
size of the biogenic waste to biochar is of the order of 10-20m tonnes of CO2 per
annum (assuming that is 73% of the available mass of feedstock). If we then include
the scope of CCS of any flue gases into a BECCS-like gas storage facility, we can
multiply this number by 4 (as one in five carbon atoms captured from the biogenic
fraction of the waste feedstock now becomes five out of five) - i.e 40-80m tonnes of
CO2 p.a. which is a considerable share of the required total of 400m tonnes p.a. to
achieve Net-Zero in the UK.
The advantage of planning for the carbon negative route offered by treatment of waste
containing a biogenic fraction (“carbon negative” assumes the biochar carbon
outweighs any fossil-related emission) is that as the industry grows there need be no
adjustment for the carbon footprint within the feedstock. Unlike 100% biomass,
because our process relies on mixed waste, it negates the prospect that that feedstock
might itself have an ever-increasing carbon footprint. This is because as plastic
2

recycling and other technologies advance, the make-up of the waste adjusts, ensuring
it is always an unusable, end-of-life (thus zero carbon footprint) feedstock. This means
our carbon capture figures are determined by normal economics and are free from the
concerns of standard BECCS as we develop new technologies towards 2050. As a
result, technologies such as ours offer future-proof carbon negativity and should be
included within any planned pathway to the UK achieving Net Zero.

Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the
UK?
Obtaining financing is the main barrier. Current removal costs for most GGR
technologies are above £250/tonne. This makes removal credits unaffordable for
major purchasers, and results in a thin market with unpredictable forward pricing. This
lack of price guidance hampers the development of technologies like ours because it
impacts the risks would-be financiers attach to revenues that we expect to generate
from future credit sales. Until there is confidence about likely future demand for
removal credits, technology suppliers like us cannot close financing to produce those
credits. This lack of clarity creates an unintended market-entry barrier for smallerscale, yet cheaper and highly innovative removal solutions: this is because would-be
financiers are likely to shun novel solutions like ours in the hope that government help
will rapidly reduce to affordable levels the current £250/tonne removal costs of existing
technologies. We therefore support a level playing field approach that reduces cost for
all equally, and also recognises that artificial removal price reductions mean that
investors will continue to shun real technology advances despite their potential to offer
removal at market-beating rates.
4. Can these barriers be overcome in time through delivery of new government
policy mechanisms? If yes, what policy do you consider could be applied, why
and by when? If no, what other actions are necessary and by whom?
Yes – these barriers can be overcome via government policy mechanisms that
incentivise the development and deployment of GGR technologies.
To incentivise innovation, a grant should be made available for projects with an end
goal of “proof of concept for a GGR technology”. It would cover a governmentapproved assessment of the carbon accounting (to standardise the claim of GGR
technology) and costs of regulatory hurdle clearance (such as achieving EA
approvals).
To incentivise deployment, nascent GGR technologies need certainty of revenue. This
will require:
•

A robust common carbon accounting model so that all GGR claims within the
UK are standardised.
3

•
•

UK companies making Net Zero claims having a given percentage of GGR
offsets within their mix.
A UK Government framework that guarantees a ratcheting up of this required
GGR percentage over time. This demonstrates both multi-year commitment
and an understanding that incentive adjustment will maintain the need to
continually innovate.

To underpin the above, corporates within the UK need to recognise and align with the
Net Zero by 2050 Pledge. Today, too many feel simply offsetting their emissions is
sufficient. Furthermore, companies offsetting 100% of their emissions may be simply
supporting or subsidising the reduced but continuing emissions generated by their
offset suppliers.
The net effect is that the current system provides capital to industries that can reduce
emissions on an immediate basis. While this is important, it has no relevance to one
half of the Net Zero Pledge because some industries eventually will be technologically
unable to further reduce operational emissions beyond immediate reductions.
For this reason, it is essential that government both impresses this dynamic upon
emitters and stresses that meeting the Net Zero Pledge will require a mix of net zero
solutions, including (at an ever-increasing percentage) GGR. We believe a key
principle of a Net Zero Pledge is that companies making such a pledge be both
enabled and required to distinguish between avoidance and removal in their reporting.
5. Are there existing policies that will need to be adjusted to enable the
development and deployment of the different GGR technologies?
Not answered.
6. What principles should guide the design of a funding framework for GGR
infrastructure to ensure fairness in paying for the costs of deploying and
operating this infrastructure and address distributional impacts challenges?
•
•
•

•

Institute standardised accounting including a robust methodology for carbon
sequestration techniques. This will create confidence around GGR claims.
Require companies making net zero claims to include GGR offsets in their mix.
Require and ensure that imports involved in any facet of GGR technologies
operations are held to the same standards as those within the UK system. For
example, if chemicals for DAC technologies are sourced globally, they must
also face the same scrutiny as domestic GGR technology inputs. This could
be achieved by a surcharge on imports that are more carbon intensive than UKmade equivalents.
Where government funding has enabled a GGR technology (such as BECCS),
then some levelling credit should be given to non-funded GGR technologies.
Without this, only GGRs supported by government investment schemes are
likely to be developed at large scale, in effect replacing the natural course of
innovation with central planning. Levelling credits (in the form of certificates
like RTFCs) also help monitor and control payback for government
4

investments. If a scheme such as the North Sea CO2 pipeline is overly lucrative
for industry, levelling credits take-up will be minimal (as any other technology
not using the pipeline will be unable to compete and likely fail regardless of
effectiveness or efficiency). This potential zero-take-up from companies not
enjoying direct government-facilitated GGR schemes allows for a raising of the
levelling credit value at no cost to the government until an equilibrium is
achieved that incentivises both sides and removes the crowding out effect.
In relation to our own Standard Gas technology (mentioned in answer 2 above and
detailed in the accompanying document), the general points made above would mean:
•

•

•

•

Widening the Department of Transport’s RTFO scheme to allow Hydrogen (H2)
production from waste to qualify as a development fuel. This realigns
definitions about true GGR technologies to other departments’ incentives for
carbon emissions reductions. Currently, there are disconnects between what
is qualifying due to rules derived from the RED II directive (which proposes a
27% renewable share of electricity consumed by the electricity, heating and
cooling, and transport sectors of industry by 2030). If we have a standardised
carbon accounting system, true removal technologies should qualify for
incentives across the board to ensure a smooth reduction of emissions across
all sectors once technologies can achieve those removals.
A key element of a robust methodology for carbon sequestration accounting
should be the development a char/biochar residue classification system. This
is because the current EA process is designed for incineration residuals alone,
thereby creating a major market barrier for carbon capture technologies that
can deal with standard waste.
Tax Incentives for hard-to-abate industries to use carbon negative fuels.
Schemes that drive hard-to-abate industries to purchase carbon negative fuels
not only help nascent technologies but also encourage relationships between
new technologies and incumbent heavy industry. This partnership will
accelerate emissions reduction as existing industries adopt new technology.
As incineration emits huge amounts of CO2 but is exempt from emission
schemes, it is time to tax these emissions because mitigation technologies now
exist. In the absence of taxation for existing heavy polluters, there is a major
risk that their ability to reduce emissions with minor operating adjustments will
cement their long-term incumbency, raising barriers for otherwise cleaner
technologies.

7. What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
To incentivise both innovation and deployment the government can support the future
demand for GGR technologies. This can be achieved either by requiring companies
making claims about Net Zero aims to allocate a proportion of their offsetting to GGR
technologies, or through other best-practice guidelines.

5

To specifically incentivise innovation, grants should be made available for projects
where the end goal is “proof of concept for a GGR technology”. This grant would cover
a government accepted assessment of the carbon accounting (to standardise the
claim of GGR technology) and costs of regulatory hurdle clearance (such as achieving
EA approvals).
To incentivise deployment, nascent technologies need certainty of revenue from their
GGR technology. To achieve this requires:
•
•
•

A robust common carbon accounting model so that all GGR claims within the
UK are the same.
A requirement that UK companies making net zero claims must have a given
percentage of GGR offsets within their mix as detailed in answer to Q6.
A framework from the UK that guarantees a ratcheting up of this required GGR
percentage over time - much like the RTFO requires an increasing share of
development fuel.
This shows both multi-year commitment, and an
understanding that - as innovation meets the need - the incentive adjusts to
maintain the need to innovate.

8. Is there evidence of lessons from other sectors or countries that can inform
the development of the policy framework for GGR technologies in the UK?
Not Answered
Development and Deployment
9. Considering the current level of development of relevant technologies, from
an engineering and planning perspective, how long would it take to get these
technologies to the stage of being able to be deployed? And to the stage for
construction of plants?
Though we are not in a position to comment on the level of development of specific
BECCS projects that rely on gaseous carbon capture, we are ourselves at a
technological readiness level of 7. Through an operational and near-full scale
prototype , we have proven our technology’s ability to produce a biochar on a
continuous basis from a wide range of household wastes. We have achieved EA End
of Waste status for our product syngas, which ensures that it can be used to produce
green electricity (and by extension green hydrogen with electrolysis) or after further
chemical processing be purified to make grid-standard natural gas. The extensive
data obtained from many thousands of hours of run time of our prototype also lend
justification to our independently verified carbon accounting numbers.
We are in the process of finalising our full engineering drawings with a view to instruct
our chosen manufacturer to begin construction of the first full-scale plant by end of Q2
2021. With build and test time totalling 18 months, we expect to have a carbonnegative operational plant by the beginning of 2023. Our subsequent roll-out plans
include 5 plants by end of 2024 and 40+ plants by 2027. If the market is as receptive
as our research tells us, then we aim to cross the one million tonnes of carbon removal
6

p.a. within 7yrs. None of this is using CCS of our flue CO2 which if incorporated (when
available at an economic cost) is likely to more than double the 1m tonnes p.a. capture
rate (as it will not be available at some sites, but where it is, we can increase the
number of units rapidly as it becomes economic to do so).
10. Are there parts of the end-to-end GGR delivery chain that only government
can provide, or will adequately designed market mechanisms be enough to
unlock the delivery chain?
Though market forces are likely to be able to unlock the delivery chain, it is our belief
that only Government can provide the economic environment to deliver this solution
within the timeframes required. Only Government can:
1. Ensure that corporates making net-zero claims are steadily, over the coming
years, increasing their financing of carbon removal not just carbon avoidance,
either through credit purchases or direct investment.
2. Provide the tax breaks to and create a favourable financing environment for
nascent technologies to ensure that we see a rapid reduction in the cost per
tonne of carbon removal. Without this boost, incumbent industries can and will
provide a steady reduction of existing emissions through natural engineering
“fine tuning”. However, this is not enough to achieve net-zero and will almost
certainly lead to the crowding-out of smaller, more innovative companies.
3. Change the regulatory environments where necessary to ensure that
scientifically proven progressions can overcome some of the hurdles that were
designed for a previous era. An obvious example is the need to have
regulations updated to deal with different types of char being produced. At the
moment chars from non-100% biomass are not deemed inert waste as they are
technically combustible and so cannot easily be sequestered without
developing new disposal routes.
4. Provide the economic framework where financiers can rely on future take off
prices, whether that is electricity prices 10yrs hence (as has been one of the
roles of government in providing a rapid change in the UK’s grid mix) or going
forward carbon prices (specifically carbon removal credit prices).
11. What comparative advantage might the UK have in developing and deploying
GGR technologies or in any future global market for negative emissions?
Not Answered.
12. What do you consider to be the regional impacts of deploying GGR
technologies at scale? This should cover both positive and negative impacts.
Not Answered.
REDACTED, Director - Standard Gas Technologies Ltd,
Tel: +xxx / Mobile: +44 xxx Email: REDACTED
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Ember’s response

On the Evaluation of GGR Technologies
2. What are the constraints (beyond funding) to the potential size of a UK-based GGR industry? At
what point do these constraints come into effect and impact the development of adequate capacity
to meet the net zero ambition? Constraints could include requirements for inputs, e.g. sustainable
biomass, and infrastructure and accounting requirements.
The ability of BECCS to deliver negative emissions is founded on the assumption that burning
biomass to generate energy is carbon neutral: if burning biomass is carbon neutral then capturing its
emissions results in negative emissions. Therefore, combining CCS technology with existing
bioenergy technology provides a deployable negative emissions mechanism that can scale. The
perceived availability and deliverability of BECCS as a result of these assumptions has led to the
prominence of BECCS in negative emissions scenarios.
However, a growing weight of evidence has overturned the assumption of the carbon neutral status
of biomass: The European Academies Sciences Advisory Council (EASAC) now states that using
woody biomass for power “is not effective in mitigating climate change and may even increase the
risk of dangerous climate change.”1 On the balance of the evidence, there is a high risk that current
practices of burning biomass to generate energy is net carbon emitting and contributing to climate
change over a timescale relevant to the Paris Agreement. Therefore, understanding the full
emissions embodied in biomass is essential for calculating the genuine negative emissions delivered
and as a result, the potential size of the contribution BECCS can make to the UK-based GGR industry.

1

EASAC (2021) Climate impact of woody biomass, https://easac.eu/media-room/press-releases/details/easac-welcomesthat-the-jrc-report-strengthens-the-case-for-shorter-payback-periods-on-woody-biomass/
Ember is the trading name of Sandbag Climate Campaign CIC
Registered as a Community Interest Company in England & Wales: Company No. 6714443
Correspondence Address: The Fisheries, 1 Mentmore Terrace, London, E8 3PN
EU Transparency Register: 94944179052-82
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On Market mechanisms and policy frameworks
5. Are there existing policies that will need to be adjusted to enable the development and deployment
of the different GGR technologies?
The primary source of biomass used in large-scale bioenergy is wood derived from the forestry
sector. The carbon impacts of burning wood for energy are dependent on many variables regarding
the type of wood used, the impacts on forest carbon sinks of harvesting wood for biomass, and
comparisons of biomass use against counterfactual situations in which biomass is not burned. In
theory, burning wood can be considered carbon neutral provided that it satisfies specific cases of the
above variables in which forestry products are maximised for higher carbon-saving non-energy uses,
and harvesting wood for biomass results in improvements in forestry management and increases
carbon stocks. However, these scenarios rely on strong policy measures to incentivise only the
production and consumption of wood that delivers carbon savings, and robust verification that such
policies are always being followed2 - even small amounts of higher-carbon feedstock in the supply
chain can lead to biomass emissions which are higher than coal. Such policy measures do not exist in
the UK.
Given the complexity of establishing the carbon impacts of burning wood, it is unclear what the
scale of supply of genuinely carbon neutral wood is and so it is very difficult to establish a realistic
magnitude of negative emissions that can be delivered through BECCS.
As an alternative (or in addition) to the use of wood as a feedstock for BECCS, the production of
dedicated energy crops has also been suggested. Indeed the CCC have presented scenarios in which,
to meet demand, 1Mha of UK land is made available for energy crop production and in extremis
increased global production of energy crops requires 200Mha - an area the size of Greenland. As we
have stated previously in our report on National Grid’s 2020 Future Energy Scenarios3, although it is
technically possible to achieve these various supply scenarios, given the enormous scale of land they
require for energy crop production, there are very significant implications around food competition,
water consumption, pesticide use, and biodiversity impacts.
To achieve a genuinely sustainable supply of biomass, all of the above considerations need to be
addressed and satisfied – a task that would require significant research into and monitoring of bestpractice in biomass consumption, as well as comprehensive multilateral policy and legislation to
ensure its enforcement.
Other uses of land for generating negative emissions must be considered. Once the carbon costs of
pesticide and fertiliser use, as well as those of harvesting and transportation have been factored in,
the realised negative emissions of bioenergy crops in BECCS may be lower than if the same land was
used for another carbon-absorbing activity such as planting natural forests, especially across the
short time between now and 2050.

2

Robert Matthews, Geoff Hogan and Ewan Mackie (2018) Carbon impacts of biomass consumed in the EU: Supplementary
analysis and interpretation for the European Climate Foundation, Project report for ECF
3
Ember (2020) Gambling with biomass: Reliance on BECCS undermines National Grid’s net-zero scenarios, https://emberclimate.org/commentary/2020/10/28/gambling-with-biomass/

In addition to the serious risks of failing to deliver negative emissions, large-scale deployment of
BECCS will also likely be a highly expensive process. As we have recently reported4, Drax, the world’s
largest biomass user, received £832m in public subsidy in 2020. Delivery of large-scale negative
emissions through BECCS will require bioenergy capacity far greater than that of Drax and so
accordingly will involve very large costs to the public purse5.
Use of public funds to subsidise bioenergy currently represents a poor use of this money when
compared to cheaper and genuinely emissions-free sources of energy (such as wind and solar).
Supporting BECCS with public money must be approached cautiously, and the economics carefully
compared with other proven GGR methods such as the restoration or planting of forests. It is also
worth considering the impact that investing the money required for BECCS in more rapid and deeper
societal decarbonisation could have in actually reducing the need for GGR.

4

Ember (2021) Briefing: Drax’s 2020 biomass subsidies, https://ember-climate.org/commentary/2021/02/25/draxbiomass-subsidies/
5
See also: Ember (2020) The Burning Question: Should the UK end tax breaks on burning wood for power?, https://emberclimate.org/project/the-burning-question/
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26th February 2021

Energy Systems Catapult Response: BEIS Greenhouse Gas Removals Call for
Evidence
Contact: REDACTED

Dear BEIS Greenhouse Gas Removals Team,

About Energy Systems Catapult
Energy Systems Catapult was set up to accelerate the transformation of the UK’s energy system
and ensure UK businesses and consumers capture the opportunities of clean growth. The Catapult
is an independent, not-for-profit centre of excellence that bridges the gap between industry,
government, academia, and research. We take a whole systems view of the energy sector, helping
us to identify and address innovation priorities and market barriers, in order to decarbonise the
energy system at the lowest cost.

Our Evidence on Greenhouse Gas Removals
We lay out our evidence in response to key questions below, which we have drawn from the
following ESC reports:
•
•
•

Innovating to Net Zero1
Accelerating to Net Zero: A Sector Led Approach to an Economy-Wide Carbon Policy
Framework2
Developing Carbon Credit Markets3

Yours faithfully,

REDACTED

ESC (2020). Innovating to Net Zero. https://es.catapult.org.uk/reports/innovating-to-net-zero/
ESC (2020). Accelerating to Net Zero: A Sector Led Approach to an Economy-Wide Carbon Policy
Framework. https://es.catapult.org.uk/reports/accelerating-to-net-zero-a-sector-led-approach-to-aneconomy-wide-carbon-policy-framework/
3
ESC (2021). Developing Carbon Credit Markets. https://es.catapult.org.uk/reports/developing-carbon-creditmarkets/
1
2
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Responses to Questions
1 Do you give permission for your evidence to be shared with third party contractors for the
purpose of analysis?
Yes.
2 Do you agree that some GGRs will be required to achieve the UK’s net zero target by 2050?
What are your views on the suitability and mix of different technologies in supporting the
delivery of net zero?
ESC takes a whole systems approach to Net Zero pathway analysis. This includes representation of
a wide range of technologies, but also, crucially, consideration of societal change. While low and
zero carbon technologies can substitute for incumbent technologies across a wide range of current
behaviours, such as driving, home heating, and powering appliances, it is expected that certain
other behaviours - notably international aviation and meat/dairy consumption – will continue to
result in carbon emissions out to 2050.
While more radical socio-technical change is not inconceivable (such as zero emissions aircraft, labgrown meat, or changing social norms eliminating demand for aviation and meat altogether),
based on current understanding it would be extremely risky to position these as anything other
than speculative developments. For that reason, ESC regards GGR solutions as an essential part of
the UK’s Net Zero strategy. Developing these solutions would also raise the potential to go net
negative in the second half of the century as necessary.
Given uncertainty over other countries’ approaches, rate of progress, and the eventual global
competition for emissions offsets, ESC believes that current efforts should be focused on
deployment of GGR within the UK.
As indicated in the summary of GGR methods in the Call for Evidence, there are risks associated
with each of the candidate approaches. Some are more scalable than others, and some represent a
‘one-time’ benefit that would cease to offer net removals over time. From an energy systems
perspective, two approaches of particular interest are BECCS and DACCS. Our previous analysis
suggests significant potential for sustainable domestic biomass production as part of a wider UK
biomass value chain.
3 In relation to the GGRs listed in Figure 1 (except afforestation, habitat restoration and wood in
construction), is there new evidence that you can submit in relation to any of the following:
(i) technology readiness levels
•

CCS has been safely in use since 1972 (for EOR) while BECCS has been widely demonstrated
over the last decade. BECCS for production of ethanol has been successfully implemented in
large-scale projects overseas providing fuel for the automotive sector. From a technical
perspective, BECCS has shown sufficient evidence of successful implementation. In the past
decade, more than twenty pilot, demonstration or large scale BECCS projects were either
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•
•

completed, operational, under development or planned, with a range of CO2 storage capacity
(1-4,000 ktCO2/yr).
There are plans for a new biochar demonstration plant by Avello at the ISU BioCentury
Research Farm in Boone, IA.
Five companies (Carbon Engineering, Climeworks, Global Thermostat, Infinitree, and Skytree)
are focusing on DACCS technology development such as absorption using sodium hydroxide
and amine adsorption, demonstrated at capture capacities between 365-990 tCO2/year. These
have yet to be demonstrated at scale.

(ii) scale-up potential (in the UK and/or globally)
•

Drax alone could deliver around 4 GW of power generation from BECCS with full conversion to
biomass fired boilers and CCS. Drax has made significant progress in demonstrating and scaling
up their capabilities and once completed would be the largest BECCS plant in the world. The UK
has the potential to store over 78 GtCO2, which opens the opportunity for UK to be a BECSS
hub for the world.

(iii) costs per tonne of CO2 removed, including any additional information about cost savings
per tonne for removals “in bulk” (where possible, please provide evidence for cost breakdowns
across the various elements e.g. capture costs, transport and storage costs)
•

•

Wide ranges of costs exists for carbon capture and removal from BECCS plants, depending on
the type of technology, region and feedstock used; between £20-60/tCO2 from gasification
plants and £70-£230/tCO2 from combustion plants.
The latest range of costs ESC holds for DACCS is between £40-£450/tCO2.

(iv) constraints to deployment;
BECCS
•
•
•
•
•
•

Feedstock availability, both due technical and social constraints (e.g. farmers).
Cross-border biomass sustainability certification.
Conflicting driving forces of BECCS cost, for example, CAPEX cost reduction by scale up
(economies of scale, tech learning) vs. biomass cost increase by scale-up.
Establishing a balance between land use for agriculture and energy crops.
Need for carbon transport and injection infrastructure.
Policy framework (e.g. negative emission credits).

Biochar
•

Uncertainty in existing methods for measuring the carbon stored.

DACCS
•
•
•
•

Availability of cheap low carbon energy (waste heat, curtailed renewable energy, etc.).
High cost.
Need for carbon transport and injection infrastructure.
Policy framework (e.g. negative emission credits).
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Enhanced Weathering
•
•
•
•

Carbon drawn into soils could be easily rereleased in the future if land management practices
change.
Uncertainty in existing methods for measuring the carbon stored.
Impact on soil quality is not yet known.
Farm subsidy schemes to pay UK land owners for capturing carbon does not exist.

(v) ability to verify removals, taking into account considerations of permanence of removal (i.e.
how accurately can you measure the amount of CO2 removed and stored by this method);
•
•

•
•

Established measurement technologies exist “on plant”, which show a 90-95% carbon capture
efficiency is plausible.
Much more uncertainty remains over measuring carbon sequestered with biomass and soil
carbon content. Measurement technologies exists, but these are not scalable to large areas of
land. If not managed effectively, carbon can be released into the atmosphere if energy crops
are planted in unsuitable locations
In DACCS measurement technologies are immature.
For Biochar and enhanced weathering, there is uncertainty in existing methods for measuring
the carbon stored.

(vii) wider environmental impacts and risks.
•
•
•
•
•

Concern over Biodiversity; farming and land management practices can either improve or
degrade the local ecology.
Net increase in carbon emissions if biomass used is not sustainable.
Sorbents used for capture are mostly moderately toxic.
Impact on soil quality is not yet known.
Carbon drawn into soils could be easily rereleased in the future if land management practices
change.

5 What do you consider to be the main barriers to the development and deployment of GGRs?
•
•
•
•

The existing GGR technologies have uncertainties in quantifying the amount of carbon stored.
A lot of uncertainty remains on the cost.
BECCS, DACCS, Biochar, and Enhanced Weathering have not been demonstrated at large-scale.
Impact on ecosystem and biodiversity is not yet fully known.

6 What principles would you like to see included in a framework for incentivisation of
greenhouse gas removals?
Generally, we recommend the following guiding principle for developing and implementing carbon
policies, but they are also applicable to creating a framework of incentives for GGRs:
1. Economy-wide in scope. Net Zero leaves no room for exceptions, therefore, policy must
cover all major emitting sectors.
2. A whole systems approach. Policy must cover all energy vectors and parts of the supply
chain, from investment through to consumers.
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3. Technology, vector, and material neutral as far as possible. Policy must enable
innovation and the discovery of the best combination of measures. This must also recognise
the need to support low- or no-regret technologies and vectors early on.
4. Create coherent market incentives for low and zero carbon choices. In a market
economy, prices and incentives are a key long-term driver of choices and investment by
consumers and the private sector, therefore, relative prices must be aligned to favour low
and zero carbon choices.
5. Market signals need to be supported by complementary policies. Prices and incentives
need to be complemented by other policies that address barriers to change and coordinate
collective decisions (e.g. infrastructure).
6. Support a just transition. Policy design should ensure that direct and indirect costs and
benefits of the transition to Net Zero are distributed fairly.
7. Long-term credibility. Long-term policy credibility will unlock the large volumes of private
investment and innovation needed.
7 What specific policy mechanisms could the government consider to incentivise (a) innovation
and (b) initial deployment? Could any of the policy options outlined above be designed in a way
that stimulates investment in innovation, including pilots and demonstrators for less mature
technologies? and 8 How could government best contribute to establishing optimum market
conditions for GGRs to be developed and deployed at a large scale?
We recommend the UK Government take initial steps to develop a Greenhouse Gas Removals
marketplace using taxpayer funded payments to farmers for providing public goods. This linking of
the UK ETS and the GGR marketplace could be one of the first linkages established between Net
Zero aligned sectoral carbon policies, with eventual expansion to include engineering-based GGRs
(see Figure 1 for more details).
9 How might the role of government change over time to bring GGR technologies to market
and encourage their deployment up to 2050?
Develop a GGR Marketplace
As proposed by Defra, the UK could replace the agriculture support schemes as it transitions from
the EU’s Common Agriculture Policy (CAP) with taxpayer funded payments to farmers for providing
public goods. This could include carefully designed incentives for farmers to adopt practices that
mitigate climate change, for example, measures that sequester carbon from the atmosphere.
As well as climate change mitigation, such a scheme could account for wider land use optimisation
and ensure it is delivering multiple benefits, such as biodiversity, food security, economic goals, as
well as climate. This is important, because a scheme that is solely focused on emissions reduction
or removal is likely to result in unintended consequences, such as impacts on biodiversity.
The scheme should ensure that incentives are calibrated and updated in line with a robust process
to build an empirical evidence base for nature-based negative emissions. Scheme oversight should
be central to this, with the independent verification and accreditation of negative carbon credits
being an important role. The Land Carbon Registry can be used as an exemplar for initiating
natured-based carbon credit accreditation, as well as potentially providing an initial source of
negative credits.
In doing so, this could lay the foundation for a GGR marketplace to develop. Crucially, by creating a
publicly funded and centrally accredited GGR marketplace, this could avoid nature-based negative
© 2019 Energy Systems Catapult
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carbon credits becoming devalued by lack of rigour in verification and accreditation. It can also
ensure all credits are sourced from within the UK, which is a key recommendation of the Climate
Change Committee.
Farmers and Landowners Generate Credits
Once the scheme is established, with farmers and landowners able to generate and sell credits, the
demand for credits can begin to shift from the public purse towards private sector demand from
sectors that require negative carbon credits to meet climate targets. Hard-to-abate sectors such as
industry and aviation would likely be key purchasers.
The linking of the UK ETS and the GGR marketplace could, therefore, be one of the first linkages
established between Net Zero aligned sectoral carbon policies. This would not seek to directly
impose a UK ETS on the agriculture sector, which could be covered by its own carbon policy in the
near-term designed to address the specific challenges of the sector. It could, however, be designed
in a way that allows for future integration of the sector into a GGR marketplace. Farms should not
be left at a disadvantage when they eventually require negative carbon credits to meet their own
sectors’ targets.
This approach could also be combined with existing initiatives such as the Land Carbon Registry.
Currently, Woodland Carbon Units are unable to be used within the UK ETS. In general, this linkage
should coincide with providing the opportunity to invest in GGRs for those that sit outside of the
ETS.
Expand the GGR Marketplace
Following a period of innovation funding, demonstrator projects, and scaling up of technologies,
the GGR marketplace should eventually expand to include engineering-based negative emissions.
The long-term sustainability of such a marketplace would continue to be funded by sectors that
require negative carbon credits.
These could include direct air carbon capture and storage (DACCS) and bioenergy with carbon
capture and storage (BECCS), both assuming robust MRV exists.
It is likely that as universal monitoring approaches across GGR methods are developed, nature- and
engineering-based negative emission credits will trade at difference prices. Quotas or buffers will
be required to prevent cheap natured-based negative carbon credits being used as an alternative
to emissions reduction. In addition, engineering-based negative carbon credits could also replace
any penalties used in the UK ETS, which would otherwise act as a price ceiling.
12 Are price instruments or quantity instruments likely to be more effective in encouraging and
sustaining deployment of GGRs? Or will a combination be required?
Instruments that are aligned with Carbon Budgets can ensure that the emissions reductions (and
removals) are achieved as part of a balanced and cost-efficient pathway to Net Zero. The use of
quantity-based instruments linked to these outcome-based targets can enable this. However, this is
dependent upon a market being in place to ensure that long-term demand can be sustained for
negative carbon credits. Pricing instruments may provide a level of investor confidence – provided
prices are not frozen over time – but setting the ‘correct’ price is incredibly difficult, especially in
the early stages of technology deployment where uncertainties remain.
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Figure 1 Overview of the proposed eight components for linking the UK Emissions Trading System (UK ETS) and Greenhouse Gas Removals (GGR) marketplace.
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13 How far should a policy framework aspire to be technology-neutral between different GGR
options?
As described in our response to Q6, we advocate that policies should generally be ‘Technology,
vector, and material neutral as far as possible’. Policy must enable innovation and the discovery of
the best combination of measures.
Historically technology-specific policy support has been introduced to give confidence to investors
in specific new technologies (e.g. Contracts for Difference). But this comes at the cost of
undermining longer-term policy certainty, which is crucial for investment and innovation across a
range of GGRs. Establishing clarity about the reward/market mechanisms at the outset will give
investors greater confidence around long-term policy to underpin investment in innovation and
supply chains across a range of GGR options – and ultimately help engender competition to reveal
the best combination of options.
There may be a limited case for time-limited innovation and early deployment support for a small
number of particularly promising or low-regret technologies (e.g. aspects of CCS). Where
technology-specific measures are adopted they should be clearly separated from the enduring
framework of market/incentive mechanisms for GGRs, and be clearly focused on identified
innovation or very early deployment objectives.
14 Could wider support for GGRs have any unintended effects on the development and
commercialisation of technologies in other sectors, and how could this be mitigated?
As discussed in the response to Q2, the UK should seek to develop and commercialise GGR
technologies to mitigate the need for speculative breakthroughs in technology or societal change.
This should not, however, act to mitigate the need for broad emissions reduction that result from
other, less speculative breakthroughs.
Even with GGRs, ESC modelling suggests that deep decarbonisation is required across the
economy, therefore, the risk of unintended effects on other essential technologies from supporting
GGRs is low.
22 What could a cap and trade scheme for negative emissions look like, and which sectors
would you propose to be included in such a market?
See responses to Q7 and Q8.
26 What principles would you wish to see in any accreditation scheme for negative emissions?
How should the government regulate this? Any evidence relating to best practice of existing
negative emissions MRV is welcomed and 27 What are the most significant barriers to
developing a robust monitoring, reporting and verification system for GGRs?
In order for linking carbon credit markets to be successful in enabling cost-efficient, economy-wide
emissions reduction, it requires effective scientific and regulatory oversight to ensure economic
incentives are driving genuine emissions reductions and removals.
This is because with regards to risk and permanence, one tonne of carbon dioxide reduced or
removed from one sector might not be equivalent to one tonne of carbon dioxide reduced or
removed from another sector.
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For example, greenhouse gas removals in general come with associated permanence risks,
especially in the case of nature-based approaches, where there are factors that vary based on
location, regional climate conditions, and plant species. This could be overcome with the use of a
buffer that reduces the effective amount of carbon credits produced from a given project, as
applied by the Woodland Carbon Code. For forests, the Forestry Act requires a felling license, which
ensures that felled trees are replaced. This, however, does not overcome the ‘carbon debt’ that
results. Any replaced tree would need at least two decades to sequester the equivalent carbon
again, proving problematic if being used to offset emissions from today.
The monitoring, reporting, and verification of emissions – both negative and positive – can be
straightforward when directly measured from a flume or when proxied through energy use, but
challenges arise for sectors such as agriculture. In addition, aviation and shipping raise international
accounting issues as they fall outside a jurisdiction’s NDC. Further, consumption-based emissions
(i.e. those that result from the embodied emissions of imported goods and services) yield
additional complexity for future policies imposed at the border.
Finally, linking carbon credit markets where differences in scope and coverage exist will require
robust accounting on both sides to yield investor confidence.
All of the above is likely to become an increasingly pressing issue as carbon policies are
implemented across the economy to achieve Net Zero. Therefore, it seems sensible that an existing
or new body is given the responsibility to verify emissions reductions and removals across the
economy.
Such a body – a carbon regulator – would:
•

Establish the principles and frameworks for carbon accounting across the economy.

•

Track the latest science in MRV and how it is reflected in both compliance and voluntary
carbon markets, as well as for consumption-based (or embodied) emissions.

•

Take account for attributes such as risk, permanence, level of empirical confidence,
additionality, etc.

•

To ensure monitoring and reporting is robust, transparent, consistent and accurate as far as
possible.

In addition, where the direct monitoring of emissions (positive or negative) is not possible, then
outcome-based assessments can be used instead; consistency is crucial. These are particularly
relevant for agriculture, forestry, and other land use sectors.
This is an area that we intend to delve deeper into in the coming months. ‘The Case for a Carbon
Regulator’ will explore how to improve emissions MRV to provide a basis for emissions reduction
and removal regulations and incentives. As part of the work we will:
•

Seek to understand the current and proposed MRV regulators used for different policies,
including the Environment Agency, Scottish Environment Protection Agency, the Office for
Environmental Protection, and the California Air Resources Board.

•

Consider the wider impact that such a regulator could have on emissions accounting
currently carried out and the potential knock-on effect it might have on policy and
investment. We intend to use the manufacturing sector as a worked example given the
implications of embodied emissions for Net Zero.
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•

Make policy recommendations, including the potential powers that such a regulator could
be given to enable it to carry out its required duties effectively. This will include the
potential interactions of a new body or the expansion of powers for an existing body.
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7

MPA Response to NIC Call for Evidence:
Greenhouse Gas Removals
Introduction
The Mineral Products Association (MPA) is the trade association for the aggregates, asphalt,
cement, concrete, dimension stone, lime, mortar and silica sand industries. With the affiliation
of British Precast, the British Association of Reinforcement (BAR), Eurobitume, MPA Northern
Ireland, MPA Scotland and the British Calcium Carbonate Federation, we have a growing
membership of 520 companies and are the sectoral voice for mineral products. Since its
formation in 2009, MPA has grown significantly and represents the vast majority of UK mineral
products operating companies across its 14 product groups. These include most of the
independent SME quarrying companies throughout the UK, as well as the 9 major international
and global companies. We cover 100% of UK cement and lime production, 90% of GB aggregates
production, 95% of asphalt and over 70% of ready-mixed concrete and precast concrete
production. In 2018, the industry supplied £16 billion worth of materials and services to the
Economy and was the largest supplier to the construction industry, which had annual output
valued at £172 billion. Industry production represents the largest materials flow in the UK
economy and is also one of the largest manufacturing sectors.
During use and at the end of life, cement, lime and concrete absorb CO2 from the atmosphere
– a process known as carbonation. Producing zero carbon cement and lime, manufactured with
bioenergy carbon capture use or storage (BECCS), and combining this with designs to accelerate
the natural carbonation of mineral products maximises the potential for cement and lime to
deliver GGR.
Evaluation of GGR Technologies
1. What technological approaches do you consider fall under the two categories of GGR
technologies covered by this study of BECCS (including biogenic waste with CCS) and
DACCS? Are there any others that we should consider?
Technological processes that MPA believe fall under the BECCS category include all those
that capture emissions produced from the combustion of bioenergy.
UK Cement manufacture already sources 18% of its required thermal input from biomass.
This biomass is 100% waste that has already been through a first use, making it one of
the most sustainable sources of biomass available.
UK lime manufacture currently relies on natural gas because a clean burning fuel is
required to ensure lime products meet quality standards for a diverse range of markets
including food production, pharmaceuticals and water treatment. However, there is
potential for lime to be manufactured using raw biogas directly from anaerobic digestors
(although further work is required to confirm this).
Both cement and lime production is highly carbon intensive, partially due to the
combustion of fuels to reach the high temperatures required for manufacturing, but
mainly because the breakdown of the calcium carbonate raw materials emits carbon
dioxide (CO2), known as process emissions. In fact, around 70% of the CO2 emissions are
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the unavoidable process emissions, only 30% are from combustion. The only way to
reduce these process emissions is the deployment of CCS.
There are a wide range of carbon capture technologies that could be applied to cement
and lime manufacture and combined with bioenergy. These include oxyfuel technology,
a wide range of post combustion capture technologies and direct separation
technologies. MPA has compiled a list of projects that are testing, piloting and
demonstrating such technologies1.
DACCS is potentially more complex to define than BECCS. Driving off the CO2 (process
emissions) at high temperatures, that occurs when cement and lime products are made,
is offset by the reabsorption of atmospheric CO2 by the cement and lime products in use
– a natural chemical reaction known as carbonation. Over their lifetime, cement and
lime containing products will therefore remove CO2 from the atmosphere, e.g. concrete
in infrastructure and the built environment, lime used in water/wastewater treatment
or for ground stabilisation. Carbonation is therefore a form of DACCS.
There are a number of ways in which the carbonation of mineral products can be used
to directly remove CO2 from the atmosphere including:
 The weathering of distributed mineral products or the loading of mineral products
into support structures.
 Use of mineral products, by-products and wastes (e.g. demolition wastes) to capture
atmospheric CO2 by mineral weathering in soils
In some of these uses, the carbonated material could be recovered back into cement
and lime manufacturing with BECCS, forming a closed loop that brings circular economy
benefits that still ensures the removed atmospheric CO2 is permanently sequestered.
For example, zero-carbon lime (carbon negative if manufactured using BECCS) is loaded
onto a support structure for weathering, it removes atmospheric CO2, and the resulting
carbonate material from DACCS is then used as a raw material input for cement
manufacture with BECCS. The flow chart below illustrates this process.

1

MPA, Carbon capture usage and storage, 2020, https://thisisukconcrete.co.uk/Resources/UKConcrete-and-Cement-Roadmap-to-Beyond-Net-Zero.aspx

March 2021

Page 2 of 9

Mineral products can also be used indirectly to remove CO2 from the atmosphere. For
example, the addition of lime to water bodies (inland as well as oceanic) can counteract
the acidification caused by air pollution and greenhouse gases thus promoting greater
dissolution of CO2 in the water and greater absorption through improved aquaculture.
This process is still capturing CO2 directly from the atmosphere and should therefore be
considered a form of DACCS.
The technologies that are categorised as DACCS should therefore not be too narrowly
defined. Any technology that permanently removes CO2 directly from the atmosphere
should be included. However, DACCS should not include technologies that only
temporarily remove CO2 from the atmosphere.
For example, wood in construction does not guarantee permanent carbon removals. At
the end of a building’s service life, if the wood – which may have been treated - cannot
be repurposed, it will have to be landfilled, releasing CO2 back into the atmosphere.
Hence, the guarantee of permanent carbon capture must be assured to define a DACCS
technology.

2. What are the constraints (beyond funding) to the potential size of a UK-based GGR
industry? At what point do these constraints come into effect and impact the
development of adequate capacity to meet the net zero ambition? Constraints could
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include requirements for inputs, e.g. sustainable biomass, and infrastructure and
accounting requirements.
There are a number of constraints to the potential size of BECCS in the cement and lime
sectors including:
• Biomass is being incentivised out of the sector to other less efficient consumers. For
example, the impact on cement has been particularly stark when considering the
use of meat and bone meal (MBM) as a fuel. In 2011, before the RHI was introduced,
68kt of MBM was consumed in cement manufacture, making up 4% of the total
thermal input for the sector. In 2018, MBM contributed only 0.6% of the thermal
input for the sector. This is despite meat and bone meal being a carbon neutral fuel
in emissions trading systems.
• Current policy incentives make it more cost effective to use biogas to produce
biomethane for the gas grid or to generate electricity, rather than enabling the
direct use of raw biogas in manufacturing, which would be a far more efficient use.
• Most cement and lime plants are not conveniently located in industrial clusters that
are currently receiving attention for CCS deployment. Until a clear plan on the
infrastructure for CO2 transport from dispersed sites is known, companies will not
invest in the feasibility and FEED studies required for CCS.
In terms of the use of mineral products for DACCS, one constraint to the potential size
is the number of plants in the UK and therefore the capacity to produce mineral products
for DACCS on top of that required by current markets. However, MPA believes that if
there was a strong market for mineral products for DACCS long term, new plants or kiln
lines at existing plants, could be built.
Each DACCS technology described in response to question 1 will have its own particular
constraints to size as well. The amount of lime that can be added to water bodies will
be restricted to ensure there is only environmental gain and no damage. Distributed
weathering and mineral weathering in soils require land areas to spread the minerals.
However, the technology barriers to DACCS using mineral products is relatively low.
Production and distribution systems exist and are highly efficient. Natural carbonation
is a known, and well understood, phenomena. Development barriers, for example,
system optimisation, demonstration of benefits, can be addressed in a reasonably short
timeframe to deliver substantial benefits to the UK decarbonisation targets.
Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the UK?
The barrier that is common to all the different mineral GGR technologies discussed in
this response so far, is the lack of deployed CCS in the cement and lime sectors. CCS is
vital to the decarbonisation of cement and lime manufacture because of the high
proportion of unavoidable process emissions. Around 70% of the total emissions from
cement and lime manufacture arise from the breakdown of the raw materials. In the
CCC 6th Carbon Budget, cement and lime manufacture were identified as a “low-regrets”
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option for CCS. The barrier is that the majority of cement and lime plants are located
outside of the industrial clusters that are currently receiving government focus.
It could take many years and substantial cost to undertake feasibility studies, planning
applications and construct carbon capture plant at mineral sites. Much of this work
cannot start until it is clear how the captured CO2 can be transported off the site for
use or storage. If attention only turns to dispersed sites after clusters have achieved net
zero, then this may be too late to meet the UK 2050 net zero target and maximise the
value of the low-regrets opportunities presented by cement and lime manufacturing.
As well as these concerns around CCS, further development and optimisation of the use
of mineral products is required, as noted in the response to question 2, and MPA
welcomes the BEIS DAC and GGR Programme to progress this work.
MPA is concerned that an additional barrier could be introduced by government if DACCS
is defined too narrowly. Applying as broad a definition of DACCS as possible will ensure
that removals from mineral product-based solutions that permanently remove CO2 are
not ignored or excluded. As discussed in the response to question 2, this offers a way to
maximise the benefits achieved through the cement and lime low-regrets CCS pathway.
Finally, another barrier to the use of mineral products for GGR, is that only greenhouse
gas removals from the Land-Use, Land-Use Change and Forestry (LULUCF) sector are
currently included in the UK Greenhouse Gas Inventory. Other greenhouse gas removals
that are already taking place are not included, e.g. from carbonation of cement,
concrete and lime products in built environment, or in the use of lime products in other
water/wastewater treatment, steel manufacturing, or emissions control. This needs to
change to ensure these existing removals get the attention they deserve and that the
UK Greenhouse Gas Inventory is as accurate as possible.
4. Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when?
If no, what other actions are necessary and by whom?
Generally, MPA believes the barriers discussed in response to question 3 can be
overcome through delivery of new government policy or refinement of current policy
(see response to question 5).
MPA is currently working with BEIS on the design of CCS business models to ensure they
make CCS deployment at dispersed sites attractive, as well as being appropriate for sites
in industrial clusters. It is important that these models consider BECCS in their
development stages to ensure they do not become a barrier to BECCS later on. These
business models need to be finalised and available to businesses as soon as possible so
that investment in BECCS at UK sites can start. They need to be available to dispersed
sites as soon as possible to ensure that the pre-project steps highlighted in question 3
are delivered in a timely manner.
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Government must also ensure that CO2 removals from all sectors are included in GHG
inventories.
5. Are there existing policies that will need to be adjusted to enable the development
and deployment of the different GGR technologies?
The continued use of incentives to shift waste bioenergy away from cement and lime
manufacturers has the potential to cost the sector £1.6 billion between 2021 and 2050
and increase sector emissions by 200 million tonnes. Without access to biomass fuels,
cement manufacturers will likely resort to the use of coal, while other consumers that
are currently being incentivised through schemes such as the Renewable Heat Incentive
or its successor in the Green Gas Support Scheme, often have other low carbon options
such as heat pumps. These policies, and others e.g. Green Gas Levy, which divert
biomass away from mineral products must be either:
• expanded to include the use of bioenergy in mineral product manufacture or
• halted, and ideally reversed as soon as possible to ensure cement and lime
manufacturers have access to bioenergy to enable the deployment of BECCS.
Government should also develop incentives that prioritise the use of biogas directly in
lime kilns. Such incentives should be at least as much as that given to the use of biogas
to generate electricity or for injection in the gas grid. Direct use in lime manufacture
removes the need for cleaning and propanation to form biomethane and the energy
associated with that process, and is therefore a more environmentally beneficial use,
particularly when combined with CO2 removal through BECCS.
Planning policy for minerals sites may also need to be reviewed to ensure any planning
applications related to GGR can be turned around quickly and don’t act as a barrier to
GGR deployment.
6. What principles should guide the design of a funding framework for GGR
infrastructure to ensure fairness in paying for the costs of deploying and operating
this infrastructure and address distributional impacts challenges?
GGR infrastructure can vary widely in cost and complexity. This will make any
framework difficult to design. For example, the use of mineral products in distributed
weathering would require far less investment than deployment of BECCS in cement and
lime manufacture. However, the combination of these technologies offers a powerful
decarbonisation opportunity for the UK.
The following principles may help to guide any funding framework for GGR
infrastructure:
1. Priority should be given to removals from concentrated sources of CO2. For example,
BECCS deployment in cement and lime manufacture will capture concentrated CO2
from the combustion of biomass and therefore will capture higher proportions of CO2
compared to a technology that is removing CO2 from the air alone.
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2. Funding should only be given to GGRs that permanently remove and sequester CO2.
Technologies that only temporarily store CO2, whatever the timeframe of that
temporary storage, should not be included.
3. Technologies that have a UK supply chain, to reduce emissions associated with
imports, and that avoid off-shoring the UK environmental footprint, and limit
geopolitical decarbonisation risks.
4. Technologies that have beneficial effects on the environment, as well as CO2
removal.
7. What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
To accelerate the initial deployment of GGR technologies, particularly those that are
more costly e.g. BECCS, it is likely that direct government support will be required in
the form of grants. Government should also consider reviewing planning policies and
legislation to ensure planning applications for GGR can be turned around quickly to
prevent this acting as a barrier to deployment.
Ensuring the inclusion of all removals in greenhouse gas inventories is another
mechanism that will enable removals to get more attention.
Specifications that promote inland water bodies to be optimised for CO2 removal, whilst
maintaining environmental quality standards, could accelerate water body liming. This
could have additional benefits for those water bodies by increasing their ability to
sustain more, and potentially more varied, aquaculture.
Another approach might be related to improving regulatory guidance on the processing
and storage of construction and demolition waste. There is significant carbonation
potential in much of this waste, which may not currently be optimised through current
processing practices e.g. waste from demolished concrete infrastructure at the end-oflife. This waste could be put to use as a GGR but this will likely require regulations to
be put in place to ensure best practice.
Whatever policy mechanisms are chosen. their impact on carbon leakage protection
must be taken into consideration. This may not apply to all GGR technologies, but it is
particularly important for those using mineral products, especially cement and lime,
which are vulnerable to carbon leakage – that is, replacement of UK manufacturing by
imports that are subject to lower carbon costs. In this regard, consideration needs to be
given to how negative emission technologies interact with existing policies e.g. UK ETS,
particularly in the early stages of GGR deployment. Current leakage protection is
provided through free allocation under a UK ETS, the level of which is determined by
taking the historic activity level for an installation and multiplying by a benchmark. If a
single cement plant is conveniently located near a cluster and deploys BECCS, when
benchmarks are revised, this could significantly lower the benchmark for the sector.
Other plants, located further away from clusters and therefore initially unable to deploy
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BECCS because of a lack of CO2 transport infrastructure, will have lower free allocation
but the same level of emissions (that cannot be reduced without CCS). These plants
could be rendered uncompetitive unless there is a way to ensure they can retain free
allocation, or some other leakage protection is in place.
Consideration will also need to be given to how any GGR policy interacts with the
proposed CCS business models.

8. Is there evidence of lessons from other sectors or countries that can inform the
development of the policy framework for GGR technologies in the UK?
IVL, the Swedish Environmental Research Institute, have recently outlined a
methodology to calculate greenhouse gas removals due to carbonation of concrete and
cement containing products for inclusion in National Greenhouse Gas Inventory
Reporting. This methodology was used for the first time by Sweden, in their 2020
National Inventory Report2, but has not yet been implemented in the UK National
Greenhouse Gas Inventory Report. The University of Milan has undertaken a review of
the carbonation of lime products in use across its wide range of market sectors – this
work is due to be published during 2021.
Development and deployment
9. Considering the current level of development of relevant technologies, from an
engineering and planning perspective, how long would it take to get these
technologies to the stage of being able to be deployed? And to the stage for
construction of plants?
Deployment of BECCS in cement and lime manufacture is a long-term prospect requiring
many years’ planning and construction. There is yet to be a commercial scale
demonstration of CCS in cement or lime manufacture in Europe, so there are some
developmental stages of the technology that need to be completed before commercial
deployment is possible. If the UK provided support that was attractive to cement and
lime companies, the UK could be the first to deploy a commercial plant in cement or
lime and become a world leader in cement and lime BECCS. Development aside,
feasibility and planning processes can take a number of years before construction
begins. Then deployment will depend on when the majority of cement and lime plants
will have access to transport and storage infrastructure.
Deployment of mineral products for DACCS is likely to be much quicker than deployment
of BECCS because some options do not require access to transport and storage
infrastructure and can utilise products that are already available in the UK. This could

2
Swedish Environmental Protection Agency, ‘National Inventory Report Sweden 2020 Greenhouse Gas
Emission Inventories 1990-2018 Submitted under the United Nations Framework Convention on Climate
Change and the Kyoto Protocol’, Apr. 2020. Accessed: Feb. 16, 2021. [Online]. Available:
https://unfccc.int/documents/224123.
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be done today if the incentives were in place although investigation into optimised
systems would maximise the benefits of the technology.
10. Are there parts of the end-to-end GGR delivery chain that only government can
provide, or will adequately designed market mechanisms be enough to unlock the
delivery chain?
Government will need to provide, or at least ensure, CO2 transport and storage
infrastructure. This cross-sector, cross-chain issue is not something that a single site or
sector can take on, and therefore needs government input to be realised.
11. What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?
The UK has access to considerable amount of CO2 storage, and must capitalise on that.
It is possible that GGR in the UK could grow to help offset emissions in other countries,
and not just those of the UK.
By providing support to advance and develop a wide range of GGR technologies, the UK
could also become an exporter of these technologies which will increase UK GVA and
jobs.
As noted in question 7, deploying mineral product GGR technologies has the potential
to prevent UK industry becoming uncompetitive and so for manufacturing to be replaced
by imports that face lower carbon costs.
12. What do you consider to be the regional impacts of deploying GGR technologies at
scale? This should cover both positive and negative impacts.
GGR that require access to CO2 transport infrastructure may likely be limited to
industrial clusters initially. This might negatively impact sites located further away at
more dispersed locations.
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Introduction
The National Physical Laboratory (NPL) (www.npl.co.uk) is a world-leading National Measurement
Institute and is responsible for measurement strategy and its delivery in the UK. NPL is owned and
funded (in part) by BEIS. NPL maintain the UK’s primary standards of measurement, while
simultaneously delivering innovations. We work in partnership with government, academia, applied
research labs and industry to deliver the greatest benefit for the UK and the world.
We offer independent advice and support to UK industry and Government on emissions
measurement and help drive the adoption of new methodologies through the development of
national and international standards. NPL good practice guides are a practical and informative series
of documents about what to measure, how to measure it and how to understand the results.
Our unique combination of experts and equipment makes us one of the premier environmental
measurement institutions in the world. The airborne emissions and ambient air sampling and
analysis services are accredited to ISO 17025 and are underpinned by the latest research. All
measurements are traceable to UK and international standards.
We offer advice and measurements for Greenhouse Gas Reporting and represent the UK on GHG
measurement initiatives, for example the OGMP 2.0. We supported BEIS in GHG measurement
challenges.
Below we set out an executive summary followed by NPL’s responses to the questions that we
consider most relevant to our area of expertise in measurement science.
This response is aligned with our response to BEIS Greenhouse Gas Removals Call for Evidence
submitted.

2

Executive Summary
To deliver the UK’s target of net zero emissions by 2050, in addition to the primary focus of emission
reduction, GGR will be required to offset residual emissions in sectors that are difficult to
decarbonise completely. Many emissions pathways to net-zero are dependent on GGR. In order for
GGR to become a realistic proposition, government incentivisation will be required. Accurate,
traceable and transparent monitoring, reporting and verifying (MRV) of negative emissions is critical
for robust assessment of the performance of GGR technologies. This will be best achieved through a
measurement based MRV approach and establishing a government Standard and Best Practice for
MRV of GGR.
Addressing the challenges of monitoring the efficacy of wide range of different GGR technologies, a
measurement-based approach to MRV for GGR is fundamental. The MRV should be implemented
through the lifetime of the GGR development, from initial design and prototyping through to scale
up and full deployment. This will ensure that MRV is embedded in the technologies from inception
and allow a reliable, fair and comparable assessment of different approaches.
At the same time, while adapting to different GGR technologies, a new Standard and Best Practice
for MRV of GGR should be established with the following principles:
• The measurement methodology and output must be traceable to UK and international
measurement standards.
• Measurement and data quality assurance and quality control (QA/QC) framework are essential.
• Be based on direct measurement where possible. Be developed in parallel with the GGR
technologies to ensure MRV is fit for purpose. Cover laboratory testing as well as real world
validation.
• Use common methodologies with National Emission Inventory (NAEI) and UK Emission Trading
Scheme (ETS) where possible.
• Include all reported GHGs: CO2, CH4, N2O and fluorinated gases.
• Be implemented through BAT, if possible.
In terms of development and evidence of a robust MRV system, there are approaches being
developed or deployed in monitoring emissions of GHGs from other industries and processes. NPL
can support the transfer of the best practice and develop MRV designed for GGR technologies.
Finally, apart from the technical and organisational barriers, direct funding support to improving and
standardising MRV has been limited. MRV is crucial and fundamental to incentivise innovation,
development and scale up as well as to enable fair, practicable and effective policy. Dedicated
scientific work is required to establish a Standard and Best Practice and to continue to improve MRV.
NPL has science expertise, capability and experience to lead or to be a consortium partner to
support the development of a new standard and best practice for MRV of GGR. Being able to
accurately measure, report and verify negative emission is critical for the success of GGR
development and deployment.
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NPL’s responses to the questions that we consider most relevant to our areas of expertise
Evaluation of GGR Technologies
2. What are the constraints (beyond funding) to the potential size of a UK-based GGR industry? At
what point do these constraints come into effect and impact the development of adequate
capacity to meet the net zero ambition? Constraints could include requirements for inputs, e.g.
sustainable biomass, and infrastructure and accounting requirements.
Accounting requirement is one of the major constraints. Accurately measuring, reporting and
verifying (MRV) negative emission is critical for GGR development and deployment.
Different GGR technologies will require different MRV approaches and represent different
challenges. For all technologies there are key areas that MRV should address: initial capture/removal
efficiency, containment of captured GHG in the system (control and monitoring of leaks, fugitive or
diffuse emissions), and long-term stability/permanence of stored GHG). For certain GGR
technologies utilising bio fuel inputs there is also the need to ensure no leakage of the pre-capture
GHG. For technologies utilising Post Combustion Capture (PCC), e.g. BECCS, the direct measurement
of residual CO2 emissions in the flue gas can be used to monitor capture efficiency. These
technologies represent a similar challenge to CCUS from fossil fuel combustion and the tools being
developed to support CCUS will be applicable.
Monitoring should address the three key areas – capture efficiency, containment of captured CO2 in
the transport and storage system, and long-term containment of CO2 in the storage system.
NPL have led the development of EN standards for direct CO2 measurement (reference method) and
flow monitoring. We propose the development of British Standards to support the continuous
reporting of mass emission data, suitable for determining credits that would be acceptable for
emissions trading.
NPL are also supporting the development of methods for the detection and quantification of leaks of
CO2 from CO2 processing, transport and storage through international research programmes such as
the EMPIR DECARB project.
For BECCS there is also the need to ensure no loss of bio-methane during the process, either through
leaks prior to combustion or methane slip during combustion. NPL have developed a number of
technologies which are potentially able to monitor and quantify methane fugitive and diffuse
emissions and standard methods based on these could be developed. Similar activities are also
underway to support the deployment and monitoring of AD facilities and to support the oil and gas
industry in its ambition to reduce methane emissions (for example through OGMP 2.0, the CCAS
methane studies programme and other activities).
For novel combustion approaches such as biochar there may be a need to monitor direct emission of
CO2, methane and other GHGs during the combustion stages, and the subsequent stability of the
captured carbon, over the lifetime of the biochar. This latter factor is likely to be determined by a
validation study, rather than a continuous monitoring requirement. While not a direct requirement
of MRV there is also a need to understand potential emissions of other pollutants, for example
particulate material. This aspect of unintended consequences on other systems, such as air quality
emissions and eco-system impacts, should be carefully considered.
GGR technologies which involve direct capture of GHGs from the atmosphere are the hardest to
validate and monitor. A combination of performance assessment at different stages of development
to develop capture efficiency models, real world validation studies to understand performance
4

related to environmental and installation factors, and continuous monitoring to validate total GGH
capture during reporting periods may be required. The extent to which performance can be
modelled from process or ancillary factors will need to be understood, in order to develop an
ongoing MRV approach. However, at some stage the performance of direct capture technologies
will need to be determined. In some cases, the captured GHG can be quantified, in others, where
for example there is a catalytic breakdown of the GHG then there is a need to directly measure the
concentration change in the atmospheric concentration of the GHG. For technologies in which the
captured air is ducted then pre/post capture measurement is possible at the required level of
sensitivity using existing technologies. For free space mounted GGR then it may be possible to adapt
technologies currently being used or being developed to quantify GHG emissions. The use of ‘topdown’ emission inventory tools, such as that offered by BEIS’s DECC network, could be used to
assess the national impact of such removal technologies. Future developments within such networks
offer the potential for more localised and sectoral assessments.

Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the UK?
Accounting barriers is one of the major barriers to deploying GGR technologies at scale. The
development of scalable, cost effective MRV approaches that can provide equivalent levels of data
quality for all candidate GGR technologies is a key challenge for a number of reasons:
• Technical
The main technical challenge to the development of a robust MRV system to ensure the efficacy of
GGR processes is the wide range of different technologies that may be developed and deployed.
There is no single generic approach to MRV. In addition, due to the novel approaches being
proposed direct measurement-based verification will be required for many of the approaches. Even
in the cases where surrogate parameters can be monitored to assess performance, direct
measurements will be required to develop the correlation factors. Different technologies represent
differing levels of technical challenge to MRV – and it is important that the MRV approaches provide
similar levels of uncertainty in monitoring data.
It is also important that the assessment of different GGR approaches includes the challenges and
costs of providing appropriate levels of MRV. This involves a trade-off between not imposing
unrealistic costs on specific GGR approaches versus ensuring that there is sufficient evidence of the
efficacy of every GGR technique. This will require the consideration of MRV issues throughout the
lifetime of the GGR development, from initial design and prototyping through to scale up and full
deployment. This will ensure that MRV is embedded in the technologies from inception and allow a
fair and comparable assessment of different approaches.
• Organisational
Experts working on different GHGs and in different institutions across UK, a coordinated approach
and leadership is required to bring GHG MRV experts together to form a consortium to work
together in improving MRV and developing a common Standard and Best Practice.
• Financial
Dedicated financial support to improving MRV is required. There have been multiple funding and
schemes for developing different types of GGR technologies. However, direct and specific funding to
improving MRV has been limited. MRV is crucial and fundamental to enable fair and transparent
policy mechanisms to incentivise innovation, development and scale up of GGR. Dedicated scientific
work is required to develop and establish an adequate standard for MRV of GGR.
5

4. Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when? If no, what
other actions are necessary and by whom?
To overcome the Accounting barrier, we strongly recommend government to establishing a new
Standard and Best Practice for MRV of negative emissions from GGR operations with the following
principles:
• The measurement methodology and output must be traceable to UK and international
measurement standards so that the data can be aggregated and compared across different
technologies, scales, locations and over time.
• Measurement and data quality assurance and quality control (QA/QC) framework are essential.
There needs to be understanding of the accuracy and uncertainties of the MRV.
• Be based on direct measurement where possible. Be developed in parallel with the GGR
technologies to ensure MRV is fit for purpose. Comprise laboratory testing as well as real world
validation.
• Use common methodologies with National Emission Inventory (NAEI) and UK Emission Trading
Scheme (ETS) where possible, so that the performance of the new GGR technologies can be
integrated in NAEI and linked to incentive schemes like ETS.
• Include all reported GHGs: CO2, CH4, N2O and fluorinated gases so it presents the complete
scope for performance assessment.
• Be implemented through BAT, if possible.
NPL, being the UK’s National Measurement Institute, have the science capability and expertise to
lead or to be a consortium partner to support the effort in establishing this new Standard and Best
Practice.

6. What principles should guide the design of a funding framework for GGR infrastructure to
ensure fairness in paying for the costs of deploying and operating this infrastructure and address
distributional impacts challenges?
A robust MRV need to be included in the funding framework, as it is the evidence-based foundation
for a fair, practicable and effective policy.
Firstly, new GGR technologies are emerging technologies at different stages of TRL, it is essential to
be able to measure and assess the quantity and effectiveness of GGR from different technologies in
different settings. This will provide feedback and direction for further investigation, development
and scale up. It would allow resources and funding focusing on the pathways and solutions that
most likely to succeed.
Secondly, understanding the uncertainties of the measurements, enabling comparison of the
performance of different technologies in different locations and over time are critical. So that once
the GGR technologies are in operation, their impact and contribution towards achieving net zero can
be appraised.
Thirdly, accurate, traceable and transparent MRV for GGR is necessitated for fair transactions,
investor confidence and robust policy instruments. It provides foundation for government inventive
policy, whether integrating GGR either into an emissions trading or a carbon emissions tax scheme.

6

Development and deployment
10. Are there parts of the end-to-end GGR delivery chain that only government can provide, or will
adequately designed market mechanisms be enough to unlock the delivery chain?
Only the government can provide a common Standard and Best Practice for MRV of negative
emissions from GGR. This will become the robust foundation for any market mechanisms or
emission tax schemes.
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Questions
Evaluation of GGR Technologies:
2. What are the constraints (beyond funding) to the potential size of a UK-based GGR industry? At what
point do these constraints come into effect and impact the development of adequate capacity to meet the
net zero ambition? Constraints could include requirements for inputs, e.g. sustainable biomass, and
infrastructure and accounting requirements.
There are numerous constraints around the potential size of a UK-based GGR industry if it is based around the
development of bioenergy with carbon capture and storage (BECCS).
The most fundamental point is that even with CCS, biomass will in most cases be a carbon source rather
than a carbon sink. While CCS can in theory capture and store smokestack emissions, it can never mitigate
emissions from foregone sequestrationi or process/transport emissions, which are, in effect, long-term and
‘uncapturable’ in a BECCS scenario. Specifically, even assuming near complete capture of stack emissions
onsite at the power plant, carbon capture cannot eliminate the post-harvest degraded sequestration on
the landscape or process/transport emission, all of which occur offsite. Thus, adding CCS to these plants
does not result in negative emissions.
Based on the UK’s decade-long experiment with large scale biomass-burning in the power sector, we know that:
1.

A great deal of the biomass that is claimed to be “wastes and residues” is not. For example, most wood
pellets imported from forests of the U.S. Southeast (the top pellet supply region for the UK), are made from
harvested whole trees. Per Drax’s 2019 Annual Report to Investors, 65% of the company’s wood pellets
were imported from the forests of the U.S. Southeast, and 55% of those imports came from two categories
of biomass feedstock: “thinnings” and “low-grade roundwood.” Globally, these categories represent 46% of
the more than 7 million tonnes of pellets Drax imported in 2019.ii These terms are industry jargon for whole
trees.

2.

The research on the net climate impacts of burning trees in power stations is well established.iii Harvesting
and burning these biomass feedstocks in the power sector has a negative impact on the climate, with
consequences that can persist for multiple decades or even centuries—far outside Paris Agreement
timeframes.iv This holds true even under the industry’s definition of “sustainable” biomass sourcing of
thinnings from managed forests.v

3.

Critically, this also holds true with or without CCS. BECCS relies on the premise that because forests and
other plants absorb carbon as they grow, bioenergy is “carbon neutral.” Proponents argue that when
biomass is burned to fuel a power station, capturing and sequestering the smokestack CO2 emissions would
thus make the process “carbon negative.” However, the evolving research on carbon accounting suggests
that policymakers are overlooking key technical factors in determining the net carbon impacts of biomass
harvest for energy production under BECCS.
Most notable of these is foregone sequestration, a dynamic which occurs on the landscape where replacing
older trees with saplings after biomass harvest reduces the amount of carbon stored in the regrowing forest,
even under the best-case scenario in which trees are replanted and regrow immediately. Foregone
sequestration represents a separate and significant source of emissions to the atmosphere.vi Yet this key
aspect of carbon accounting is currently neglected in the UK and elsewhere. But if it were included, the
latest research strongly suggests that forest bioenergy, even with CCS, will in most cases be a carbon source
rather than a carbon sink.vii

4.

Emissions from industrial-scale biomass burning in the power sector are thus dramatically undercounted
and no mechanism currently—at the national or international level—is accurately picking this up.

5.

As a result, much of the credit that has been taken for decarbonising the UK power sector is simply not real.
This is troubling on its face, but even more so because to the extent that the UK overshoots its power sector
targets (where genuinely non-emitting alternatives are abundantly available at a fraction of the cost of
burning wood for electricity), it will mean having to go farther and faster to decarbonise other, harder-toabate sectors of the economy (e.g. transport, heavy industry), increasing the overall costs of achieving
climate targets.

Nevertheless, many forward-looking climate plans appear to be ignoring the lessons above instead of learning
from them. Too many scenarios, including from the Committee on Climate Change (“CCC”) and National Grid,
rely on industrial scale BECCS deployment to achieve net-zero emissions by mid-century. Thus, much of the
future abatement from bioenergy that climate plans being developed today rely on will simply not materialise.
As the authors of a 2020 Chatham House research paper warned, “The danger at the moment is that
policymakers are ‘sleepwalking towards BECCS’ simply because most models incorporate it.”viii Rather than
prioritising additional subsidies to run BECCS at Drax, a high priority from a climate perspective would be to
replace Drax and other industrial scale bioenergy with low-carbon renewables.
Large scale biomass-burning at Drax and elsewhere also sacrifices genuine opportunities to remove atmospheric
CO2 because it requires harvesting trees, whereas maximal CO2 removal is achieved by letting forests grow.ix
Protecting and restoring natural carbon sinks, including forests, peatlands, grasslands, and wetlands are the most
effective and proven ways of sequestering carbon and are thus critical. In addition to pulling CO2 out of the air
and storing it in organic materials, these approaches can secure food supplies, improve the resilience of
ecosystems and communities, and enhance biodiversity.x
Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the UK?
4. Can these barriers be overcome in time through delivery of new government policy mechanisms? If
yes, what policy do you consider could be applied, why and by when? If no, what other actions are
necessary and by whom?
As a greenhouse gas removal technology, BECCS, by definition, must be scalable. It is therefore critical to
understand what feedstock scenarios, in the context of a BECCS system, can and cannot deliver negative
emissions.
UK biomass supply chains, at scale, are dominated by a) woody biomass, which we define as biomass taken
directly from forests; and b) imports from overseas forests. A truly de minimus share of biomass burned for
industrial scale electricity production in the UK comes from domestic sources.xi Drax alone burns more
imported wood a year than the UK produces for all uses.xii
There has been much discussion of a transition to domestic biomass production in the UK as a replacement for
imports—for example, agricultural residues and energy crops. However, at this time, these domestic supply
chains remain only theoretical; indeed, there is little to no evidence that such a transition away from imported
biomass is underway.
On the contrary, existing supply chains, dominated by imports, are expanding, locking in biomass imports into
the UK energy market. In February 2021, Drax announced that it would purchase Pinnacle Renewable Energy, a
Canadian wood pellet manufacturer with operations throughout western Canada and the state of Alabama in the
United States. Per reporting, the acquisition will more than double Drax’s pellet production capacity and make
Drax itself the third largest pellet manufacturer in the world. With the addition of Pinnacle’s 11 sites, Drax will
own 17 pellet plants and development projects. This will give Drax the capacity to produce 4.9 million tonnes of
wood pellets annually from 2022, with access to four deep water port facilities and three major wood fibre
baskets. Far from investing in domestic biomass supplies, the acquisition accelerates Drax’s well-documented
and reported-on objective to increase its available self-supply of biomass to 5 million tonnes per year.xiii
At the same time, scalability in terms of domestic biomass production poses an enormous challenge, since
supplying many of the feedstocks assumed to be replacement options would come with a host of risks. As
described by Ember in its October 2020 report, all net-zero scenarios modelled in the National Grid ESO’s
Future Energy Scenarios (FES) 2020 require conversion of up to 1Mha of UK land—around 7% of total

agricultural land—to energy crop production. The highest-ambition scenario requires an additional global
conversion of 200Mha— an area the size of Greenland.xiv
The CCC also states that meeting biomass demand for BECCS with domestic sources would require converting
UK cropland to grow energy crops.xv Reducing the land available for food production risks either greater
intensification of agriculture or a reduction in agricultural output. If biomass production has to rely on
agricultural intensification in combination with monoculture biomass plantations, it risks damaging biodiversity
if forests are converted to plantations heavily reliant on agrochemicals.
Further, producing bioenergy crops at the scale required to meet BECCS demand may not be the best use of
land to generate negative emissions. Once the carbon costs of pesticide use, fertiliser use, harvesting and
transportation are factored in, any climate mitigation that is realised may be lower than if the same land was
used for another carbon-absorbing activity, such as native tree-planting. Per Ember, “although it is technically
possible to achieve these various supply scenarios, given the enormous scale of land they require for energy
crop production, they are littered with very significant implications around food competition, water
consumption, pesticide use, and biodiversity impacts.”xvi
Moreover, biomass-burning power stations like Drax are not set up to support these alternative feedstocks.
Widespread use of energy crops would require equipment changes, such as new boiler systems at power plants.
Most UK biomass power plants were built to process wood pellets—which have broadly standardised
specifications—and can only burn small percentages of agricultural residues owing to their often abrasive effect
on machinery when combusted.xvii
Finally, across the scenarios modelled by the CCC in its Sixth Carbon Budget, even in the mid-century time
frame, imports still comprise a significant share of UK biomass. The Balanced Pathway (the main modelled
pathway) has 21% from imports, and at the highest end imports make up 42% of the biomass used for energy in
the CCC’s modelling.xviii
For these reasons, it is critical for the UK government to improve its understanding of the climate impacts of the
UK’s existing biomass energy programme, which is dominated by imports of forest biomass, and depends in
particular on wood pellets from the southern United States. Specifically, before putting in place expensive
additional subsidies for more large-scale biomass-burning in the power sector, the UK government must account
for all relevant technical factors in determining the net carbon impacts of biomass harvest for energy under
BECCS.
As noted above, even with CCS, forest biomass will likely be a significant carbon source rather than a carbon
sink for many decades. Thus, adding CCS to forest biomass power plants in the UK does not result in negative
emissions within the timeframe needed to address the impacts of climate change.
Development and deployment
11. What comparative advantage might the UK have in developing and deploying GGR technologies or in
any future global market for negative emissions?
For the many evidenced reasons above, we do not believe that the UK’s best interests would be served in
developing BECCS at scale and that no genuine market for negative emissions could be developed effectively
with the use of BECCS.
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Progressive Energy Limited (‘PEL’) is pleased to provide a response to the National
Infrastructure Commission’s (NIC) call for evidence on Greenhouse Gas Removal (GGR)
Technologies.
Progressive Energy is primarily a project development and implementation company, and has
extensive experience of overcoming the technical and commercial challenges associated with
bringing new technologies to market. We have significant experience of developing CCS
projects, and are currently engaged in the development and operation of major hydrogenrelated projects to decarbonise the gas networks. This includes the HyNet North West project
(https://hynet.co.uk/), which has received major investment from Government and the
private sector and is planned to begin operation in 2025.
We also have particular expertise with regard to advanced technologies such as gasification,
as well as conventional biomass heat and power. This has led us to support the development
of a new bio-substitute natural gas (bioSNG) demonstration plant in Swindon and to develop
a commercial scale bioSNG plant at Ince, Cheshire, for which we have gained planning
consent. PEL is a founding member and on the industrial advisory board for the EPSRC
Supergen Bioenergy Hub.
PEL’s response to this consultation is focussed on greenhouse gas removal (GGR) technologies
enabled by Bioenergy with Carbon Capture and Storage (BECCS) - and to a lesser extent, on
Direct Air Carbon Capture and Storage (DACCS). In general terms, we strongly support other
forms of GGR, such as afforestation, habitat restoration and soil carbon sequestration, but
not feel sufficiently expert in such areas to add significant value to this consultation.
PEL welcomes this call for evidence from the NIC as the UK moves into a critical decade for
the deployment of technologies which can enable the UK to reach Net Zero. In order to deliver
BECCS at scale by 2050 there are four key actions required by Government in the early 2020s:
1. Ensure CCUS clusters can deploy in the 2020s:
a. These will provide BECCS projects access to critical CO2 transport and storage
(T&S) infrastructure without which any such projects would not function as
GGR technologies.
2. Introduce an ambitious GGR policy as soon as possible to ensure that meaningful
deployment can occur at scale from 2025:
a. Analysis in the Committee on Climate Change’s (CCC) 2020 ‘6th Carbon Budget’
Report (under the ‘Balanced’ Scenario) suggests that by 2050 the engineered
GGR sector will be required to permanently remove over 58Mt of CO2 per year.
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It is therefore critical that Government GGR policy is as ambitious as possible
in the 2020s to ensure an industry can scale-up rapidly in the 2030s.
3. Accelerate the business models for BECCS:
a. Many CCUS cluster projects are now moving into FEED and require ongoing
investment from both the public and private sectors. Good progress has been
made on other aspects of CCUS business models. To enable deployment of
GGR projects to form part of these initial clusters, it is critical that associated
business models are accelerated in line with these other models.
4. Given the significant role envisaged for GGRs by the CCC in 2050 and the domestic and
global scarcity of biomass feedstocks, Government should offer the highest incentives
to the forms of BECCS which are the most efficient in terms of conversion of such
feedstocks to energy output. This approach would:
a. Direct feedstocks to the technologies, such as bio-hydrogen (and biosubstitute natural gas - BioSNG) production, which have the greatest potential
for GGR;
b. Provide best value for money in respect of a ‘cost per tonne of CO2 removed’
metric; and
c. Provide most flexibility in respect of sectoral decarbonisation, as hydrogen
(and bioSNG) can be used as a fuel for power, heating of buildings, industry
and transport.
The UK has an opportunity to be an international leader in GGRs. In addition to accelerating
the deployment of GGRs, the implementation of a robust GGR framework and supportive
policy would be a world first and so would:
•
•

Set a high standard for other nations to follow during a year when the UK hosts
the 26th United Nations Climate Change Conference, which will enable shared
learning and so accelerate GGR deployment globally; and
Put the UK ahead of ‘competing’ nations in respect of technology development
and so provide an opportunity to export new skills, technologies and services
relating to GGRs.

Evaluation of GGR Technologies
1. What technological approaches do you consider fall under the two categories of
GGR technologies covered by this study of BECCS (including biogenic waste with
CCS) and DACCS? Are there any others that we should consider?
There are many different ‘subcategories’ of BECCS which all have different characteristics,
including different production methods, TRL, applications and pathways to reach commercial
scale deployment. The most important of these can be summarised as follows:
•

CO2 capture on biohydrogen production (from gasification of biomass);
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•
•
•
•

CO2 capture on bioSNG production (from gasification of biomass);
CO2 capture on bio-liquid hydrocarbon fuel production (from gasification of biomass);
CO2 capture on anaerobic digestion (with onsite generation of electricity and/or heat);
CO2 capture on bioenergy fuelled industrial combustion (e.g. biogas use in glassmaking)

For many sectors CCS is one of very few cost-effective decarbonisation solutions, and by using
BECCS, not only are these sectors decarbonised, the GGR BECCS enables also allows other
hard-to-abate sectors/emitters the option to indirectly reach Net Zero.
A critical point to make is that only two energy vectors are carbon-free at the point of use –
electricity and hydrogen. Other vectors, such as biomethane, bioSNG and some bioliquids
(such as bio-derived alcohols, Fischer Tropsch liquids and rapeseed methyl ester or
‘biodiesel’) have a key role to play, but cannot deliver the level of CO2 savings associated with
electricity or hydrogen production with BECCS.
The CCC 6th Carbon Budget analysis shows how the scale and mixture of BECCS technologies
may change over time. This includes the growth of bio-hydrogen production, which under the
CCC’s Balanced Scenario delivers 5Mtpa of GGR in 2035, rising to 14Mtpa by 2050. This can
be compared with electricity (and heat) generating technologies (BECCS Power and EfW),
which are shown to deliver a combined 26Mtpa of GGR in 2050.
An assumption by the CCC that electricity generation from solid biomass has the greatest
potential for GGR (with post-combustion capture of CO2) is not uncommon given it is currently
the technology which has been deployed most widely in the UK and beyond. The largest scale
power generation through biomass combustion can achieve around 40%, but smaller scale
and EfW facilities can be more like 20-30%. Importantly, there is a significant energy penalty
associated with the subsequent post-combustion CO2 capture from dilute flue gas streams.
Large volumes of solvents are required to achieve capture from such streams with substantial
energy required for regeneration of these solvents. This results in substantial reductions in
overall efficiency. For example, this could reduce an unabated efficiency of 40% for an
efficient plant to below 30% with capture. For smaller scale plants and lower baseline
efficiencies outturn efficiencies with capture will be even lower.
In contrast, with bio-hydrogen production, the CO2 is produced intrinsically by the process;
there is no need to capture it from flue gases; it arises as a by-product of the process at a
quality suitable for BECCS. This has a process efficiency of around 80%, and the hydrogen fuel
can then be used at very high efficiencies in heating, power and transport applications, giving
overall process and generation efficiencies in excess of 70%.
2. What are the constraints (beyond funding) to the potential size of a UK-based GGR
industry? At what point do these constraints come into effect and impact the
development of adequate capacity to meet the net zero ambition? Constraints
could include requirements for inputs, e.g. sustainable biomass, and infrastructure
and accounting requirements.
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Given the significant role envisaged for GGRs by the CCC in 2050 and the domestic and global
scarcity of biomass feedstocks, Government should offer the highest incentives to the forms
of BECCS which are the most efficient in terms of conversion of such feedstocks to energy
output. This approach would:
1. Direct scarce biomass resources to the technologies with greatest potential for GGR;
2. Provide best value for money in respect of a ‘cost per tonne of CO2 removed’ metric;
and
3. Provide most flexibility in respect of sectoral decarbonisation, as hydrogen can be
used as a fuel for power, domestic heating, industry and transport.
With respect to biohydrogen or bioSNG production, technical challenges relate primarily to
providing high quality syngas with low tar that can then be upgraded using conventional
chemical processing. Government should therefore provide targeted support for
demonstrations of gasification systems which deliver high quality syngas. Whilst the Swindon
BioSNG project is a useful example, if the UK is to adopt this more widely, other projects are
necessary to establish a wider technology base.
It is also important to consider the question of waste management practises in the context of
GHG impacts as the UK’s municipal and commercial/industrial waste streams represent a
significant inventory of biomass, and therefore a major opportunity for beneficial
developments in the context of BECCS and GGR.
At face value, EfW (or ‘incineration’) plants in the UK would require retro-fitting of post
combustion capture from the flue gas streams, since they will begin to represent conspicuous
sources of CO2 emissions as the rest of the economy continues to decarbonise. As such they
have the potential to make a significant contribution towards BECCS. It is worth noting that
the parasitic energy demand of post-combustion capture coupled with the extremely high
carbon intensity (CO2/kWh) of EfW will lead to a situation where the ‘parasitic’ energy
demand for CO2 capture retro-fitted to an existing EfW facility could consume the greater part
of the electrical output.
The UK’s departure from the EU potentially creates an opportunity to foster waste
management practises that are more subtle than EfW and with improved GHG outcomes
resulting. This could either be in the form of long-term terrestrial storage of ‘stabilised’
biowaste, or else the production of bioSNG or bio-hydrogen, which can be produced and used
to generate energy at far greater efficiencies than EfW. 1 With bio-hydrogen, there is no ‘cost’

1

Landfill of bio-stabilised organic wastes is a scientifically credible and low cost means by which to sequester
bio-carbon for an indefinite time period. This was the established practice in the Netherlands before the EU
Landfill Directive took effect. It is similar in outcomes to storing biochar as a form of GGR. However, this
approach does not provide for the potential net energy benefit of biohydrogen production.
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of carbon capture as CO2 is a by-product of the production process that comes at no additional
cost.

Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the UK?
The main barriers for deployment and development of BECCS are largely financial and
infrastructure related and not technological. To overcome these barriers, the following are
needed:
•
•

•

•

The deployment of and access to CO2 T&S infrastructure is a critical enabler;
The development of an investable business model for BECCS is also critical. This has
two key elements:
o A business model which enables capture of CO2. For example, CfDs for both
Power BECCS and biohydrogen production.
o An integrated business model, which provides an additional revenue stream
for CO2 removal.
Bankable support mechanisms for deployment of commercial scale biohydrogen and
bioSNG production facilities (in the short term, without CCS) to provide investor
confidence in further deployment of plant with CCS;
Clear communication of Government objectives, with the goal of securing public
support, to direct scarce biomass resources to BECCS rather than unabated use of the
same feedstock.

In specific respect of DACCS:
•

•

•

The low partial pressures of CO2 in the atmosphere mean that the process intensity
of DAC techniques is likely to be very low – leading to either excess energy
consumption, physically large facilities and /or protracted timescales for meaningful
impact;
The ‘cost per tonne of CO2 abated’ of DACCS is therefore likely to be significantly
greater than CO2 capture from BECCS or other processes like hydrogen production
via autothermal reformation of methane gas, or direct capture of CO2 from industry;
The most efficient and evolved means of DAC is via photosynthesis and growth of
biomass. Carbon storage mechanisms thereafter could be via:
o Long term incorporation of biomass into buildings;
o Bi-product of bio-hydrogen production and BECCS; and
o Terrestrial storage of stabilised waste biomass.
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4. Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by
when? If no, what other actions are necessary and by whom?
Yes, we think these barriers can be overcome. To do this, we consider that both ‘Innovation
and ‘Deployment’ policy mechanisms need to be deployed, which are described as follows:
a) Innovation policy mechanisms:
Innovation funding is very helpful for emerging technologies and the Government’s
£100m DAC and GGR technologies Competition is a constructive step in accelerating
technological advancement.
Furthermore, for BECCS, using industry/academia partnerships such as the Industrial
Decarbonisation Research and Innovation Centre (IDRIC) and the Supergen Bioenergy
Hub, can accelerate lower TRL sectors by working with the CCUS clusters and having
access to CO2 networks and deploying potential test facilities or shared initiatives.
It is important for industry, particularly smaller innovative supply chain companies,
that Government can give pathway of mechanisms to take the technology from low
TRL through to commercial deployment. Without the ‘next steps’ of funding outlined,
available infrastructure, and a route to market, many innovative solutions may not get
the resources required to progress past an initial phase.
b) Deployment (FOAK) mechanisms
The initial deployment for BECCS may require bespoke policy mechanisms for early
projects, similar to the FID-enabling process was used for early biomass power
projects supported by the power CfD. Specific policy measures which could help
deployment are:
•
•
•
•

Targeted support for deployment
GGR deployment milestones
Definition on the wider proposed market mechanisms
A defined pathway to transition towards longer-term business models

For BECCS to help achieve GGR in line with recommendations from the CCC, it is
important that lower TRL projects capable of industry scale GGR can deploy in the mid2020s. Biohydrogen, for example, is sufficiently advanced enough to be operating at
demonstration to early commercial scale. Once deployed, early operational
experience can provide ‘learning by doing’, laying the foundations for the ‘at scale’
deployment required in the late 2020s and beyond.
The publication of the CCUS business model update in 2020 was a good platform to continue
discussions with industry. It is now vital that GGR business models are accelerated in line with
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wider CCUS business model development to ensure that they can develop in line with each
other and enable informed decisions in 2021/22 on CCUS cluster development can be made.
In order to develop a sector at scale, FOAK and early projects must be developed in earnest.
Delaying early projects will delay the establishing of the sector, and may even shift early
mover advantage to other jurisdictions. In addition, Government should:
•
•

•
•

•
•

Publish a Greenhouse Gas Removal Strategy;
Commit to minimum levels of deployment for CCS and GGR, including updating the
10Mt CO2 storage per year in 2030, to a minimum ‘at least 10Mt per year target’ as
recommended by the CCC in the 6th Carbon Budget report;
Set clear early deployment targets and interim GGR milestones to help define a
pathway to 2050;
Ensure GGR business models can integrate with wider CCUS business models. This will
allow projects to be assessed by investors as a whole system and provide long term
certainty. Government should not automatically assume that BECCS is biomass
combustion to electricity, but be amenable to other vectors such as biohydrogen and
bioSNG;
Established a longer-term market framework and indicate how early projects can
move into this over time;
Build public support for GGRs around the value provided by engineered GGRs and the
critical role they will play in achieving net zero.

It is important that the Government does not rush to implement a self-sufficient market
structure, as if the market is not of a critical mass, a lack of ‘liquidity’ may result in it being
exposed to large fluctuations in price and as such lower investor appetite.
5. Are there existing policies that will need to be adjusted to enable the development
and deployment of the different GGR technologies?
The well understood power contract for difference (CfD) and proposed hydrogen CfD, along
with the proposed Industrial Carbon Contract (Industrial CCUS business model) could be
highly complementary with potential schemes to incentivise GGRs.
Some other existing schemes which could complement GGR policy mechanisms:
•

•

•

Renewable Transport Fuels Obligation (RTFO) – the RTFO could be a suitable
mechanism to help create a market for biohydrogen or biofuels produced with CCS for
use as transport fuels.
UK Emissions Trading Scheme (UK ETS) – the UK ETS could be a suitable mechanism to
create an enduring market for GGR technologies for sectors close to, or already
covered by an ETS. This is discussed in greater detail in questions 23 & 24.
Green Gas Levy – this could be a suitable mechanism to supplement GGR revenues
from CO2 capture at biomethane facilities.
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Government will need to further understand how these models could provide the opportunity
to ‘stack’ revenues with those specifically designed for GGR.
6. What principles should guide the design of a funding framework for GGR
infrastructure to ensure fairness in paying for the costs of deploying and operating
this infrastructure and address distributional impacts challenges?
No comment.
7. What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
See response to question 4.
8. Is there evidence of lessons from other sectors or countries that can inform the
development of the policy framework for GGR technologies in the UK?
The USA has active GGR projects which have become economical through the 45Q tax
incentive scheme and incentives to produce low-carbon fuels. The incentives to produce
biomethanol and bioethanol result in waste CO2 of high purity and so low capture costs, which
can be sent to storage or for Enhanced Oil Recovery (EOR) through a well-developed CO2
pipeline network. The 45Q and wider US policy on fuels and available infrastructure highlights
that low-cost opportunities for GGRs can be found.
Importantly, the 45Q tax credit is an Act of Congress, and as such cannot be altered or
removed easily. This protection provides investors and businesses with support certainty and
a reduced exposure to political risk. This is a fundamentally different model and risk profile
for investors than a UK tax credit equivalent.

Development and deployment
9. Considering the current level of development of relevant technologies, from an
engineering and planning perspective, how long would it take to get these
technologies to the stage of being able to be deployed? And to the stage for
construction of plants?
As discussed in response to question 1, there are many different types of BECCS
technologies, at different TRL levels. Some of these technologies are included in projects
which are preparing to deploy at industrial scale part of the first ‘phase’ of carbon capture
projects in the proposed CCUS clusters across the country.
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As such, the limitation to deployment of these technologies is Government deployment
ambition, supportive policy frameworks, an underlying business model(s) which can provide
revenue certainty and access to CO2 infrastructure.
The proposed clusters and early CO2 capture projects all have timelines to be operational as
early as 2025. Any approach to GGR technologies needs to ensure that support can be
provided for these early projects.
10. Are there parts of the end-to-end GGR delivery chain that only government can
provide, or will adequately designed market mechanisms be enough to unlock the
delivery chain?
The Government is currently designing market mechanisms for the CCS sector, including
GGRs. The Business Model Update published by BEIS in December 2020 defines a role for
Government which will be critical in establishing early projects and infrastructure, this will
subsequently reduce over time as market driven mechanisms reduce Government exposure
(through increasing carbon price, competitive low-carbon power rounds and a regulated
T&S network).
The exact involvement of Government to unlock GGR delivery is still under discussion.
However, we see direct involvement for FOAK and early projects through service-based
contracts, loans and grants as critical to ensure the industry can establish. Over time, other
policies can be used to drive a market led industry with decrease Government intervention.
11. What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?
The UK is uniquely positioned to deploy a CCS and GGR sector at scale, both in terms of
capturing CO2 emissions, but also in the ability to store many Mt of CO2 in offshore
reservoirs. Most importantly, the UK has a vast amount of CO2 storage capacity. The UK has
access to an estimated 78Gt of CO2 storage capacity in the subsurface offshore, including in
depleted oil & gas fields and in large saline aquifers. This capacity is large enough to store
over two hundred years of CO2 at current annual UK emissions volumes. This introduces the
opportunity for the UK to provide a CO2 storage service for international neighbours,
including GGRs.
There are few countries in the world which can mirror the UK’s clustered coastal industry,
abundant CO2 storage resource, drive for low-carbon energy and boast a supply chain which
can drive the low-carbon transition.
If CCUS and GGR is deployed at scale following a robust framework in the 2020s, the UK has
an opportunity to set a robust GGR standard and suite of policies tools which can be used by
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other countries developing GGR sectors. Importantly, if a policy framework is designed with
the UK supply chain at the heart of the sector, the UK will develop international
opportunities and attract investment into the country.
12. What do you consider to be the regional impacts of deploying GGR technologies at
scale? This should cover both positive and negative impacts.
The deployment of ‘engineered’ GGRs at scale isreliant on the deployment of a CCS industry
at scale in the UK. The regional benefits of deploying CCUS including a GGR sector include:
•

•

Clean infrastructure investment and levelling up – Highlighted by several
commentators as a key driver for a post-Covid19 recovery. CCUS including GGRs can
be a catalyst for investment in clean infrastructure in regions which for years have
suffered from under-investment, such as the North West, Humber and North East.
Providing low-carbon jobs in the energy transition – CCS projects will also create
many tens of thousands of jobs in these regions, including jobs in engineered GGRs.
Many skills applicable to the oil & gas sector can be transitioned to CCS and GGRs,
providing vital just transition for one of the UKs move innovative and world leading
sectors.
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11

REA Response to BEIS Green Gas Removal (GGRs)
Technology Call for Evidence
1. Do you give permission for your evidence to be shared with third party contractors for
the purpose of analysis?
Yes
2. Do you agree that some GGRs will be required to achieve the UK's net-zero target by
2050? What are your views on the suitability and mix of different technologies in
supporting the delivery of net-zero?
The REA agree that a wide range of both engineering-based and nature-based GGRs will be
required to meet the UK's net-zero targets. Energy scenarios set out by the Climate Change
Committee, National Grid ESO Future Energy Scenarios and the REA's Bioenergy Strategy
(2019) all demonstrate the need for negative emissions for delivering the UK's net-zero
emissions target.
Bioenergy with carbon capture and storage (BECCS) is seen as of critical strategic importance
within the CCC sixth carbon budget, identifying the need for it to provide approximately 53
MtCO2 by 2050 across a mix of biomass power, waste-to-energy, industrial heat,
biohydrogen, biojet and other biofuel & biomethane facilities. It, therefore, must be
recognised that the delivery of BECCS is dependent on the continued growth and
development of existing energy sectors. As BEIS will be aware, the biomass power sector is
already pioneering demonstration projects in BECCS and will be ready to deploy at scale
within the late 2020s. Anaerobic digestion and bioethanol plants are also already capturing
carbon dioxide for use in the food and drinks industry, replacing imports. Further bioenergy
industries are also considering how the retrofitting of CCS on existing infrastructure may be
achieved, following the CCC's sixth carbon budget which suggest this will be needed within
the 2030s. As such, policy design for the delivery of BECCS, and other GGRs, must consider
existing industries as their starting point, with the continued growth and transition of these
sectors being crucial to the delivery of GGR at the scales required.
Similarly, we strongly support carbon sequestration through environmental land
management methods including agriculture, forestry, agroforestry, energy crops and
peatland restoration. The CCC identify an estimated 39 MtCO2 of greenhouse gas savings
that could come from these measures alone. As such, the delivery of nature-based solutions
should be considered of equal importance alongside engineering-based solutions and will
likely require separate policy approaches to see them delivered. Also, we stress the link
between land use and bioenergy carbon capture and storage that must also be considered,
with policies that promote GGR through bioenergy and environmental land management
having co-benefits to the broader bioeconomy, supporting the delivery of each sector.
REA members are currently involved in the following GGR technologies and are therefore the
focus of our response.
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-

Bioenergy Carbon Capture and Storage (BECCS) – including on non-biomass power
applications such as anaerobic digestion.
Biochar
Afforestation
Habitat Restoration
Soil Carbon Sequestration

The REA are also members of the Coalition for Negative Emissions and are supportive of
other GGR technologies, as identified within their submission to this call for evidence, where
powered by renewable energy sources.
3. Concerning the GGRs listed in Figure 1 (except afforestation, habitat restoration and
wood in construction), is there new evidence that you can submit in relation to any of
the following:
(i) technology readiness levels
(ii) scale-up potential (in the UK and/or globally)
(iii) costs per tonne of CO2 removed, including any additional information about cost
savings per tonne for removals “in bulk” (where possible, please provide evidence for
cost breakdowns across the various elements e.g. capture costs, transport and storage
costs)
(iv) constraints to deployment
(v) ability to verify removals, taking into account considerations of permanence of
removal (i.e. how accurately can you measure the amount of CO2 removed and stored
by this method)
(vi) lifecycle emissions for these methods in the UK (please specify any assumptions as
part of this calculation, for example the carbon intensity of the electricity being used. If
you are assuming a lower carbon intensity than the modern grid, why?)
(vii) wider environmental impacts and risks.
Given the breadth of technologies represented by the REA, it is difficult for us to provide a
detailed answer to this question and leave it to individual technology developers to provide
estimated costs. However, in general, we highlight that the main costs of engineer based
GGRs include:
1. Feedstock conversion into an energy/CO2 mixture (E.g. Biomass being converted to
electricity)
2. The capture of CO2 - the cost of this can vary significantly depending on the
technology. For example, relatively low for bioethanol/ AD.
3. Compression/liquefaction of CO2 – the cost of which is the same for all technologies.
4. Transport of CO2 – the cost of which depends on the method of transportation, being
injected into a grid vs being tinkered, plus dependent on location and distances
involved.
5. Sequestration of CO2 – cost again depending on method and location.
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Any future framework must consider these costs and how any support mechanism helps
cover them. Cost 1, is likely covered by an existing support mechanism such as the CfD, RHI
or RTFO. However, consideration does need to be given to the development and retrofitting
of CCS technology on existing infrastructure, given support mechanisms all focus on
delivering brand new projects. Cost 2, is where GGR support needs to focus to provide a
revenue stream for negative emission production. Cost 3-4 are associated costs around
transport and storage that are relevant to GGRs and therefore should also be considered
within the design of any support mechanism.
We would also like to direct BEIS’s attention to the REA Report “Going Negative: Policy
Proposals for UK Bioenergy with Carbon Capture and Storage”. Produced in 2019, this report
examines how UK carbon price could be used to support BECCS, in conjunction with existing
policies like the CfD. The report can be read here: https://www.r-e-a.net/resources/goingnegative-policy-proposals-for-uk-bioenergy-with-carbon-capture-and-storage-beccs/

4. Is there any evidence you would like to submit in relation to other nascent GGR
methods not outlined in Figure 1? If so, please provide a clear description of the
method and the evidence available in respect to the categories listed above, including
deployment potential in the UK. If evidence is not available, please outline why and
when it might become available. Please ensure that you cite the appropriate sources
and publications in relation to evidence submitted, if relevant, as BEIS will seek
commercial and engineering support in considering stakeholder responses
In addition to the GGR methods highlighted in Figure 1 we also highlight the possibilities for
GGR using:
Perennial Energy Crops
Perennial Energy Crops such as miscanthus or short Rotation Coppice (SRC) e.g. willow have
significant potential to sequester carbon in root systems. This has a net zero cost being a
biproduct of the biomass crop. Domestic biomass supply chains using these crops are
already responding and increasing in scale due to market pull of an active and growing
bioenergy sector. Studies demonstrate that miscanthus can remove up to 2.58 tonnes of
CO2e or 0.7 tonnes of carbon from the atmosphere annually, dependent on soil type and
crop vigour (See Carbon Study submitted by miscanthus company, Terravesta, for further
information).
Biobased, biodegrable plastics and Biobased Carbon Fibres
GHG removals are also possible through agricultural feedstocks converted into long-lived
bio-based products, many of which are substitutes for durable goods of petrochemical
origin, such as biobased and biodegradable plastics or bio-based carbon fibre insulation or
decorative products.
Bioplastics in product forms such as lightweight carrier bags and liners for kitchen caddies
and food waste bins, which are designed to be compostable in their end-of-life phase, help
to maximise and support the efficient separate collection of biodegradable waste arisings
from household and other municipal sources, particularly food waste. This represents a
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valuable contribution to the biological cycling of biodegradable materials, as the industrially
produced composts and digestates – made from society’s food, garden, and other plant
wastes - return valuable nutrients, organic matter (including carbon) and beneficial microbes
to soils (agricultural soils are the main market in which composts and digestates are used).
Anaerobic Digestion and Bioethanol Plants
There is potential for investment in AD and bioethanol plants that are optimised for net GHG
removal and the possibility of Small Scale BECCS/BECCUS. AD and bioethanol plants are
already capturing carbon dioxide for use in the food industry. All AD plants have a stream of
CO2 that is easy to capture and compress/liquefy. This represents some low hanging fruit for
GGR. In addition, there are a variety of technologies for processing digestates in ways that
reduce ammonia emissions; government should support their deployment and any necessary
updates to waste management regulations and the Quality Protocol for Anaerobic
Digestates.
Sequential or Double Cropping
The government should also consider the merit and potential role of sequential or double
cropping in the UK. There may be some parts of the UK where this approach, or one adapted
to our climate, can be adopted. This approach has been developed mostly in Southern
Europe, pioneered by the Consorzio Italiano Biogas (CIB) to integrate anaerobic digestion
with agro-ecology. It is a highly sustainable model that has proven to deliver a significant
reduction in GHG emissions from agriculture and carbon sequestration, as well as to restore
soil health and organic matter. CIB has called it Biogasdoneright® model (BDR), which
describes a set of practices that link biogas production to sustainable agriculture and is
being implemented on a large scale in Italy.
Under BDR, food production is not adversely affected by double crops as these are typically
grown in seasons when most food cropland is fallow. Therefore, food and feed production
are not displaced when producers adopt sequential cropping. The ‘energy crops’ represent
‘additional carbon’ – that is carbon removed from the atmosphere by the BDR cropping
system above and beyond the carbon fixed by current agricultural practices.
The EBA’s position on sequential cropping and the associated benefits can be found here.
Evidence collected from the biogas sector shows that proper biogas production based on
sequential cropping is a sustainable activity. On top of that, it is a powerful solution leading
to decreased greenhouse gas (GHG) emissions, protection of biodiversity and restoration of
soil quality through agroecological innovation and organic fertilization.'
Further information can be found here.
More research needs to be carried out in the UK to understand whether double cropping is
possible and could be adopted in the UK given the different climate.
Industrial composting with one or more enclosed phases
The UK has approximately 45 facilities of this kind which are approved for treating ‘animal
by-products’, some categories of which are catering (food) wastes from domestic and C&I
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sources. The gaseous emissions from the wastes while being composted are captured and
treated using a variety of simple through to more complex treatment systems for gaseous
emissions. This industry (and the AD industry) is adjusting to implement Best Available
Techniques so the suitability of DACCS technologies should be considered for abatement of
their gaseous emissions.
Application of compost to land
Compost when applied to land has the potential to sequester carbon in soil. Studies1 have
shown that over a period of 4-12 years, between 11-45% of the organic carbon applied to
soils as compost remained as soil organic carbon. Every tonne of soil organic carbon holds
the equivalent of 3.67 tonnes of atmospheric CO2. One tonne of green waste derived
compost applied to soil over one-hectare results in a net CO2 equivalent saving of 143kg per
hectare per year due to the increase in soil organic matter alone.

5. What do you consider to be the main barriers to the development and deployment of
GGRs?
Primary barriers to deployment are currently commercial and lack of dedicated policy
support for the foundational industries from where GGRs are going to be delivered.
The development of a market price for negative emissions is seen as critical for building the
commercial case for GGR technologies. Carbon pricing in its current form does not reward
negative emission and will need to be reformed if there is to be a tradeable carbon market in
which GGRs can participate and realise meaningful revenue streams.
As identified in question 2, in many cases GGR’s are a potential additional commercial
activity for existing sectors. In such cases, both the primary activity must continue to have a
market if they are to build on existing supply chains and knowledge to deliver innovative
GGR technologies. The additional investment to deliver GGR technologies in these sectors
must therefore be regarded as part of stackable revenue streams. In the case of BECCS, this
includes being appropriately rewarded for dispatchable renewable power, contributing to
energy security and grid flexibility. In the case of nature-based solutions, largely resulting
from land management sectors, the benefits of GGRs need to be suitably rewarded as part of
the broader agriculture payments. As such, ensuring GGRs are strategically considered as
part of current wider policy proposals is crucial to avoiding barriers to deployment of the
foundational technologies from which GGRs are attainted. In terms of current Government
workstreams this means GGRs being incorporated into such policy proposals as the reforms
to the CfD, the Biomass Strategy, the Heat and Buildings strategy, the Hydrogen Strategy,
the England Tree Strategy, reforms to the Renewable Transport Fuel Obligation and the
Environmental Land Management Scheme, amongst others.
The deployment rate of GGRs will also depend on the availability of infrastructure. As part of
the Government strategic thinking on infrastructure priorities, there must be a focus on areas

1

https://www.iswa.org/uploads/media/Report_2_Benefits_of_Compost_and_Anaerobic_Digestate_01.pdf
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such as addressing capacity constraints on the gas network to allow for increased injection of
green gasses or identifying carbon storage regions within the UK.
Regulatory barriers must also avoid being a factor. Early engagement with authorities like the
Environment Agency will be crucial to ensure the development of a suitable regulatory
environment that enables the deployment of GGR technologies, and appropriate accounting
for negative emissions, while also ensuring mitigation of any environmental risks posed if
GGRs are done badly.
Finally, in the immediate term, commercialisation is likely to be the biggest barrier to GGR
deployment. Different GGR technologies are at different technology readiness levels, with
many not yet being commercially viable. Dedicated bespoke support, to different GGR
solutions, will be required to see the establishment of these technologies and sectors,
building developer and investor confidence. This should also include the development of
CCS technologies that can be retrofitted on to existing bioenergy infrastructure, to enable
the transition of these sectors. This can be done to move towards more market based, and
technology-neutral, delivery solutions in the long run.

6. What principles would you like to see included in a framework for incentivisation of
greenhouse gas removals?
The REA suggest the following principles should be considered to ensure confidence in a
GGR framework:
-

-

-

-

Verification of removals: having a transparent and agreed method of accounting for
GHG emissions is essential. Much of this work can be based on existing accounting
methods in current support schemes. For example. The Renewable Energy Directive
(RED) methodology used to assess GHG emissions from transport fuels under the
RTFO could be adapted to assess negative emissions. Further accounting methods
are also found within the renewable heat incentive or contract for difference. It is
recognised that different GGR approaches between engineered or nature-based
solutions may require different approaches, but these should be comparable.
Sustainability governance: the UK already has world-leading sustainability
governance arrangements for bioenergy. These need to be maintained and
considered in light of other GGR solutions.
Investor confidence: new market frameworks must be suitably bankable for
investors and consider the likely higher risk profiles that early investors may consider
they are taking on. In conjunction, existing investments within existing sectors, such
as biomass power or anaerobic digestion, must not be undermined to maintain
investor confidence in the existing policy.
Fair cost-sharing: there are expected to be some significant costs involved in the
establishment of the GGR sectors and different technologies. Ensuring both costs and
benefits of the technologies are shared across the industrial and domestic sectors will
be important. This is combined with ensuring value for money, with a market-based
mechanism, in the longer term, being used to ensure costs are encouraged to
decrease.
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-

-

Permanence and scalability: frameworks will need to provide long term stable
support, likely over the lifetime of the plant. Recognising that different technologies
have different characteristics and challenges that will impact their speed of
deployment, higher support in the early years will be needed to cover the cost of
capital, and ongoing revenue support required to cover the marginal costs of
production in the longer term. A combined approach is therefore needed, such as a
carbon price that rewards ongoing negative emissions to provide permanence, while
a CfD like structure sees new projects deployed and technologies to become scalable.
Similarly, separate forms of support maybe needed for retrofitting CCS onto existing
bioenergy infrastructure, incentivising the deployment of further CCS technology.
Moving towards a market-based approach: in the immediate term bespoke
support for different GGR solutions will likely be required to establish sectors,
however, longer-term ambitions should be to see the establishment of a marketbased mechanism that suitably rewards negative emissions.

7.What specific policy mechanisms could the government consider to incentivise (a)
innovation and (b) initial deployment? Could any of the policy options outlined above
be designed in a way that stimulates investment in innovation, including pilots and
demonstrators for less mature technologies?
We generally agree with the policy leavers identified in figure two. The nature of different
sectors will need to be considered to ensure the appropriate use of these leavers to realise
the deployment of different GGR sectors. For example, regulatory methods might well have
a strong role to play in nature-based solutions, determining environmental land
management practices or the use of bioplastics, while payment and service contracts may
also have a strong role to play in engineering-based solutions. In the immediate term, we
are supportive of bespoke mechanisms being designed for different GGR technologies,
recognising different technology readiness levels or the status of the sectors in which they
are being implemented. Less mature technologies, including those that could be adopted by
land managers or the agricultural sector, will need longer-term support in the form of
commercialisation grants to get beyond initial field studies.
In the case of technologies where demonstration projects are more advanced, such as
BECCS, we are supportive of market-based leavers that reward both the energy production,
along with a payment for the negative emissions achieved. A CfD based mechanism that
includes BECCS would allow new biomass power or energy from waste projects to receive a
reliable revenue for the power generated, along with any additional benefit for services
provided to the grid. A separate carbon payment is then provided to reward negative
emissions. Set at a £/tonne level the payment will need to cover both the operational costs
of capturing carbon, along with transporting and storing it. Over time, assuming the UK ETS
matures successfully, the carbon payment will likely be able to transition to a straight
market-based price that ensures ongoing revenue for negative emission production.
Such a payment also has the advantage of being adaptable to other foundational
technologies, operating in conjunction with other support mechanisms that deliver different
renewable energy supplies such as the RTFO, RHI or future mechanism aimed at hydrogen
production.
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Further initial support will need to be considered for the development and deployment of
CCS technology that can be retrofitted onto existing infrastructure, given that support
mechanisms focus on delivery of new projects. However, a consistent carbon price will also
be crucial in securing the business case for investment in retrofit projects as identified as
required by the CCC by the mid-2030s.
8. How could government best contribute to establishing optimum market conditions
for GGRs to be developed and deployed at a large scale?
As identified in question 7, in the immediate term we are supportive of technology-specific
mechanisms being designed for different GGR technologies, recognising different readiness
levels or the status of the sectors in which they are being implemented. Bespoke grants will
likely be required to drive appropriate levels of research, development, and deployment as
appropriate to the specific sector to get to a level of commercialisation that enables more
market-based approaches to operate.
Much of the regulatory or infrastructure requirements for carbon transport and storage will
also need to be developed in parallel. As part of the Government strategic thinking on
GGRs, there must be a focus on areas such as addressing capacity constraints on the gas
network to allow for increased injection of green gasses or identifying carbon storage
regions within the UK. On the regulatory side, thought should also be given to the
development of suitable accounting methodologies for negative emissions of different
sectors so that the establishment of a market-based mechanism can be successfully
developed. For example, the RED methodology used to assess GHG emissions from transport
fuels under the RTFO could be adapted to assess negative emissions.
In addition, the government must recognise the importance of maintaining the foundational
industries for different GGR technologies. It is the established sectors, such as the bioenergy
sector, that have developed the knowledge, supply chains and skills necessary to see these
GGR innovations delivered. This is equally true for building on existing investor confidence,
private funders will not be encouraged to invest in new technologies if their existing
investments in UK industries are undermined. If Government lets these foundational
industries contract, rather than enabling them to transition through dedicated support for
retrofitting, then delivering the innovation and commercialisation required will become
harder. As such, GGR priorities must start to be built into existing government workstreams,
with the potential for technologies deploying today being able to contribute to negative
emissions in the future.

9. How might the role of the government change overtime to bring GGR technologies
to market and encourage their deployment up to 2050?
The role of the Government will change as GGR technologies become more commercially
established. Once achieved it is appropriate that the Government facilitate a move to more
market-based solutions, that drives competition between technologies and drives down
costs. This is likely to be achieved through the maturing of a cross-sector carbon price,
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potentially through the UK ETS, which rewards negative emissions. However, given the range
of technologies that will be required and the need to get them all to successful
commercialisation, such a technology-neutral policy role should be considered a medium to
long-term policy objective.
It is also worth noting, that at some point governments role will also change from facilitating
the innovation and commercialisation of GGRs to ensuring their ongoing deployment and
retrofitting of the technologies. This change may require the Government to review initial
approaches and make appropriate changes, likely within the 2030s.
Aside from any policy changes, the Government must still maintain regulatory clarity and
consistent direction of travel to maintain investor confidence and enable long-term planning
for projects.
10. Which factors should be considered when assessing the suitability of different
policy options for businesses?
Considerations should include:
-

-

-

-

-

Bankability – the ability for developers to build a viable business case that will
enable financiers to invest in the project.
Fair cost-sharing and value for money – costs need to be shared appropriately
across beneficiaries, including the additional products from GGR activities, for
example, BEECS producing both negative emissions and renewable energy, or naturebased solutions providing further environmental benefits.
Ability to enable existing sectors to transition – GGR delivery will depend on
existing supply chains, knowledge, existing investor confidence. Any new framework
should aim to also support these foundational sectors and avoid contraction. This
means being able to both deliver innovation and see existing sectors adopt that
innovation.
Long term stability – as seen with the CfD, investors are favourable to long term
predictable contracts. This helps manage and allocate risks appropriately. This needs
to be replicated in future GGR policy frameworks.
Frequency of support – if using a mechanism based on allocation windows, a clear
timetable for future allocations should be set well in advance allowing developers to
plan a pipeline of projects. Current arrangements of the CfD happening every two
years are both too vague and too infrequent.
Transparency – any awarding process for support must be transparent and then
increasingly competitive to help drive down costs.
Transition to a market-based approach – Government intentions and target dates
should be set for the industry to deliver against when the government aim to see a
full transition to a market-based mechanism. Such targets should have suitable
review periods built into them.

11. Are there any existing business models in other sectors – such as power, industry,
transport or land use – that could complement new schemes to incentivise GGRs?
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Within the bioenergy sector, there are current support mechanisms that could be adapted to
also reward negative emissions. As discussed, we believe a CfD based mechanism for BECCS,
to reward renewable power production, combined with a separate carbon payment for
negative emissions is a useful combination for delivering biomass power projects with CCS.
Such a payment also has the advantage of being adaptable to other foundational
technologies, operating in conjunction with other support mechanisms that deliver different
renewable energy supplies such as the RTFO, RHI or future mechanism aimed at hydrogen
production. Equally, existing infrastructure, such as AD sites which already capture CO2, could
utilise the carbon payments to enable further investment in carbon capture and storage.
Over time, assuming the UK ETS matures successfully, the carbon payment will likely be able
to transition to a straight market-based price that ensures ongoing revenue for negative
emission production.
In the agriculture and forestry sectors, consideration should be given to how direct payments
such as those being developed within the Environmental Land Management Scheme and
England Tree Strategy could also be used to deliver nature-based GGRs by rewarding
carbon-fixing in soils, tree growth and habitat restoration.
12. Are price instruments or quantity instruments likely to be more effective in
encouraging and sustaining the deployment of GGRs? Or will a combination be
required?
A combination of both is likely required to ensure a variety of options are commercialised.
Quantity based instruments might be important in establishing sectors, while cost-based
metrics will help sustain deployment and drive down costs. Support must both address the
capital expenditure and ongoing operational costs of realising negative emissions. As such a
quantitative approach may see significant early deployment but a price instrument will be
needed to sustain the industry in the longer term, as well as provide long term price
certainty providing bankable projects for investors.
Lessons can be learned from other sectors. While predominantly a price-based instrument,
the early days of the renewable heat incentive were focused on driving the number of
renewable heat systems. In many cases, it did so at the cost of quality and did not effectively
drive down costs in a sustainable fashion. This has had led to long term legacy issues for the
renewable heat sector, now resolved, requiring better standards and better-focused price
instruments to be introduced to deliver a sustainable sector today. As such, the focus must
be on strong support system design, with quality standards in place from the start.
13. How far should a policy framework aspire to be technology-neutral between
different GGR options?
Given the breadth of GGR technologies, operating across a wide range of different sectors,
we believe a technology-neutral approach should be a longer-term ambition for
policymakers, enabled by the successful establishment of a carbon market for negative
emissions in the future. In the immediate term more bespoke mechanisms are going to be
required, that take into consideration, both the different technology readiness levels of
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technologies and the status of the foundational sectors into which they are being
introduced.
14. Could wider support for GGRs have any unintended effects on the development and
commercialisation of technologies in other sectors, and how could this be mitigated?
The deployment of GGRs should complement, and not replace, methods for decarbonisation,
eliminating carbon emissions in the first place. However, as evidence from the CCC has
demonstrated, GGRs are going to be required to achieve net-zero. As such government
should focus on delivering decarbonisation strategies across the UK economy that prioritises
decarbonisation while also ensuring GGRs can play their role in delivering negative
emissions. Having an effective carbon market will play an important role in seeing this
realised by firstly incentivising emission reduction and then by, secondly, rewarding negative
emission from GGRs.
15. Are there any international examples that have proved effective at incentivising
GGRs? Why were they effective, and are there any barriers to taking similar action in
the UK? Are there examples of international approaches that have not worked well?
- No Comment
16. Should the government introduce a tax credit, and if so, how should this be
designed? Should it be provided only for specific GGR technologies or a broad range of
methods? Would multiple, specific rates be effective at incentivising as much
investment as possible?
Tax credits could be used to incentivise the uptake of GGRs. The use of enhanced capital
allowances and tax rebates have played a role in enhancing revenue streams from
renewables projects, which has helped bring in investors and reinforce business models.
However, by themselves tax credits will not address the current lack of revenue for negative
emissions, so a wider policy mechanism will be required. Any tax credits introduced must
also be consistent and avoid regular political review within each government budget.
17. Should participants from specific sectors with historical carbon emissions be
eligible to apply for the credit or should the credit be economy-wide?
Given the range of GGR technologies and sectors involved it is likely it will need to be
economy-wide to deliver significant levels of GGRs.
18. If the government were to introduce a GGR obligation scheme, which businesses
and emitting sectors could this cover? How could such a scheme be designed to
minimise competitiveness impacts and regressive passed-through costs (e.g. to
consumers and bill-payers)?
Obligations could be applied to the highest emitting sectors including areas like agriculture,
transport, waste, and power production. However, this will need to be done carefully to avoid
increased costs for consumers. It is noted that obligations have worked effectively in the
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power (RO) and transport sectors (RTFO), where lessons can be learned in relation to keeping
prices low and avoiding negative impacts.
Obligations could also be considered regarding driving domestic supply chains, for example
regarding biomass fuel stocks. Obligating lower fossil fuel use could drive demand for
renewable fuel alternatives, helping to further establish these domestic markets.
As identified in question 10, there should be fair cost sharing of obligation across consumers
and businesses, with costs appropriately socialised as everyone benefits from emission
reductions and mitigating climate impacts.
19. What other regulatory approaches could government explore to incentivise GGR
deployment?
Regulatory approaches maybe effective for delivering nature-based solutions. For example,
bans on use of domestic-source and imported peat within soil improvers and, where
adequate technical performance of alternatives has been proven, in growing media would
drive down demand and contribute to peat habitat restoration. To date, composted plant
wastes (‘green compost’) and composted plant and food wastes (‘green+food compost’)
have a successful track record as partial replacement material for peat substrates in growing
media and as the sole material in a range of soil improver products. The major growing
media manufacturers in the UK and Ireland reported producing 2.79 MT of growing media
and soil improver products in 2017, of/in which nearly 227 kt was Green compost (8.1 %).
Based on figures reported at the end of 2018, UK production of waste-derived composts that
achieve product status (i.e. exit waste regulatory controls) was 954 kt Green compost and
446 kt Green+Food compost, and with tonnages expected to rise as a result of likely
requirements in England for separate collections of food and garden wastes from 2023,
production of waste-derived composts (and digestates) that achieve product status is
expected to rise considerably.
The government should encourage the use of organic recycling processes, because of
waste-derived composts’ further potential as an alternative to peat (in combination with
other alternative bulky substrates) in growing media and their potential for use in greater
tonnages use as soil improvers in a range of markets (aiding carbon storage and cycling in
agricultural soils for example), and because of the potential for using solid digestates in a
range of applications and for further use of liquid digestates in applications where the supply
of plant-available nutrients is important. There are current regulatory barriers that would
need to change to enable these materials to reach their full potential.
Regulatory measures that ensure quality or drive down poor agricultural practices will help in
promoting GGR nature-based solutions. These will need to be carefully designed to avoid
any unintended consequences for the broader agricultural sector. We are aware Defra has
supported research into Soil Quality Indicators, including measures of soil organic carbon. In
responding to Defra's consultation on their Environment and Land Management Scheme we
suggested that in the short term it financially rewards land managers for actions that support
soil health (e.g. applying compost or digstate in accordance with good agricultural practice),
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then move to evidence-based payments after the soil health metrics and monitoring
programmes have been sufficiently developed.
In relation to engineered-based solution, regulation is likely to be required, but is not
expected to sufficiently incentivise deployment by itself given that development and
operational costs will still need to be supported.
20. What are the merits and risks of introducing payment schemes for GGRs,
potentially involving up-front grants or payments for each tonne of CO2 stored? Which
GGRs would be suitable for a payment scheme
Grants could have a strong role to play in field studies and enabling research and
development of GGR technologies, as well as helping commercialisation of the first few
projects to build sector confidence. However, grants fail to address operational costs without
providing an ongoing revenue stream to produce negative emissions. This in turn will not
help deliver a market-based sector. As such grants, while helpful in the short term, should
not be considered a long-term solution for establishing a negative emissions market.
21. Could a contract scheme be effective in incentivising GGRs such as DACCS and
BECCS? What would be the main challenges and limitations of such a mechanism, and
how could it be designed to maximise its effectiveness
We believe a CfD based mechanism for BECCS, to reward renewable power production,
combined with a separate carbon payment for negative emissions is a useful combination for
delivering biomass power projects with CCS. Such a payment also has the advantage of
being adaptable to other foundational technologies, operating in conjunction with other
support mechanisms that deliver new renewable energy projects such as the RTFO, RHI or
future mechanism aimed at hydrogen production. Equally, existing infrastructure, such as AD
sites already capturing CO2, could utilise the carbon payments to enable further capture and
storage.
Further initial consideration will also need to be given to other areas of existing
infrastructure, supporting the development and deployment of CCS technology suitable for
other bioenergy users, especially given that support mechanisms focus on delivery of new
projects. However, a consistent contracted carbon price will then be influential in securing
the business case for investment in retrofit projects as identified as required by the CCC by
the mid-2030s.
Lessons can be learned from the existing CfD mechanism especially in considering the
success of the CfD in driving down costs within the offshore wind sector.

22. What could a cap and trade scheme for negative emissions look like, and which
sectors would you propose to be included in such a market?
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The development of a cap-and-trade scheme should be a longer-term ambition, with
negative emissions being introduced into the development of the UK ETS. However, a market
for negative emissions will need to be established first, requiring a dedicated payment to be
in place and this to transition into a market-based cap and trade mechanism.
23. The costs of different GGR technologies vary significantly. How could a cap and
trade system address these differences? How could a cap and trade system be used to
incentivise initial investment in any future emerging GGR technologies over a longterm trajectory?
As mentioned, more bespoke mechanisms that recognise the situation of individual GGRs
will be needed in the short to medium term to both establish commercial sectors and a
market for negative emissions. Over time this will deliver a more even playing field in terms
of costs and enable the establishment of a cap-and-trade scheme that ensures continued
deployment of established GGR sectors.
24. What role can government play in encouraging more companies to make voluntary
commitments to invest in GGR technologies in the UK? To what extent can this support
innovation in, and deployment of, these technologies?
Use of government investment through an infrastructure bank, invested into new GGR
technologies, would help encourage private investment into the sector on a more voluntary
basis. Lessons can be learned from what was achieved through the public Green Investment
Bank and their focus on higher risk renewable energy projects, which saw significant levels of
private investment then enter the market.
There could also be a significant role for voluntary carbon markets in enabling investment in
GGRs, however, this would need to be carefully considered especially regarding interactions
with any mandated traded schemes.
The REA would also be happy to help facilitate discussions with our Finance Forum, with
whom the government would be able to explore different framework ideas and understand
what would help release private investment in this sector.
25. What are your views on the government's intention to coordinate the deployment
of GGR technologies such as DACCS and BECCS in line with our stated CCUS ambitions,
and how could we
best do this?
The REA supports the government’s overall aim to develop industrial clusters with GGR
infrastructure for large-scale technologies. These will be important for establishing the GGR
sector and delivering commercial scale GGR application. However, this should be done in
parallel to exploring smaller scale BECCS applications, along with support for nature-based
solutions.
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26. What principles would you wish to see in any accreditation scheme for negative
emissions? How should the government regulate this? Any evidence relating to the best
practice of existing negative emissions MRV is welcomed.
A starting position that BEIS might wish to consider is building on the RED accreditation
scheme used within the Renewable Transport Fuel Obligation. Building on existing schemes
and regulations, rather than developing new ones, will help build confidence and
understanding in the accreditation scheme.
27. What are the most significant barriers to developing robust monitoring, reporting
and verification system for GGRs?
A variety of MRV systems may be required for GGR, consistent with existing international
guidelines – to include government-led auditing, self-reporting and the use of independent
data sources such as remote sensing. Different sectors might require different approaches.
February 2021
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Greenhouse Gas Removal: BEIS call for evidence
Introduction

CCm Technologies is an award-winning clean tech company which optimises resource use
through Carbon Capture and Utilisation (CCU) solutions, including the production of high-quality
net zero carbon fertilisers, which are cost-competitive with conventional alternatives.
CCm’s technology uses captured carbon dioxide from industrial power generation to stabilise a wide
variety of materials (such as ammonia and phosphates) from agricultural and industrial waste
streams. It uses these stabilised materials to create new fertiliser products with significantly lower
than usual carbon and resource footprints.

This technology enables a wide range of businesses to generate commercial value from waste
streams while also unlocking significant environmental benefits. The process is commercially
viable without the need for government subsidies, and the production of high-value, highperformance materials from low or negative value inputs reduces demand for finite resources
and avoids both the environmental impacts and financial costs associated with extraction,
production and disposal of materials. The fact this process commercialises the by-products of
anaerobic digestion improves the economic resilience of this producers.
Carbon savings associated with the technology arise at three stages:
• through direct capture and utilisation of carbon dioxide in production
• through avoidance of primary use due to use of recovered rather than new materials
• through enhancement of soil carbon sequestration potential.
As a result, CCm’s technology can reduce by more than 90%, the carbon footprint associated
with conventional fertiliser use. As our fertiliser products are cost-competitive with
conventional options and, over six years of independent field trials, have been demonstrated to
ensure comparable yields, they offer huge potential in terms of the decarbonisation of the
agricultural sector, which currently accounts for 10% of the UK’s greenhouse gas emissions.
Overview
We welcome the government’s efforts to establish a policy framework with a view to building a
market for greenhouse gas removals and to position the UK as a leader in the development and
deployment of GGRs.

Amidst significant domestic and global challenges, this year provides real opportunities to
showcase the UK’s vast technological innovation which will undoubtedly play a major role both
in addressing the climate crisis and supporting economic growth and prosperity. It is more
crucial than ever that government creates an enabling regulatory environment for further
entrepreneurial innovation to tackle major contemporary challenges and encourage the rapid
commercialisation of such opportunities.
It is critical that the scope of technologies included in the Government’s GGR proposals does not
undervalue the existing and market ready solutions that give valid, valuable and available reductions
in carbon.
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Existing Carbon Capture and Utilisation Solutions are underrepresented and under-developed
in the Government’s approach to incentivising GGR. CCm would like to stress the significant
gains that can be made in carbon reduction and sector decarbonisation if the government
encourages industries to explore emissions capture and utilisation technologies available today.
CCm’s commercially available technology can produce high value, high performance
fertilisers derived from the low or negative value inputs/feedstocks of three key UK sectors
➢ Water/Wastewater;
➢ Food Manufacture & Retail; and
➢ Agriculture.
With the products CCm produces already cost-competitive with conventional options, the
Government should ensure part of its GGR strategy is encouraging industry to adopt the ‘low
hanging fruit’ of available and cost-effective emissions reduction technologies.
1. Do you give permission for your evidence to be shared with third party contractors for the
purpose of analysis?
In general yes, except the Annex at the back of this document.
2. Do you agree that some GGRs will be required to achieve the UK’s net zero target by 2050?
What are your views on the suitability and mix of different technologies in supporting the delivery
of net zero?
Yes, and the scope of technologies explored in this Call for Evidence should include consideration of
how to scale up Carbon Capture and Utilisation technologies which are readily available and
deployable today.
Technology like that produced by CCm Technologies Ltd. contributes to key government objectives,
primarily net zero but also moving towards a circular economy, meeting waste targets, reforming
the food system and restoring soil fertility.
Current agricultural practices result in the production of approximately 10% of all UK greenhouse
gases, as well as specifically increasing both ammonia and phosphate emissions and water pollution.
While a reduction in coal-fired power stations enabled the UK to reduce emissions by 16% annually
from 2012-2016, decarbonisation of other sectors, such as agriculture, has been significantly lower
and must now be a major focus for action.
By targeting the massive carbon footprints associated with conventional fertiliser production, which
it can reduce by more than 90% depending on the formulation in question, CCU technology can
contribute meaningfully to the UK’s objective of net zero carbon by 2050.
Likewise, the water sector remains one of the UK’s most energy-intensive sectors. In providing an
innovative and cost-effective route for these sectors to cut their carbon footprint, net zero carbon
fertiliser production, such as CCm’s technology, could play a major role in the progress of difficult-todecarbonise sectors towards Net Zero.
Carbon savings associated with CCm’s fertiliser production result from:
•

The direct capture and utilisation of waste CO2 during the production process
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•

•

The replacement of high-intensity inputs (i.e. the energy-intensive production of large
volumes of ammonia, phosphates and carbon dioxide) by recovered ones, which
produces a large avoidance of primary carbon use
The retention of carbon-based materials within the fertiliser matrix ensures high levels of
carbon retention and storage in the soil, contributing to the restoration of soil organic carbon
and overall fertility.

Through a combination of the above, a standard CCm unit, such as the one deployed at the 3rd largest
UK sewage treatment works operated by Severn Trent, producing approximately 10,000 tonnes of
fertiliser could generate carbon savings of approximately 40,000 tonnes CO2e per year. The
deployment of 50 units in the UK could therefore result in emissions avoidance equivalent to removing
around 375,000 cars off the road each year, meaning CCm products are not only low-carbon but in
many cases climate-positive.
3. In relation to the GGRs listed in Figure 1, is there new evidence you can submit in relation to any
of the following:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

Technology readiness levels
Scale-up potential (in the UK and/ or globally)
Costs per tonne of CO2 removed (where possible, please break this down by transport
costs, storage costs, capture costs etc.)
Constraints to development
Ability to verify removals, taking into account permanence of removals
Life cycle emissions
Wider environmental impacts and risks

(Answered in combination with Question 4)
AND 4) Is there any evidence you would like to submit in relation to other nascent GGR technologies
not outlined in Figure 1?
We would recommend the Government include the scale up of Carbon Capture and Utilisation (CCU)
solutions when developing its strategy for GGR.
i)

Technology readiness levels
CCU technologies are ready and deployable in the field. Their impact on carbon reduction
is held back only by their ability to scale owing to a lack of industry awareness and access
to the technologies.
CCm technologies are already deployed in partnership with industry and CCm’s full-scale
demonstration plant has been fully operational for over two years, producing significant
quantities of ultra-low-carbon footprint fertiliser materials in solid and liquid formats.
CCm has completed 6 years of independently verified field trials at scale. These trials have
proven the efficacy of CCm’s products and demonstrate that process technology can
manufacture direct analogues of petro-chemically derived fertilisers which give the
farmer the same, if not fractionally better yield and protein quality outcomes.

ii)

Scale-up potential (in the UK and/or globally)
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CCU technologies like those provided by CCm can be deployed across three key
sectors, wastewater, food waste and agriculture.
Agriculture’s contribution to global anthropogenic emissions is often estimated at 15-20%
but some suggest that, as those figures tend not to account for loss of organic soil carbon,
the reality could be closer to 50%.
The agriculture sector has not yet progressed as far as other sectors with regards to
decarbonisation but will increasingly be expected to accelerate action as feeding a
growing world population in the context of an environmental crisis represents a defining
challenge for international policy-making in coming decades.
The Sewage sector is estimated to comprise approximately 3% of total GHG emissions
while Food Waste accounts for a further 6%.
Critically, CCm’s technologies will be able to coincidentally provide a sustainable
technology to positively impact citizens in all jurisdictions, irrespective of economic
development, as food security challenges increase.
iii)

Costs per tonne of CO2 removed (where possible, please break this down by transport
costs, storage costs, capture costs etc.)
For the end purchaser of CCU output, products can produce and deliver comparable crop
yields that are cost-competitive with conventional fertilisers and can be applied using
existing machinery. The base level economic returns generated from a CCm unit range
between 15-18% without the need for government subsidies. These returns take no
account of the additional environmental benefits or Carbon value that will accrue from
avoidance and/or sequestrations offsets. A total Life Cycle Analysis (ANNEX 1) for a 20N10P-10K CCm compares all aspects of production with a conventional fossil-fuel derived
equivalent.
Farmers can therefore make sustainable, tailored, low carbon choices without sacrificing
yields or paying more. This is critical to moving the agriculture sector closer to net-zero in
a way that brings industry along on the net zero journey and incentivizes production
change.

(iv)

Constraints to development
The most significant barrier to widespread adoption is the current regulatory framework
around the status of waste across all jurisdictions. There has been growing momentum
for change as demonstrated by the adoption of the EU’s Fertilizer Product Regulation
(FPR), enacted in less than three years. Given the very immediate challenges of climatechange, governments’ mindset needs to alter to create a regulatory landscape for the
technologies of the future.
The Government could accelerate the transition of key sectors to using decarbonisation
technologies in business-as-usual scenarios by creating the right regulatory framework to
encourage adoption of available technologies:
4

The Environmental Land Management (ELM) scheme, based on a ‘public money
for public goods’ strategy, will underpin the UK’s new agricultural strategy and support
the achievement of 25 Year Environment Plan and Net Zero goals while also supporting
rural economy. The impacts of CCm’s fertiliser products are in complete alignment with
the goals of the ELM scheme: they allow farmers to make the transition to lower emissions
and reduced environmental impact without risking their yields, without taking on
additional costs and without needing to change their delivery mechanisms. As such, the
use of zero carbon fertilisers represents a low-hanging fruit in terms of the achievement
of ELMS objectives and farmers should be rewarded for their use. These products are
commercial-ready and scalable and therefore available to be deployed at the pilot stage
of the scheme to support the delivery of key public goods such as clean air, clean water
and protection from environmental hazards.
The application of this technology to wastewater should reduce emissions in numerous
ways including avoiding spreading sewage sludge directly on agricultural land which
produces methane emissions, and allowing waste to be processed on site, potentially
taking sludge transportation lorries off the road. The total Life Cycle Analysis quantifies
the positive impact on the Carbon intensity of sludge (ANNEX1).
The UK Government has confirmed that it will prioritise the water quality of UK rivers,
including by supporting Philip Dunne MP’s proposed new Sewage (Inland Waters) Bill, in
recognition of the risk sewage discharges pose to aquatic species and human health and
recreation. Net zero carbon fertiliser technology, such as CCm’s, can also support this
objective by providing water companies with a cost-effective route for handling waste
streams. With regards to wastewater treatment, CCm’s technology is able to use nutrientrich sludge digestate or centrate – a waste stream from the dewatering process – as the
source of ammonia. This reduces and possibly eliminates the environmental and financial
costs associated with transporting sludge and bio sludge to land, while also creating a
completely new revenue stream through the sale of fertiliser. A separate application in
the sewage sector extracts valuable nutrients such as phosphorus and ammonia from
effluents, which are a major pollution risk when discharged into watercourses, and
instead recycles these into biogenic fertiliser products. Net zero carbon fertiliser
production can fit alongside the production of biogas through anaerobic digestion on
water utility sites, drawing on low-value materials from such processes as inputs for
transformation into commercial products.
One of the key public goods in DEFRA’s proposed ELMS criteria is reduction of climate
change. CCm think there are important complementary policies that can strengthen the
objectives of GGR and ELMS. We’d like to emphasise the importance of BEIS and Defra
taking a joined-up approach when determining where GGR could bolster the ambition of
the ELMS proposals and support farmers transition from carbon intensive production
methods.
(v)

Ability to verify removals, taking into account permanence of removals
CCm is currently assessing the Carbon Avoidance and Sequestration offsets with trusted
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industry partners. We aren’t able to share this today but would be happy to speak
to officials about this work once activity is completed.
(vi)

Life cycle emissions
Please see Annex A for an example of the life cycle assessment if CCm’s 20-10-10 Fertiliser.

(vii)

Wider environmental impacts and risks
CCU technologies can have wider benefits beyond carbon reduction.
Extensive trials over six years have demonstrated that CCm’s products are industrymatching, meaning that farmers can select a lower-carbon option without threatening
their yields or paying more.
Recent independent trials of CCm’s fertilisers versus current commercial fossil fuelderived equivalents demonstrated similar yield and protein quality outcomes with around
10% less nitrogen and phosphate applied. While equalling or outperforming conventional
products in terms of yield (crop biomass enhanced by up to 38% - Lake et al. (2019)) and
protein quality, CCm fertilisers vastly exceed them in environmental performance. In
addition to the emissions reduction and recycling opportunities outlined above, field trial
data has demonstrated additional environmental benefits, including:
•
•
•

•
•
•

Enhanced nutrient delivery which targets phosphate and potassium balance at source
to prevent over-application.
Enhanced bio-floral and faunal activity – c. 20% increases in microbial activity, directly
contributing positively to overall soil health.
Enhanced soil water and nutrient retention (of up to 62% - Lake et al. (2019)) close to
the root ball of the plant, contributing to lower nitrogen and phosphate run-off and
therefore reducing pollution of water.
Increased retention of carbon in soil, contributing to improved soil health.
Soil pH increases of c.1 unit – beneficial effects on soil ecosystem services, particularly
in respect of water quality.
With regards to wastewater treatment, CCm’s process is able to use nutrient-rich
sludge digestate or centrate (a waste stream from the dewatering process) as the
source of ammonia, reducing and possibly eliminating the environmental and
financial cost of transporting sludge and biosolids by road to land.

CCm’s technologies are sufficiently advanced that they can be deployed immediately and
the supply chains and delivery mechanisms that currently supply UK agriculture can be
used to deliver them (e.g. CCm pellets can be manufactured with exactly the same
dimensions and characteristics allowing farmers to retain existing equipment and be
assured that there will be no difference in spreading accuracy).
By drawing on end-of-use materials as substantial inputs and involving a low-energy
manufacturing process, CCm has created a range of materials whose sale price is directly
competitive with existing products and which is financially viable on a standalone basis
without reliance on government subsidies or incentives.
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CCU also enables additional environmental benefits by utilising waste streams,
thereby promoting a circular economy
As an example, CCm’s systems produce high value, high performance materials from low
or negative value inputs or feedstocks: the waste component of CCm’s fertiliser is up to
90%, including components which could otherwise have ended up in landfill or discharged
into water courses.
The utilisation of existing resources reduces a) the demand for finite elements such as
phosphorus, and b) the reliance on highly energy-intensive processes, which are usually
involved in fertiliser production. It also allows low value materials and wastes held within
anaerobic digestion or similar operations to be transformed into substantial resources
with real value, providing a financial as well as environmental incentive for sustainability.
This recycling potential for waste streams has particular applications for three key UK
sectors: anaerobic digestion based water and wastewater operations, food manufacturing
and processing, and agriculture.
Key waste ‘feedstocks’ that can be drawn from these industries include carbon, nitrous
and sulphurous oxides, fibrous and particulate organic waste streams, and phosphate and
ammonia-rich solid and liquid waste streams.
For example, with regards to wastewater treatment, the CCm process is able to use
nutrient-rich sludge digestate or centrate – a waste stream from the dewatering process
– as the source of ammonia. This reduces and possibly eliminates the cost (environmental
and financial) of transporting sludge and biosolids to land, while creating a completely
new revenue stream through the sale of fertiliser. A separate application in the sewage
sector extracts valuable nutrients such as phosphorus and ammonia from effluents, which
are a major pollution risk when discharged into watercourses, and instead recycles these
into biogenic fertiliser products.
5. What do you consider to be the main barriers to development and deployment of GGRs?
Please see the answer to question 3 (iv).
6. What principles would you like to see included in a framework for incentivisation of GGRs?
CCm Technologies Ltd. supports the Government’s advocacy of a technology neutral approach. This is
an important factor in delivering a market and innovation led pathway to decarbonisation. However,
it is important the GGR is genuinely technology neutral in its approach and that CCU solutions are
considered alongside CCS.
We would add that the wider economic contributions of technologies should be taken into
consideration to assess the value of GGR to the whole system and CCm therefore supports the
principal of ‘making a wider economic contribution’ in guiding the Government’s decision making.
CCU technologies can unlock revenue from waste streams and bring broader environmental benefits.
For instance, CCU in the agricultural sector could improve the ammonia stabilisation and reduction in
non-carbon greenhouse gas emissions when developing land for biogas use. For this reason, the role
7

CCU could and should play should be considered jointly by BEIS and Defra when forming new
green gas policy.
We also think it is critical that value for money is a key principle in the development of this policy area.
8. How could government best contribute to establishing market conditions for GGRs to be
developed and deployed at a large scale?
In our experience, farmers are ready and willing to introduce sustainable productive practices like
those presented by CCm. In the UK, one of the key barriers to making this change is re-balancing the
existing financial support structure to farmers that effectively encourages them to pollute the air
above their land, the soils within it and the water that leaves it.
Re-focusing support onto biogenically derived resources, which the UK has in abundance could
transform agriculture from one of the most polluting industries into one of the mainstays of our low
carbon future. It is important that as part of the GGR strategy, attention is paid to ensuring industries
are encouraged by a regulatory framework that rewards industries taking the opportunities to remove
carbon emissions that are available today. That’s why we’re supportive of exploration of both the
regulatory and obligations-based activity.
The use of zero carbon fertilisers represents a low-hanging fruit in terms of the achievement of ELMS
objectives and farmers should be rewarded for their use. These products are commercial-ready and
scalable and therefore available to be deployed at the pilot stage of the scheme to support the delivery
of key public goods such as clean air, clean water and protection from environmental hazards.
11. Are there any existing business models in other sectors – such as power, industry, transport or
land use – that could complement new schemes to incentivise GGRs?
CCm’s technology uses captured carbon dioxide from industrial power generators ranging from low
CO2 concentration flue gas from any combustion process to high purity CO2 from biogas separation
procedures. CCm is able to work with numerous industries to reduce their greenhouse gas and carbon
emissions.
Captured CO2 is used in CCM technology to stabilise a wide variety of materials (such as ammonia and
phosphates) from agricultural and industrial waste streams and use these to create new fertilisers
products with significantly lower carbon and resource footprint than those products conventionally.
This commercially available technology can utilise the waste resources of three key sectors helping
contribute to ‘Circular Economy’ efforts and achieving Zero Carbon operations:
•
•
•

Water/Wastewater
Food Manufacture and Retail
Agriculture

18. If the government were to introduce a GGR obligation scheme, which businesses and emitting
sectors could this cover? How could such a scheme be designed to minimise competitiveness
impacts and regressive passed through costs (e.g. to consumers and bill-payers)?
We support the exploration of the GGR obligation scheme provided the scope of the scheme
includes CCU alongside capture and storage technologies. As highlighted above CCU technologies
can already reduce the emissions of the water, food manufacture and retail and agriculture sectors.
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As CCU products like CCm’s technologies exist today and produce competitive high-quality
net zero carbon fertilisers, which are cost-competitive with conventional alternatives, we
would highlight this as an example of the capacity to shift towards net zero production without
passing through higher costs to bill-payers.
26. What principles would you wish to see in any accreditation scheme for negative emissions? How
should the government regulate this? Any evidence relating to best practice of existing negative
emissions MRV is welcomed.
Given the urgency of addressing the climate crisis, it is critical that the regulatory framework does not
restrict innovative solutions that can deliver negative emissions today. Regulation will determine the
success of negative emissions technology in the UK. As such, the regulatory framework needs to be
outcomes focused and agile enough to ensure that all technologies who can contribute to emissions
reduction today are able to participate in the market. Regulation should act as a rule book that enables
technologies to meet the intended objective of emissions reduction without imposing unnecessary,
overly prescriptive burdens on business that prevent the technologies from delivering to their fullest
potential. We would recommend regulation not be designed independently of new innovations, and
instead be driven by the objective of enabling technologies that will have a positive effect on the
planet to scale.
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National Infrastructure Commission
Finlaison House
15-17 Furnival Street
London
EC4A 1AB
Email to: negativeemissions@nic.gov.uk
3 March 2021
Sizewell C Response to the Call for Evidence on Greenhouse Gas Removals
NNB GenCo (SZC) Limited (“SZC”) proposes to construct a twin UK EPR nuclear power station at the Sizewell C
site near Leiston, Suffolk. SZC welcomes the opportunity to provide evidence to the National Infrastructure
Commission on the viability and policy mechanisms for Greenhouse Gas Removal (“GGR”) technologies.
SZC has submitted a bid (as part of a consortium) to the Direct Air Capture and Greenhouse Gas Removal
Innovation Programme, aimed at demonstrating the significant potential to link new nuclear power with an
emerging Direct Air Capture (“DAC”) technology. The considerable benefits of co-locating nuclear power and
DAC primarily arise from the large quantities of heat required for efficiently operating DAC processes.
In generating power from nuclear, around 60% of excess heat is unutilised. As demonstrated through a wide
range of international examples, nuclear power is uniquely well placed to provide large volumes of this low-cost,
low-carbon heat to local communities and industrial processes (and such heat could also be used for the
production of low-carbon hydrogen). In relation to DAC, such volumes of heat can allow DAC processes to
operate more efficiently by:
1.

lowering costs per tonne of CO2 captured;

2.

expanding the potential scale of the role that DAC could play in providing negative emissions;

3.

providing an opportunity to build experience in large-scale DAC which could be utilised on an
international scale; and

4.

offering an opportunity for wider benefits such as local employment and skills development.

We hope this response is helpful and will inform the National Infrastructure Commission and Government as it
considers and develops the required policies and frameworks for GGR options. We would be happy to discuss
any of the elements of our response in further detail should that be helpful.
Yours sincerely,

REDACTED

DETAILED RESPONSES TO THE CALL FOR EVIDENCE
Evaluation of GGR Technologies
1.

What technological approaches do you consider fall under the two categories of GGR technologies
covered by this study of BECCS (including biogenic waste with CCS) and DACCS? Are there any others
that we should consider?
In order to deliver a net zero economy, GGR technologies ought to include a mixture of engineeringbased approaches (with DACCS and BECCS being the most developed options) and nature-based
approaches. In particular, within the engineering-based approach of DACCS, it is important to consider
the wide-ranging benefits and synergy that can be generated from integrating GGR technologies with
other low-carbon technologies.
Nuclear power from new nuclear projects is one such low-carbon technology that could be utilised to
help GGR technologies achieve their potential. This is because around 60% of excess heat in the nuclear
process is currently unutilised. This low-cost, low-carbon heat could power a low-temperature direct
air capture (DAC) plant to significantly increase the efficiency of the carbon capture process. Indeed,
SZC aims to showcase the symbiotic relationship between nuclear power and DAC and has submitted a
bid (as part of a consortium) to the DAC and GGR Innovation Programme (the BEIS GGR Competition).
Combining GGR technologies with the low-carbon heat provided by nuclear power, enables the
following benefits:

2.

1.

Cost-effectiveness – Nuclear power plants provide the cheapest source of low-carbon heat
according to a recent study by Columbia University. 1 Heat from the nuclear power process has
the potential to do away with electrical energy consumption seen with existing DAC
technologies (where electrical fans are used to drive air volumes). This could translate into
significant savings in energy-related cost per ton-CO2 captured.

2.

Scaling – DAC technology would benefit from not only the uniquely reliable heat supply from
nuclear power plants but also the scale that nuclear projects provide. This access to significant
volumes of low-carbon heat will open opportunities to scale the DAC technology at a quicker
rate.

3.

Wider impacts – DAC technology would benefit from the economies of scale associated with
nuclear power plants. For example, DAC technology would benefit from the existing UK-based
nuclear supply chain and it will retain knowledge within the UK and allow for replication of
DAC technology at future nuclear power plants. Further, deploying DAC technology alongside
a nuclear power plant would also bolster the growth of high-quality DAC employment
opportunities.

What are the constraints (beyond funding) to the potential size of a UK-based GGR industry? At what
point do these constraints come into effect and impact the development of adequate capacity to
meet the net zero ambition? Constraints could include requirements for inputs, e.g. sustainable
biomass, and infrastructure and accounting requirements.
A significant input constraint to the potential size of a UK-based DAC industry is the availability of lowcarbon heat sources that are capable of delivering the significant quantities of heat required at low
cost.

1

S.J. Friedmann, Zhiyuan Fan, and Ke Tang, Low-carbon Heat Solutions for Heavy Industry: Sources, Options, and Costs Today, Centre on
Global Energy Policy, Columbia University SIPA (October 2019).
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Sizewell C is exploring a potential integration between new nuclear power stations and GGR technology
such as DAC that can efficiently utilise the heat source from a nuclear power plant. Sizewell C could
enable the potential to scale-up DAC to the Megatonne scale with only a small proportion of the plant’s
heat diverted to this activity. The synergies between DAC and nuclear power plants highlight the
benefits of considering new nuclear power stations together with a GGR deployment strategy in the
UK.
Market mechanisms and policy frameworks
3.

What are the current barriers to deploying GGR technologies at scale in the UK?
SZC has engaged with many developers of DAC technologies as part of our research into synergies
between nuclear power and DAC, and as part of our participation in the BEIS GGR competition. Through
our discussions with DAC technology developers, we have identified that one of the most significant
barriers (beyond funding) to enabling a large-scale UK-based DAC industry is the lack of demonstrated
and deployable DAC technology.
Although there are a handful of DAC developers that can already deploy technology commercially,
these were not UK-based and it was clear from our research and discussions that most were in early
stages of DAC development (TRLs between 1-4). SZC has also noted through its discussions with DAC
developers that the uncertainty of the structure and economics of a future CO 2 capture market is a
constraint to attracting investment to deploy DAC technology within the UK.

4.

Can these barriers be overcome in time through delivery of new government policy mechanisms? If
yes, what policy do you consider could be applied, why and by when? If no, what other actions are
necessary and by whom?
Yes. In the short term, for GGR demonstrator projects, we consider that grants or contract-based
initiatives would be the most beneficial. This is because they enable crucial early-stage research and
will enable pilot projects to be as innovative as possible. It is worth noting that entry into the recent
BEIS GGR demonstrator competition was restricted to technologies which had already achieved TRL 4.
Consideration could be given to opening up a separate lot or scheme for less mature technologies (i.e.
those below TRL 4).
In the longer-term, once the GGR projects are more mature, we consider that market-based policies
could be contemplated. This is because the GGR projects would become more investable, revenue
streams would be more certain, and risks to investors would become smaller or mitigated. To further
instil confidence in investors and market-based policies, the Government could: (i) publish a range of
possible business models for different types of GGR technologies, or (ii) develop confidence in markets
for carbon dioxide-related products, such as the hydrogen market to produce synthetic fuels (using
both hydrogen and carbon dioxide), or the market for reinforced concrete.

5.

Are there existing policies that will need to be adjusted to enable the development and deployment
of the different GGR technologies?
The Government could improve access to the GGR market by adjusting existing support schemes
suitable for novel technologies, such as the BEIS GGR Competition. Such schemes could be widened to
support development of novel GGR technologies from academic concepts to demonstration stage,
particularly as many early-stage technologies would not qualify for the BEIS GGR Competition (given
entry was restricted to technologies which had already achieved TRL 4). Consideration could be given
to opening up a separate lot or scheme for less mature technologies (i.e. those below TRL 4).
The Government could also adjust existing policies and business models in the markets that are
complementary to DAC. For example, Government could consider and coordinate the construction of
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combined DAC and new nuclear power infrastructure, or it could alter existing policies and business
models in the hydrogen, or synthetic fuel markets to encourage the use of captured CO2.
6.

What principles should guide the design of a funding framework for GGR infrastructure to ensure
fairness in paying for the costs of deploying and operating this infrastructure and address
distributional impacts challenges?
The guiding principles for a funding framework should address the needs of both early-stage developers
as well as those with demonstrated technologies looking to scale-up or deploy. Therefore, grants and
payment schemes could each be useful and suitable to support and incentivise the development and
deployment of DAC, depending on the maturity of technology.
Grants could be effective to encourage the development and demonstration of novel DAC technologies
as both the competition for investment capital and the risks to the operational market are reduced.
Payment mechanisms per tonne of CO2 captured on the other hand, would be more suitable for
incentivising the deployment of more mature DAC technologies that have already been demonstrated
to function as intended. For these types of DAC technologies, relative certainty on deployment and
operating costs would already exist – however the exposure to an unknown future CO2 market remains.
A payment mechanism per tonne of CO2 would reduce uncertainty over the future market exposure
and encourage private sector investment to manufacture and operate DAC plants.
We believe technologies that have the potential to be scaled to the Megatonne scale (and those that
are powered by low-carbon technologies) should be prioritised in the policy framework in order to
concentrate resources on technologies that can make a substantial contribution towards
decarbonisation.

7.

What policy mechanisms could be used in the short term to catalyse the initial deployment of GGR
technologies?
We have proposed short and long-term policy mechanisms to catalyse the initial deployment of GGR
technologies in our response to Question 4 of this call for evidence.

8.

Is there evidence of lessons from other sectors or countries that can inform the development of the
policy framework for GGR technologies in the UK?
Yes, a regulated asset base (RAB) model – as widely used on infrastructure assets – could be a suitable
business model to encourage investment into GGR technologies such as DAC. This is because a RAB
model provides access to a lower cost of capital whilst achieving outcomes which are in the interests
of consumers and taxpayers. A RAB model could also encourage the development of DAC for purposes
other than storage, such as production of synthetic fuels.
An alternative to a traditional RAB model could be an availability payment mechanism. A business
model of this type would similarly reduce exposure to the future carbon capture and related markets.

Development and deployment
10. Are there parts of the end-to-end GGR delivery chain that only government can provide, or will
adequately designed market mechanisms be enough to unlock the delivery chain?
Government support will be necessary to unlock the delivery chain, as GGR technologies are still in the
early stages of development and give the need to rapidly scale so as to deliver a net zero economy by
2050.
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At the innovation stage of the GGR delivery chain, Government ought to incentivise innovation. This
could be achieved through providing, for instance, more seed funding or launching more innovation
competitions. As explained in our responses to earlier questions, we also note the need to incentivise
the collaboration and synergies between GGRs and relevant low-carbon technologies, and to recognise
new nuclear projects as falling within the latter category.
At the funding and markets stage of the GGR delivery chain, Government could play a role in making
GGR projects more investable and revenue streams more certain. To further instil confidence in
investors and market-based policies, the Government could: (i) publish a range of possible business
models for different types of GGR technologies, or (ii) develop confidence in markets for carbon
dioxide-related products, such as the hydrogen market to produce synthetic fuels (using both hydrogen
and carbon dioxide), or the market for reinforced concrete.
At the project delivery and infrastructure stage of the GGR delivery chain, Government is uniquely well
placed to support the required infrastructure for GGR. This includes pipelines, storage facilities (e.g.
underground storage), and planning permissions for the siting of GGR technologies. Infrastructure can
be supported by policies, legislation and public sector finance.
11. What comparative advantage might the UK have in developing and deploying GGR technologies or in
any future global market for negative emissions?
The UK has multiple comparative advantages in developing and deploying GGR technologies.
First, the UK has already benefitted from quick Government action. This is mainly in the form of the
DAC and GGR Innovation Programme (and the funding available via the same) and the calls for evidence
issued by BEIS to inform new policies. The Government is cooperating with the private sector and is
focussed on creating an ideal environment for innovative GGR technologies to develop.
Second, the UK has the geographical advantage of being located next to the North Sea, which provides
natural CO2 storage opportunities (in addition to the UK being able to call upon the expertise and
knowledge of an experienced oil and gas sector).
Third, the UK is home to markets that could be complementary to GGR technologies. For example, there
are British companies that are looking to react waste products with captured CO2 to make aggregates
for construction (O.C.O Technology2), or are developing ways to combine captured CO2 with waste
straw and methane to make a crumbly soil enriching fertiliser (CCM Research 3). The potential revenue
stream these complementary markets could produce for GGR technologies might prove crucial in
attracting private sector investment and achieving economic viability.
Fourth, in the UK, there are wide-ranging benefits and synergies that can be generated from integrating
GGR technologies with other low-carbon technologies. New nuclear power in the UK, such as Sizewell
C, in particular could help GGR technologies achieve and indeed enhance their potential. This is because
nuclear energy can provide significant quantities of low-cost, low-carbon heat that could power a lowtemperature direct air capture plant to significantly increase the efficiency of the carbon capture
process. The benefits of this to GGR technologies include increased cost-efficiency (significant savings
in energy-related cost per ton-CO2 captured), scaling opportunities to increase the DAC technology at
a quicker rate, and access to the economies of scale associated with nuclear power plants. In addition,
GGR technologies would benefit from the experience of the existing UK-based nuclear supply chain
because it will retain knowledge within the UK and allow for replication of DAC technology at other
nuclear power plants. Indeed, SZC aims to showcase the symbiotic relationship between nuclear power
and DAC and has submitted a bid (as part of a consortium) to the DAC and GGR Innovation Programme

2

Oco Technology, Our Sustainable Construction Products, available at: https://oco.co.uk/sustainable-construction-products/ (accessed on
2 March 2021).
3
CCM Research, Our Technology, available at: https://ccmtechnologies.co.uk/technology (accessed on 2 March 2021).
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(the BEIS GGR Competition). Further, Sizewell C’s location close to the Southern North Sea is another
key advantage, which it can utilise to deliver DAC at scale.
12. What do you consider to be the regional impacts of deploying GGR technologies at scale? This should
cover both positive and negative impacts.
DAC is considered a high-tech technology and its deployment can kick-start a chain of high-quality
employment opportunities. Based on figures within a recent independent report conducted by the
Rhodium Group4, looking at employment opportunities created by DAC projects (in the US), a
commercial Megatonne scale DAC unit (integrated with SZC) could create c. 300 jobs to run, maintain
and operate the DAC plant and c. 3,500 over the lifecycle including construction (in addition to the
significant employment opportunities created by the Sizewell C power plant itself).
In addition, the construction of a scaled-up DAC plant in conjunction with a nuclear power plant such
as SZC enables the DAC developer to draw upon an existing supply chain that is focused on UK and
regional content not only retaining economic opportunities within the UK, but also playing a role in
boosting the UK economy and providing it a technological advantage in the international landscape.
Indeed, the benefits to the UK can be further enhanced through integrations with future nuclear power
plants where even larger quantities of heat could be dedicated to DAC, helping the UK offset emissions
for difficult-to-decarbonise sectors (such as aviation) and achieve its Net Zero ambitions.

4

Rhodium Group, Capturing New Jobs and New Business: Growth Opportunities from Direct Air Capture Scale-Up, available at:
https://rhg.com/research/capturing-new-jobs-and-new-business/ (accessed on 2 March 2021).
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NIC Call for Evidence on Greenhouse Gas Removal Technologies
Evaluation of GGR Technologies
• What technological approaches do you consider fall under the two categories of
GGR technologies covered by this study of BECCS (including biogenic waste with
CCS) and DACCS? Are there any others that we should consider?
• What are the constraints (beyond funding) to the potential size of a UK-based GGR
industry? At what point do these constraints come into effect and impact the
development of adequate capacity to meet the net zero ambition? Constraints could
include requirements for inputs, e.g. sustainable biomass, and infrastructure and
accounting requirements.

Constraints to BECCS
Biomass electricity is already increasing our carbon emissions 1 through land use change
and foregone sequestration (the future carbon sequestration lost when trees are felled), as
well as at the smokestack. Logging reduces the amount of carbon stored in trees and soils
over a period of at least decades. Scaling up BECCS would multiply these impacts even if
CO2 emissions were successfully captured.
It would be irresponsible to rely on a technology that is so far from being developed at
scale and, even if it was to become viable, runs the risk of doing significant damage to
biodiversity and to the climate.
BECCS is an extremely speculative technology. The only BECCS trial currently operating
in the UK and indeed all of Europe is at Drax Power Station, which aims to capture one
tonne of CO2 per day (365 tonnes of the approximately 13 million it emits annually) and
release it again2 – there is no “storage” happening. Drax has failed to answer questions as
to whether they are currently even managing to achieve this amount of carbon capture. It
is extremely unlikely that the technology for BECCS will be ready to use and scale up to
the extent needed in time to meet our commitments under the Paris treaty. Other than CO2
capture from ethanol fermentation3 – a very different process – we could find no examples
of BECCS operating at scale anywhere, at least not in Europe or North America.
1 http://www.pfpi.net/wp-content/uploads/2018/04/UPDATE-800-signatures_Scientist-Letter-onEU-Forest-Biomass.pdf
https://easac.eu/media-room/press-releases/details/emissions-trading-system-stop-perverse-climateimpact-of-biomass-by-radically-reforming-co2-accounting-rules/
2

https://www.drax.com/press_release/world-first-co2-beccs-ccus/ ; https://www.chemistryworld.com/news/biomasscarbon-capture-pilot-points-to-a-new-sector-whose-time-has-come/3010037.article

3 https://www.globalccsinstitute.com/wp-content/uploads/2019/03/BECCSPerspective_FINAL_18-March.pdf
https://www.carbonbrief.org/analysis-negative-emissions-tested-worlds-first-major-beccs-facility

Post-combustion carbon capture (which Drax would have to rely on) depends on the
efficient use of solvents, however, those have so far been developed and tested in relation
to flue gases from fossil fuel combustion and other industrial processes. Flue gases from
biomass combustion has different chemical properties, therefore, existing carbon capture
technology cannot simply be inserted into a biomass plant. Furthermore, capturing and
compressing CO2 is energy intensive, which means that even more biomass would be
burned to generate the same amount of energy. Drax power station, which achieves
around 38% net efficiency at present might lose up to one-third of this if post-combustion
carbon capture was successfully installed, pushing net efficiency potentially below 30%.
One third more trees would be required to generate the same amount of electricity.
For BECCS to play a role in climate policies, it would have to be applied on a large scale –
requiring an enormous amount of land and substantial impacts on forests, land use
and/or residues removal. The UK simply does not have the amount of land required, so
we would rely on imported fuel and all its accompanying problems. Currently, the UK
imports around 8 million tonnes4 of wood pellets every year to burn in power stations
(primarily Drax), with knock-on effects on biodiversity5 and environmental justice6 in the
areas these pellets are sourced from.
All CCS is expensive and energy intensive, and BECCS even more so. Vast amounts of
money have already been put into research on CCS from fossil fuels, by governments and
companies, with minimal results in terms of actually storing any carbon. For example the
Kemper “clean coal” carbon capture plant owned by Mississippi Power/Southern
Company, which closed in 2018 after failing to capture any CO2 at all, had costs of $7.5
billion, over 200% of what was originally predicted.7 The Petra Nova CCS plant, the only
one of its kind in the US, closed in early 2021. This plant was so energy intensive that it
required another gas-fired power station – whose emissions were not captured – to fuel it. 8
As BECCS is more complicated than CCS from fossil fuels, it will be more expensive to
achieve, both in terms of financial cost and energy required. The US government alone
sank $5 billion into research into Carbon Dioxide Removal technologies in 2010-18. 9 The
UK government has already committed £1 billion to establish four CCUS clusters by 2030;
it is vital that we do not waste any more public money on a technology that has been
proven to be difficult, expensive, and cause more problems than it solves.
Sekera and Lichtenberger (2020) point out that CCS “can not reduce the stock of
atmospheric CO2 since it can not store more than it captures”.10
Numerous potential leakage pathways have been identified throughout the history of
research into carbon sequestration. Because of the diverse nature of geological formations,
minor CO2 leakage along faults, old production wells, or other pathways will persist and
be difficult to seal completely by other trapping mechanisms, such as carbonate
mineralisation.
There is also a risk of leakage after CO2 reacts with water when it is injected underground
and acidifies it. This can degrade cement well plugs, especially if older wells are being
4
5
6
7
8
9
10

http://www.globaltimber.org.uk/pellets.htm
https://www.southernenvironment.org/uploads/publications/Biomass_Biodiversity_white_paper.pdf
https://www.liebertpub.com/doi/10.1089/env.2017.0025
https://mspolicy.org/two-years-since-kemper-clean-coal-project-ended/
https://earther.gizmodo.com/the-only-carbon-capture-plant-in-the-u-s-just-closed-1846177778;
https://ideas.repec.org/a/spr/bioerq/v5y2020i3d10.1007_s41247-020-00080-5.html
https://ideas.repec.org/a/spr/bioerq/v5y2020i3d10.1007_s41247-020-00080-5.html

used. Further studies have been conducted in other intensively drilled areas, such as the
Wabamun Lake area of Alberta in Canada, and these show how large numbers of existing
oil and gas wells can lead to complex leakage patterns, across multiple geological
formations.11 Other studies have shown that CO2 gas can migrate rapidly from depth, and
when established, flow paths are able to stay open, longer-term trapping mechanisms are
not taking place rapidly enough to ensure containment. Under these conditions, CO2
migration could occur rapidly, over large distances, and over long periods of time. 12
Another issue is the actual potential for geological storage at sites considered suitable for
sequestration, with estimates of reservoir potential often being significantly reduced. A
2015 study13 suggested that the chemistry of geological sequestration and the trapping
mechanisms involved, are actually poorly understood. In particular, it showed that only a
small fraction of the injected CO2 is likely to be trapped through being physically
converted to solid minerals, whereas previously it had been assumed that far greater
proportions would be.
A final issue is the monitoring of storage sites, and whether monitoring is in fact effective
and reliable. Fundamentally, CO2must be stored underground on geological timescales–
i.e. thousands of years. But monitoring of storage sites can only take place concurrently
with CO2 injection. Furthermore, the highly unpredictable nature of the movement of CO2
in geological formations, and its effects on the surrounding features, even in the best
understood and explored formations, has already been highlighted many times.
Further, we are concerned that in some of the discussions around BECCS, including at the
current trial at Drax, the ideas of usage and storage are conflated. Drax’s current BECCS
trial has suggested “uses” for the captured carbon including beer fizz14 and greenhouses,15
which are not storage and cannot be considered Greenhouse Gas Removal as the captured
carbon will return to the atmosphere.
The land use change required for a large-scale roll-out of BECCS would exacerbate the
ongoing damage to forest ecosystems and public health impacts already caused by
sourcing wood pellets for biomass. The UK already burns more wood for electricity each
year than it can produce (primarily at Drax Power Station), so most of this impact is
currently felt elsewhere. Drax Plc was recently fined for repeated air quality breaches at its
Amite pellet mill in Mississippi16, and the biomass industry has previously been criticised
for a pattern of air quality violations.17
If biomass was to be sourced domestically, this would compete with land for food
production – causing either a greater intensification of agriculture or a reduction in
11 The Role of Existing Wells as Pathways for CO 2 Leakage 2010. Celia, M. Search and Discovery Article
#80093. 2010
12 Natural Leaking CO2-charged Systems as Analogs for Geologic Sequestration Sites.

Evans, J. et al., 2004
13 Mechanisms for mechanical trapping of geologically sequestered carbon dioxide.
Cohen, Y. and Rothman, D., Proc. R. Soc, 2015; https://news.mit.edu/2015/carbondioxide-sequestration-doubts-0120
14 https://www.drax.com/press_release/drax-help-keep-fizz-drinks-sector/
15 https://www.drax.com/press_release/drax-secures-500000-innovative-fuel-cell-carbon-capture-study/
16 https://www.dogwoodalliance.org/2021/02/release-drax-facility-fined-2-5m-for-major-pollution-violations/
17 https://www.environmentalintegrity.org/wp-content/uploads/2017/02/Biomass-Report.pdf

agricultural output. This latter impact would necessitate an increase in food imports which
would in turn lead to an increase in emissions. An intensification of agriculture in
combination with monoculture biomass plantations would significantly damage
biodiversity due to the conversion of biodiverse forests to plantations and the heavy
reliance of both processes on agrochemicals. It also risks resulting in significant additional
emissions of nitrous oxide, a much more powerful ghg than CO2 considered over a
hundred year period, as well as resulting in soil carbon losses. A number of scientists have
highlighted the problems with assuming we can use a large proportion of the earth’s land
for bioenergy crops.18
Finally, relying on the future promise of BECCS to meet our commitments under the Paris
treaty will involve doing essentially nothing while the earth keeps getting hotter. Relying
on BECCS becoming viable at some point in the future would mean supporting projects
that claim to be “carbon capture ready” for when the technology comes online, but may
never capture a single gramme of CO2. Retaining a false hope that “negative emissions”
will remove carbon from the atmosphere in the future risks further delaying meaningful
action on climate change.
The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) recently stated that “Nature’s dangerous decline is unprecedented, but it is not too
late to act.”19 A tangible way of acting on this would be to work to phase out, not increase,
our use of biomass – a technology that already relies on the felling of millions of tonnes of
trees every year.

Constraints to DACCS
DACCS still remains largely unproven. Major players in the field include Carbon
Engineering, Climeworks and Global Thermostat. CarbonEngineering has a pilot plant in
Canada, and plans for a first commercial scale project to be constructed in the Permian
Basin. Climeworks has piloted its technology, commissioned a commercial scale facility,
and raised significant finance, including for a facility in Iceland to capture and store 4000
tonnes of CO2 annually. Global Thermostat meanwhile has two pilot plants, and recently
won significant support from ExxonMobil to scale up a larger facility.
Like BECCS, scaling up DACCS to a level that would remove billions of tonnes of CO2 –
enough to impact global atmospheric CO2 levels – would require rapid construction of
massive infrastructure and the materials and land area for that infrastructure.
CO2 comprises only a small component of ambient air (unlike more concentrated streams
of CO2 from power stations, refineries etc). Because it is relatively dilute, a very large
amount of air must pass through equipment for capture of any significant quantity of CO2.
Separation of the CO2 from the sorbent and processing for injection into storage sites is
energy/heat intensive. Some estimates, based on modelling studies, anticipate up to 300
Exajoules per year of energy input would be required for DACCS by 2100 if it were to be
scaled up.20 That is about half of current overall global energy demand. Developing such
18

https://science.sciencemag.org/content/354/6309/182; https://www.nature.com/news/emissions-reductionscrutinize-co2-removal-methods-1.19318; https://www.pik-potsdam.de/en/news/latest-news/biomass-plantationsnot-compatible-with-planetary-boundaries
19 http://www.ipsnews.net/documents/IPBES_special_report_250920.html
20 https://www.nature.com/articles/s41467-019-10842-5; https://www.nature.com/articles/s41467-020-17203-7.pdf

an energy intensive technology – to remove CO2 from energy production (and other
sources) – makes little sense. Even if renewable energy is used to power DACCS, the
demand for such vast amounts of energy would require construction and materials for an
unimaginably vast energy and capture infrastructure, and all at an extraordinarily rapid
pace if it is to address climate change on a meaningful timeframe and scale.
In part due to the very high energy and infrastructure demands, DACCS is costly with
estimates ranging wildly from $100-1000 per tonne of CO2 captured. Currently there are
no policy supports or subsidies that contribute to these costs (hence sale of captured CO2
for use in EOR is attractive to offset expenses). Recent research suggests that DACCS could
cost as much as £540/tCO2 captured.21

Market mechanisms and policy frameworks
• What are the current barriers to deploying GGR technologies at scale in the UK?
• Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by
when? If no, what other actions are necessary and by whom?
• Are there existing policies that will need to be adjusted to enable the development
and deployment of the different GGR technologies?
• What principles should guide the design of a funding framework for GGR
infrastructure to ensure fairness in paying for the costs of deploying and operating
this infrastructure and address distributional impacts challenges?
• What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
• Is there evidence of lessons from other sectors or countries that can inform the
development of the policy framework for GGR technologies in the UK?

See our answer above for constraints to developing BECCS and DACCS. These barriers are
fundamental and cannot be overcome by government policy. There are no examples of the
technologies under consideration having worked at scale anywhere in the world. This is
why we should focus on proven and existant methods for addressing GHG emissions.
The large scale development and deployment of GGR technologies is the wrong approach,
so we don’t favour supporting these technologies through policy or financial frameworks.
Instead, we would like to see more support for restoration and natural regeneration of
biodiverse ecosystems, including healthy soils. BECCS and other NETs have been shown
to be expensive and inefficient, and to severely risk making the climate crisis worse,
because of the amount of emissions involved in getting these technologies set up, the years
wasted in doing nothing to actually reduce our emissions while we wait for these
technologies to work, and, in the case of BECCS, because of the amount of land and trees
required and the emissions through foregone sequestration. If the Government is serious
about wanting to address the climate crisis and meet our commitments under the Paris
Treaty it should move away from all dirty high-carbon energy including all fossil fuels and

21 https://ukerc.ac.uk/project/bioenergy-with-ccas/

biomass electricity, and work with communities to protect and restore natural ecosystems
both in the UK and overseas.
Clearcutting forests for wood pellets undermines the greenhouse gas removal and carbon
capture capacity of those forests. Halting these practices (for example in Estonia, 22 the
Southern USA,23 and Canada,24 where pellets burnt in the UK are currently sourced) must
be prioritised over any attempts at greenhouse gas removal which risk increasing demand
for wood. Without addressing the damage to forests and biodiversity currently occuring,
we can see no value in rolling out greenouse gas removal technologies. As 800 scientists
wrote to the EU government in 2018:
“Even if forests are allowed to regrow, using wood deliberately harvested for burning will increase
carbon in the atmosphere and warming for decades to centuries –as many studies have shown –even
when wood replaces coal, oil or natural gas. The reasons are fundamental and occur regardless of
whether forest management is ‘sustainable.’”25
We would oppose any market-based approach to negative emissions. Emissions trading
has been described as “a license to carry on polluting”,26 and we have no reason to believe
it would be any more effective if linked to negative emissions. In January 2021, 47
academics and experts wrote to Mark Carney, UN special envoy for climate action and
finance, and Boris Johnson’s finance advisor for COP 26, to highlight the problems with his
Taskforce on Scaling Voluntary Carbon Markets.27 Rather than the introduction of more
market-based mechanisms to manage carbon emissions, we need to drastically cut our
emissions and our reliance on dirty high-carbon power, and to protect and restore
biodiverse ecosystems.
Payment schemes for GGRs could risk a lot of money being wasted on technologies that
are not going to work and which, if they did work technically, could make climate change
even worse even faster. There are already carbon accounting problems with bioenergy, 28 so
introducing financial payments for carbon stored by BECCS would risk replicating these
on a massive scale, and potentially unleashing more damage on forests. Searchinger et al
(2009) warn:
“Several recent studies estimate that this error, applied globally, would create strong incentives to
clear land as carbon caps tighten.”

22
23
24
25

https://media.voog.com/0000/0037/1265/files/Biomass_report_ENG%20_2020.pdf
https://www.nrdc.org/media/2019/190618
https://www.stand.earth/forest-conservation/forests-and-wood-pellets
http://www.pfpi.net/wp-content/uploads/2018/04/UPDATE-800-signatures_Scientist-Letter-on-EU-ForestBiomass.pdf
26 http://www.newscientist.com/article/mg19225805.900-a-licence-to-carry-on-polluting.html
27 https://greenfinanceobservatory.org/wp-content/uploads/2021/01/Scaling-up-GFO-analysis-final4.pdf

28 https://www.pfpi.net/wp-content/uploads/2011/03/Searchinger-et-al-2009.pdf

Development and deployment
• Considering the current level of development of relevant technologies, from an
engineering and planning perspective, how long would it take to get these
technologies to the stage of being able to be deployed? And to the stage for
construction of plants? Are there parts of the end-to-end GGR delivery chain that
only government can provide, or will adequately designed market mechanisms be
enough to unlock the delivery chain?
• What comparative advantage might the UK have in developing and deploying
GGR technologies or in any future global market for negative emissions?
• What do you consider to be the regional impacts of deploying GGR technologies at
scale? This should cover both positive and negative impacts.
See our answers to section one for information on the current level of development of
these technologies, and how far from being scaleable they are. We need to reduce our CO2
emissions and to protect and restore ecosystems, including healthy soils. Considering the
current level of development of BECCS and DACCS, and their potential to cause further
harm to the climate and biodiversity in the time we have to reduce our CO2 emissions,
putting effort and public money into developing and funding these technologies is the
wrong approach.
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CCSA Response to the National Infrastructure Commission
Greenhouse Gas Removal Technologies Study: Call for Evidence
5th March 2021
The Carbon Capture and Storage Association (CCSA) is pleased to provide a response to the
National Infrastructure Commission’s call for evidence on Greenhouse Gas Removals
Technologies (GGRs). The CCSA brings together a wide range of specialist companies across the
spectrum of Carbon Capture, Utilisation and Storage (CCUS) technology, as well as a variety of
support services to the energy sector. The CCSA exists to represent the interests of its members
in promoting the business of CCUS and to assist policy developments in the UK, EU and
internationally to support the commercial deployment of CCUS
The CCSA welcome the GGR call for evidence from the NIC as the UK moves into a critical decade
for the deployment of technologies which can enable the UK to reach net zero. In order to achieve
BECCS and DACCS at scale by 2050 there are three key actions required in the early 2020s:
1. Ensure CCUS clusters can deploy in the 2020s. By ensuring CCUS clusters can deploy,
BECCS and DACCS projects will be able to contribute to the economies of scale clusters
provide and have access to critical CO2 infrastructure.
2. Introduce an ambitious GGR policy in the 2020s to ensure that GGR deployment can occur
at scale from 2030. By 2050 an engineered GGR sector will be required to permanently
remove over 50Mt of CO2 per year. It is important that Government GGR policy is as
ambitious as possible in the 2020s to ensure an industry can scale-up rapidly in the 2030s.
3. Accelerate the business models for BECCS and DACCS. Good progress has been made on
other aspects of CCUS business models (TRI model, Dispatchable Power Agreement,
Industrial Carbon Capture contract). It is critical that GGR business models are
accelerated in line with other CCUS business models. With many CCUS projects looking to
move into FEED in 2021/22, it is critical that all sectors in a CCUS cluster understand
proposed investment framework, without which projects may not be able to progress.
The UK has an opportunity to be an international leader in GGRs. The implementation of a
robust GGR framework and supportive policy will not only accelerate the deployment of GGRs
domestically, but it would also be a world first and could set a high standard for other nations to
follow. In a year when the UK hosts the 26th United Nations Climate Change Conference, it is an
opportune time to set an ambitious GGR target, showcase world leading UK projects, and
publish a GGR roadmap to net zero and beyond.
The CCSA have also submitted the response to the BEIS GGR call for evidence to the NIC
alongside this response. This contains more detail on the potential market mechanisms and
support policies required for engineered GGR technologies, including how these could shift over
time.

1. What technological approaches do you consider fall under the two categories of GGR
technologies covered by this study of BECCS (including biogenic waste with CCS) and
DACCS? Are there any others that we should consider?
As recently highlighted in the Climate Change Committees 6th Carbon Budget Advice, BECCS
covers many potential applications of biomass, all of which are at different TRL levels, and may

require different policy levers to deploy over time1. Technologies which fall under GGRs for
BECCS and DACCS include2 3 4 5:
•
•
•
•
•
•
•
•
•

CO2 capture on bioenergy power production (including CHP)
CO2 capture on ‘biohydrogen’ production (for example from gasification of biomass
with CCS or from reformation of biogas with CCS)
CO2 capture on energy-from-waste6
CO2 capture on anaerobic digestion
CO2 capture on biofuel production (for example from gasification of waste and FischerTropsch synthesis
CO2 capture on biomethanol/ethanol production
CO2 capture on bioenergy fuelled industrial combustion (e.g., biogas use in glass
production with CCS)
Direct air CO2 capture using regenerative liquid-based sorbents
Direct air CO2 capture using solid sorbents

As highlighted above, there are many different ‘subcategories’ of GGR technologies which all
have different characteristics, including different production methods, TRL, applications and
pathways to reach commercial scale deployment.

2. What are the constraints (beyond funding) to the potential size of a UK-based GGR
industry? At what point do these constraints come into effect and impact the
development of adequate capacity to meet the net zero ambition? Constraints could
include requirements for inputs, e.g. sustainable biomass, and infrastructure and
accounting requirements.
Outside of funding support, the underlying business models both for GGRs and wider CCUS
business models, there are three main constraints to the growth of a UK-based GGR industry:
1. The growth of a CCUS sector in the UK
As noted in the CCC sixth carbon budget advice, national infrastructure strategy and in
the BEIS GGR call for evidence, the success of a UK engineered GGR sector is linked to the
success of a wider CCUS sector in the UK. Without a mixture of industries contributing to
economies of scale for CO2 networks, a GGR sector will struggle to establish alone. As
such it is critical that CCUS clusters can progress in the 2020s, to enable GGR
opportunities to be realised.
Climate Change Committee, 2020 The Sixth Carbon Budget: The UK’s path to Net Zero.
Available at: https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-TheUKs-path-to-Net-Zero.pdf
2 International Energy Agency, 2020. ETP, Clean Energy Technology Guide.
Available at: https://www.iea.org/articles/etp-clean-energy-technology-guide
3 International Energy Agency, 2020. Energy Technology Perspectives (pg 109 & pg 121)
Available at: https://www.iea.org/reports/energy-technology-perspectives-2020
4 S Hovorka & P Kelemen, 2021. The Building Blocks of CDR Systems: Geological Sequestration. CDR
Primer, edited by J Wilcox, B Kolosz, J Freeman.
Available at: https://cdrprimer.org/read/chapter-2#sec-2-1
1

5

GCCSI 2021. Carbon removal with CCS technologies. Available at: https://www.globalccsinstitute.com/wpcontent/uploads/2021/01/Carbon-Removal-with-CCS-Technologies-Global-CCS-Institute-2.pdf

IEAGHG 2020. CCS on Waste to Energy. Technical Report December 2020. Available at:
https://ieaghg.org/publications/technical-reports
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2. The deployment of GGRs across a portfolio of projects in the 2020s
It is critical that GGRs begin to deploy in the 2020s. Not only can GGRs provide early
volumes of CO2 to contribute to CCUS cluster economies of scales, but the early
deployment can develop vital early operational experience which can:
•
Grow UK expertise in operating GGR technologies
•
Stimulate innovation in GGR technologies, reducing costs and attracting inward
innovation investment
•
Build a UK skills base in GGRs which can be exported internationally
•
Develop a UK GGR supply chain specialising in GGR technology
3. A GGR strategy and roadmap to at scale deployment
The CCC estimate that the UK will require up to 112Mt of CO2 engineered GGR per year
in 2050, with a substantial ramp up in GGR deployment from 2030. As such, it is
important that an industry can develop in the 2020s which can enable the rate of change
required in the 2030s. Points highlighted above can establish an GGR sector in the
2020s, however it is important that Government can signpost to industry how a GGR
sector will develop at scale in the 2030s, this should include:
• GGR targets which are complementary to CCUS storage targets (such as the
10Mt CO2 stored per year CO2 storage target in the 10-point plan)
• Milestones and interim milestones out to 2050 for the engineered GGR
technologies and sectors
• A GGR strategy and 2050 roadmap which can provide a route to market for GGR
technologies, including those sites not immediately in CCUS clusters (also
known as dispersed sites).
The CCSA note that access to sustainable biomass is finite, both now and in the future7. As such,
it is vital that CCS is used to deliver the maximum benefits of using the finite biomass supply in
delivering net zero. Therefore, using biomass with CCS should be prioritised over unabated use
of the same sustainable biomass.
Finally, for engineered GGRs using BECCS and DACCS accounting and verification of CO2
removals will confirmed by the volumetric metering of CO2 captured at the facility and shouldn’t
be considered a limitation. Initiatives such as the greenhouse gas protocol and the sciencebased target initiatives are also introducing wider GGR accounting framework including the
accurate reporting of the high-quality CO2 removals which BECCS and DACCS can provide.

3. What are the current barriers to deploying GGR technologies at scale in the UK?
The main barriers for deployment and development of GGRs using CCS are financial and
infrastructure related and not technological. As discussed in response to Q1 bioenergy CCS and
direct air capture are a very diverse mixture of technologies and applications, which may serve a
variety of different markets. Each technology and market will have different nuances on market
and financial barriers.
BECCS:
•

Non-financial (infrastructure) – the deployment of and access to CO2 infrastructure is the
critical enabler for BECCS.

Dasgupta, P. 2021. The Economics of Biodiversity: The Dasgupta Review. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957291/Dasg
upta_Review_-_Full_Report.pdf
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•

•

Financial (business models) – the development of an investable busines model for BECCS
is critical. This has two key elements:
o A financial model which can enable the decarbonisation of an activity (capturing
and storing CO2), For example a baseload CfD for Power BECCS, or a contractual
arrangement for biohydrogen production.
o A financial model which can provide a revenue stream for CO2 removal. This could
be integrated or in addition to the financial model which enables the
decarbonisation of an activity. For example, a price per ton of CO2 removed.
Environmental barriers (land-use, competition for bio-resources) – The CCSA note that
access to sustainable biomass is finite, both now and in the future8. As such, it is vital that
CCS is used to deliver the maximum benefits of using the finite biomass supply in
delivering net zero. Therefore, using biomass with CCS should be prioritised over
unabated use of the same sustainable biomass.

DACCS:
•
•

•

Non-financial (infrastructure) - the deployment and access to CO2 infrastructure is the
critical enabler for DACCS.
Non-financial (low carbon electricity) - one consideration for DACCS is the availability of
sufficient low carbon energy to ensure that the net carbon removed is sufficiently high to
be cost competitive.
Financial (business models) – A financial model which can provide a revenue stream for
CO2 removal. Where possible this could be integrated or in addition to the financial model
which enables the decarbonisation of an activity. For example, a price per ton of CO2
removed.

It is vital that BEIS accelerate the development of business models for BECCS and DACCS to
ensure that investment decisions for first clusters are fully informed.

4. Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when? If
no, what other actions are necessary and by whom?
The Government are in the process of developing solutions to the barriers outlined above. It is
critical for CCUS project development that these can come together quickly and be
complementary. Currently good progress has been made on CCUS business models for
dispatchable power and industry. In order for informed investment decisions to be made for
CCUS clusters including early GGR projects, all business models must be aligned at progressed
as a matter of urgency.
In addition to the business models, clarity is required on the recently announced CCUS
infrastructure fund, which appears to be a critical funding package to help unlock CO2 storage
infrastructure for the UKs three storage regions (East Irish Sea, Central North Sea and Southern
North Sea). There is little detail yet as to the eligibility and scope of the CIF, including how the
Government intend to use the fund to support infrastructure development.

Dasgupta, P. 2021. The Economics of Biodiversity: The Dasgupta Review. Available at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957291/Dasg
upta_Review_-_Full_Report.pdf
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Finally, as discussed in question 2 the introduction of a 2030 target for both annual CO2 storage
volumes and hydrogen production capacity as well as a commitment to deploy two clusters by
the mid-2020s and tow more by 2030 in the Prime Minister’s 10-point-plan was a very helpful
step and provides industry with a commitment to a future market size.
A similar capacity target for GGRs which would be available from BECCS and DACCS would be a
strong signal for support from government. Additionally, as shown by the CCC analysis, there
will be a substantial rate of growth of all CCS sectors in the 2030s, as such, the introduction on
interim milestones or targets for potential market size out to 2050 would help projects prepare
in the 2020s to enable the rate of growth predicted in the 2030s and beyond.
The actions outlined above will all be required in the early 2020s, to help inform investment
decisions for CCUS clusters looking to progress into FEED.

5. Are there existing policies that will need to be adjusted to enable the development and
deployment of the different GGR technologies?
The CCUS and GGR sectors will be new sectors without a specific current policy framework in
place. The government are currently designing policy mechanisms and frameworks through the
CCUS business models expert groups, with several deliverables in 2021 (as highlighted in the
CCUS business model update, December 2020).
For GGRs and CCUS in general for FOAK and early projects direct government support through
service contracts, CfDs, loans and grants will be critical to ensure the projects can deploy. Over
time, once the technologies have established and gained early operational experience, it is
expected that more market led mechanisms can drive deployment of GGRs and CCUS. This may
happen at different rates for different GGR technologies.
Currently, for GGR technologies there are several policies which could help to support early GGR
markets grow and enduring market regimes establish these are explored in more detail in
response to question 8.

6. What principles should guide the design of a funding framework for GGR infrastructure
to ensure fairness in paying for the costs of deploying and operating this infrastructure
and address distributional impacts challenges?
The CCSA agree with all of the principles outlined in the BEIS call for evidence for GGRs as a whole
sector (page 22) with the exception of technology neutrality. Those which can be applied to GGR
infrastructure as well as the GGR sector as a whole are;
i)
ii)
iii)
iv)

Instilling confidence in investors
Attracting innovation
Ensuring value for money
Making a wider economic contribution

Most importantly, any designed business models and supporting policies need to instil confidence
in investors, without which, a negative emissions sector will struggle to deploy at the scale
required to achieve net zero.
The exact arrangement for how costs are paid and distributed among users of CO 2 networks is
currently under discussion in the CCUS T&S networks business model discussion.

Some additional principles which should be considered for GGR infrastructure funding
frameworks are:
•

•

•

•

Scalability and technology deployment rate– a mixture of technologies will be required to
reach net zero. Consideration is needed to balance technological advancement and
deployment of GGRs at the scale required to achieve carbon budgets in the 2020s and
2030s.
Wider decarbonisation contribution – This considers the wider decarbonisation benefits
of GGRs for other sectors and applications. BECCS and DACCS for example can provide
major wider contributions:
o BECCS can provide a reliable CO2 stream for CO2 networks, which will help with
early project economics of scale in turn encouraging wider emitters to
decarbonise utilising the CO2 networks.
o BECCS can leverage decarbonisation in many sectors, by providing decarbonised
energy (often for hard to abate sectors (baseload power, industry, heavy
transport fuels, waste) and giving valuable net CO2 removal to the UK.
o DAC for example can provide ambient air feedstock for power-to-liquid fuels to
decarbonise aviation and other transport modalities.
o DACCS can provide a reliable CO2 stream for CO2 networks, which will help with
early project economics of scale in turn encouraging wider emitters to
decarbonise utilising the CO2 networks.
International leadership – although this could fall into other categories, the UK has an
opportunity to be an international leader in GGRs through: i) establishing a replicable
cross economy, investable GGR business model(s), the framework of which may be used
in other countries; ii) accelerating the deployment of GGRs (including BECCS and DACCS);
and iii) providing export opportunities in GGRs to help decarbonise other nations.
Resource efficiency - Ensuring high value biomass feedstocks can be used in a way which
maximises the biomass climate and energy potential.

The CCSA would like to highlight that technology neutrality should not be a guiding principle for
a GGR policy. This is because a range of GGR technologies will need to be brought forward to
achieve net zero. If technology neutrality is applied, this will prevent support for potentially vital
low TRL technologies.
The CCSA would welcome a discussion with the NIC to understand how a GGR infrastructure
funding framework could be designed in a way which can include the aforementioned guiding
principles.

7. What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
The initial deployment for BECCS and DACCS may require bespoke policy mechanisms for early
projects. These will change to some extent once the sector grows to be more market led. Specific
policy measures which could help deployment are:
•
•
•
•

Targeted support for BECCS and DACCS deployment
GGR deployment milestones for both BECCS and DACCS
Definition on the wider proposed market mechanisms
A defined pathway to transition towards the market mechanisms from direct FOAK
support

For BECCS and DACCS to help achieve GGR in line with recommendations from the CCC, it is
important that projects capable of industry scale GGR can deploy in the 2020s. It is important to
note that some BECCS and DACCS technologies today are advanced enough to be operating at
demonstration to early commercial scale. However, support will be required to ensure a portfolio
of technologies can come to market across multiple sectors. Vital early deployment can provide
‘learning by doing’, laying the foundations for the ‘at scale’ deployment required in the 2030s and
beyond.

8. Is there evidence of lessons from other sectors or countries that can inform the
development of the policy framework for GGR technologies in the UK?
Domestically
The well understood power contract for difference (CfD) and proposed Industrial Carbon
Contract (Industrial CCUS business model) could be highly complementary with potential
schemes to incentivise many CCUS applications including engineered GGRs. The certainty of
revenue which contractual instruments such as the CfDs and the ICC can provide investors with
confidence, especially for early projects. Whilst these may not be directly transferable to BECCS
and DACCS projects, the UK government and industry has a good understanding on the principles
in the contract and what elements could be transferred or modified for use in the GGR sector.
Although elements of existing models may seem suitable for GGRs, Government will need to
carefully consider how GGRs which provide a product and CO2 removal interact with the market.
For example, a BECCS power generating plant would provide negative carbon electricity, it isn’t
clear how this would interact with the electricity market on a ‘surplus’ renewable generating day.
In this scenario, electricity prices could be very low and if government choose to value the
negative emission electricity, renewable generation may have to be curtailed or novel solutions
introduced (eg DACCS, electrolysis, energy storage, or where possible increasing CO 2 capture
plant efficiencies).
Some other existing schemes which could compliment GGR policy mechanisms:
•

•

•

Renewable Transport Fuels Obligation (RTFO) – The RTFO could be a suitable mechanism
to help create a market for biohydrogen or biofuels produced with CCS for use as
transport fuels. Negative emissions could also be considered for credits in this
mechanism, in a similar way that DAC is eligible under the Californian LCFS
UK Emissions Trading Scheme (UK ETS) – The UK ETS could be a suitable or transferable
mechanism to create an enduring market for GGR technologies for sectors close to, or
already covered by an ETS. This is complex and will require additional supportive policy
and further consideration with industry.
Green Gas Levy – As discussed in the CCSA response to the Green Gas Levy Consultation
in November 2020, the recently proposed Green Gas Levy could be a suitable mechanism
to enable CO2 capture on anaerobic digestion as well an option to support biohydrogen
production.

Government will need to further understand how these models could provide the opportunity
to ‘stack’ revenues with GGR revenues, for example clean energy generation revenues from
power BECCS stacking with GGR revenues.

Internationally
The USA has active GGR projects which have become economical through the 45Q tax incentive
scheme and incentives such as the Californian Low-carbon fuels standard to produce low-carbon
fuels. The incentives to produce biomethanol and bioethanol, produce waste CO2 is high purity
which has low capture costs, and can be sent to storage or for Enhanced Oil Recovery (EOR)
through a well-developed CO2 pipeline network. The 45Q with wider policy on fuels and available
infrastructure highlights that low-cost opportunities for GGRs can be found.
In 2020 the US Government introduced an amendment to the 45Q tax credit to increase tax
incentives for Direct Air Capture technologies, and lower the capture thresholds to enable tax
credits for lower volume plants9, additionally, DAC was recently included in a $447m carbon
removal programme 10.
Importantly, the 45Q tax credit is an Act of Congress, and as such cannot be altered or removed
easily. This protection provides investors and businesses with support certainty and a reduced
exposure to political risk. This is a fundamentally different model and risk profile for investors
than a UK tax credit equivalent.
Californian Low Carbon Fuels Standard
The Californian Low Carbon Fuels Standard (LCFS) is a market-based policy that sets annual
carbon intensity benchmarks on transport fuels sold or supplied in California. The benchmarks
reflect the full lifecycle emissions of transportation fuels and include all GHG emissions associated
with producing, distributing, and using the fuel, expressed as grams of CO2e per megajoule (“MJ”).
The benchmarks fall over time up to 2030 with the aim of reducing the carbon intensity of the
State’s transport fuel mix by 20% by 2030, relative to 2010 levels.
Fuel providers that produce, import, distribute or sell transportation fuels in California must on
an annual basis have enough credits to compensate for any deficits created by the sale of carbon
intensive fuels. Credits can be purchased from opt in facilities including Direct Air Capture
facilities, or CCS facilities on fuels production (e.g., CCS on ethanol production).
Direct Air Capture (“DAC”) projects anywhere onshore in the world can generate credits by opting
in to the LCFS. Whereas for other fuels produced with CCS projects can only claim credits for the
proportion of transport fuel sold into the Californian market.
The number of credits given is calculated on a project or fuel basis. For projects GHG emission
reduction is calculated on a full life cycle analysis of the activity (including land-use changes)11.
For the fuels pathway number of credits given is calculated on the difference between highcarbon and low-carbon fuels with an economic and conversion factor applied.
The LCFS credits can also potentially be stacked with the 45Q incentive to provide tax incentives
of over $200/tonCO2, however the IRS is yet to provide detailed clarity on how these incentives
could interact.

United States Congress. 2020. H.R. 5883
Available at: https://www.congress.gov/116/bills/hr5883/BILLS-116hr5883ih.pdf
10 United States Congress, 2021. Consolidated Appropriations Act, SEC. 969D.
Available at: https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf
11
Global CCS Institute, 2019. The LCFS and CCS Protocol: An overview for policymakers and project developers.
Available at: https://www.globalccsinstitute.com/wp-content/uploads/2019/05/LCFS-and-CCSProtocol_digital_version-2.pdf
9

The strongly market led approach exposes the market to the price of oil, and during the low-oil
price period in 2020, many EOR and CO2 capture projects related to this market became uneconomic, and in some cases had to stop operation.

9. Considering the current level of development of relevant technologies, from an
engineering and planning perspective, how long would it take to get these technologies to
the stage of being able to be deployed? And to the stage for construction of plants?
As discussed in response to question 1, there are many different types of BECCS and DACCS
technologies, at different TRL levels. Some of these technologies are included in projects which
are preparing to deploy at industrial scale part of the first ‘phase’ of carbon capture projects in
the proposed CCUS clusters across the country. This includes but is not limited to, BECCS in
power, energy-from-waste with carbon capture and DACCS using liquid sorbents.
As such, the limitation to deployment of these technologies is Government deployment
ambition, supportive policy frameworks, an underlying business model(s) which can provide
revenue certainty and access to CO2 infrastructure.
The proposed clusters and early CO2 capture projects all have timelines to be operational before
2030. Any approach to GGR technologies needs to ensure that support can be provided for both
early projects, but also for the portfolio lower TRL level GGR technologies which have been
highlighted by the CCC and other commentators as important for the UK to achieve net zero.

10. Are there parts of the end-to-end GGR delivery chain that only government can
provide, or will adequately designed market mechanisms be enough to unlock the
delivery chain?
Government will play a pivotal role in enabling CCUS and GGR in the 2020s, over time, once the
market is established and growing the role of government support could reduce to a market
driven industry, both for the whole CCUS chain and for the GGR sector.
As discussed in previous questions, GGRs cover a vast array of different potential applications.
Bespoke support may be required for individual technologies in order to provide a route to
market, these may operate on separate timelines. Importantly, as well as a plethora of GGR
options which will need to be brought to market, there are also several technologies which are
ready to deploy at industrial scale today.
The Government are currently in the process of designing market mechanisms for the CCUS
sector, including GGRs. The Business Model Update published by BEIS in December 2020
defines a role for Government which will be critical in establishing early projects and
infrastructure, this will subsequently reduce over time as market driven mechanisms reduce
Government exposure (through increasing carbon price, competitive low-carbon power rounds
and a regulated T&S network).
The exact involvement of Government to unlock GGR delivery is still under discussion, however
the CCSA see direct involvement for FOAK and early projects through service-based contracts,
loans and grants as critical to ensure the industry can establish. Over time, supportive policies
through obligations and potential cap-and-trade schemes can drive a market led industry with
decrease Government intervention.

Government can also look to unlock investment from voluntary private sector investments. The
private sector has increasing interest in investing in high quality GGRs, as highlighted in a recent
Microsoft report12. There are several actions government can take to encourage this investment
in the UK, including i) making an investable market; ii) clearly defining the environmental and
climate necessity for removals; and iii) creating a robust and transparent suite of enabling tools.
It is important to note that voluntary action alone will be insufficient to deploy engineered
GGRs, and other Government interventions will be required to deploy a GGR sector.
The role of Government policy mechanisms over time has been discussed in further detail in
response to question 24 of the BEIS GGR response also submitted to the NIC alongside this
response.

11. What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?
The UK is uniquely positioned to deploy a CCUS and GGR sector at scale, both in terms of
capturing CO2 emissions, but also in the ability to store many Mt of CO2 in offshore reservoirs.
More specifically the UK has:
•

•

•

•

•

•

A world class CO2 storage resource – The UK has access to an estimated 78Gt of CO2
storage capacity in the subsurface offshore, including in depleted oil & gas fields and in
large saline aquifers. This capacity is large enough to store over two hundred years of
CO2 at current annual UK emissions volumes. This introduces the opportunity for the
UK to provide a CO2 storage service for international neighbours, including GGRs CO2
imports or GGR credits as an export market.
Expertise in operating in a mature offshore basin – The UK has expertise in operating an
supplying services and equipment in the North Sea and East Irish Sea basin. This wealth
of data, knowledge and expertise significantly lowers storage risk and give the UK an
advantage as it looks to transition the offshore industry into the low-carbon sectors of
the future.
Abundant access to low-carbon energy – The UK has an ambitious low-carbon electricity
pathway to 2050, stimulated by an abundance of offshore wind. When combined with
DACCS this offers the opportunity to develop large scale GGR through DACCS, and the
option to be an international provider of GGR credits in future markets.
High CCUS ambition – The UK has the worlds first Governmental target for CO2 storage
and cluster development. The development of CO2 networks and strong political
support will attract investment in UK CCUS projects, including GGRs.
Developing CCUS and GGR business models – The UK is in the process of developing
business models which will provide the outline of an investment framework for FOAK
projects and signal a route to market for CCUS and GGR technologies overtime. This can
stimulate investment and activate UK supply chain to lead the development of the
sector.
An innovative supply chain – The UK has world leading expertise in the energy sector,
especially in EPC services and equipment for the oil and gas and offshore wind
industries. Many skills in CCUS and GGRs will be transferable from current sectors. As

Microsoft 2021. Microsoft carbon removal. Lessons from an early corporate purchase.
Available at: https://query.prod.cms.rt.microsoft.com/cms/api/am/binary/RE4MDlc
12

such the UK can demonstrate how to encourage the energy transition of skills into lowcarbon jobs in the CCUS and GGR sectors.
There are few countries in Europe and the world which can mirror the UK’s clustered coastal
industry, abundant CO2 storage resource, drive for low-carbon electricity and boast a supply
chain which can drive the low-carbon transition.
If CCUS and GGR deployment in the UK is deployed at scale following a robust framework in the
2020s, the UK has an opportunity to set a robust GGR standard and suite of policies tools which
can be used by other countries developing GGR sectors. Importantly, if a policy frame is
designed with the UK supply chain at the heart of the sector, the UK will develop international
opportunities and attract investment into the country.
12. What do you consider to be the regional impacts of deploying GGR technologies at
scale? This should cover both positive and negative impacts.
The deployment of engineered GGRs at scale reliant on, and may in the future drive, the
deployment of a CCUS industry at scale in the UK. The benefits of deploying CCUS including a
GGR sector include:
•

•

•

•
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Investment in clean infrastructure – Highlighted by several commentators as a key driver
for a post-Covid19 recovery. CCUS including GGRs can be a catalyst for investment in
clean infrastructure, creating jobs in the near term, strengthening the energy system,
and establishing regions as low-carbon ‘super-places’13 14 .
Levelling up of industrial regions – All CCUS clusters projects are ideally suited as
projects which can drive regional levelling up agendas as part of defined SuperPlaces.
CCUS projects can create many tens of thousands of jobs, and help to establish an
industry which could provide over 200,000 jobs by 2050, and provide the opportunity
to scale up and provide GGR credit export opportunities. This will include jobs in
engineered GGRs15 16
Establishing an innovative low-carbon supply chain sector – By deploying CCUS and GGRs
with the supply chain at the heart of the discussion, the UK can establish an innovative
supply chain, helping current businesses transition to low-carbon futures, but also
creating new businesses and jobs attracting investment into industrial regions.
Providing low-carbon jobs in the energy transition – the deployment of CCUS and GGRs
will be a critical enabler to transition current high skilled jobs into low-carbon highly
skilled jobs in the future. For example, many skills applicable to the oil & gas sector can

Grantham Institute, 2020. A net-zero emissions economic recovery from COVID-19. Available at:
https://spiral.imperial.ac.uk:8443/bitstream/10044/1/78707/2/COP26%20Universities%20Network%20Briefin
g%20-%20Economic%20Recovery%20from%20COVID-19.pdf
14
Climate Change Committee, 2020 The Sixth Carbon Budget: The UK’s path to Net Zero.
Available at: https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-TheUKs-path-to-Net-Zero.pdf
15
Vivid Economics for BEIS, 2019. Energy Innovation Needs Assessment: carbon capture, usage and storage.
Available at: https://assets.publishing.service.gov.uk/government/
16
Summit Power, 2017.How Carbon Capture Will Boost the UK Economy. East Coast UK Carbon Capture and
Storage Investment Study.
Available at: https://www.ccsassociation.org/resources/download?id=51
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be transitioned to CCUS and GGRs, providing vital just transition for one of the UKs move
innovative and world leading sectors.17 18
Establishing UK regions as world leaders in low-carbon technologies – The UK has an
opportunity to showcase how low-carbon super-places can transform regions into the
low-carbon sectors of the future. Attracting investment, but also providing a blueprint
for decarbonisation internationally.

OGUK, 2020. Roadmap 2035: A blueprint for Net Zero. Available at: https://roadmap2035.co.uk/roadmap2035/
18
OGTC, 2020. Reimagining a net zero North Sea: An integrated energy vision for 2050. Available at:
https://www.ogtc.com/media/4168/integrated-energy-vision_30-nov_final.pdf

Response from Cambridge University Academics
Evaluation of GGR Technologies:
1. What technologies and approaches do you consider fall under the two categories of GGR
technologies covered by this study of BECCS (including biogenic waste with CCS) and
DACCS? Are there any others we should consider?
• BECCS is a term typically used to cover technologies which capture carbon dioxide from bioenergy crops or biogenic waste that is used to provide energy (heat and/or electricity). The
concentrated carbon dioxide stream is then stored. DACCS is a term used to describe
technologies which extract carbon dioxide from the air (atmospheric concentration levels),
and then store the concentrated stream of carbon dioxide. DACCS processes typically
require energy rather than generate energy (one of the differences between BECCS and
DACCS).
• Other types of DAC should be considered for inclusion, and notably those processes which
convert higher GWP greenhouse gases such as methane to either lower greenhouse gases or
non-greenhouse gases.

2. What are the constraints (beyond funding) to the potential size of a UK-based GGR
industry? At what point do these constraints come into effect and impact the
development of adequate capacity to meet the net zero ambition? Constraints could
include requirements for inputs, e.g. sustainable biomass, and infrastructure and
accounting requirements.
• Many GGR solutions will be land-intensive so this may become a constraint.
• The constraints to the deployment of BECCS will in part be regulatory and economic, rather
than technical barriers. See https://doi.org/10.1016/j.apenergy.2016.12.120. However,
there are issues regarding the management of the biomass source which is used for BECCS
and careful consideration of the wider issues such as biodiversity needs to be given when
assessing the potential scale. The feedstock for Drax already comes from overseas and
therefore international robust accounting of where carbon sequestration credits are given is
required especially if such activity increases.

Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the UK?
• There are still significant regulatory and economic barriers. See
https://doi.org/10.1016/j.apenergy.2016.12.120.
• Deploying GGR on a large scale could pose a number of risks to other sectors. Direct air
capture will require land and energy when deployed at scale, although potentially less than
BECCS and biochar. To mitigate these risks, a range of methods should be used in order to
make the most efficient use of land and resources and avoid potential acute negative
impacts caused by deploying technologies in isolation at a large scale.
• Public acceptance is also a potential barrier, as evidenced by the latest protests against
Harvard’s Scopex project researching stratospheric aerosol injection (although note that this
was not a greenhouse gas removal approach)
(https://www.theguardian.com/environment/2021/feb/08/solar-geoengineering-test-flightplan-under-fire-over-environmental-concerns-aoe).

16

4. Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when? If
no, what other actions are necessary and by whom?
Policies to overcome regulatory and economic barriers:
•

•
•

•

•

•

•

•

•

•

Market mechanisms to support effective carbon pricing of carbon credits are needed. We
need to regulate the market to ensure that GGR is *required* (not just incentivised) to
leverage non-public money. The use of the market should ensure value for money and the
requirement to do (and the desire to be one up on the competition) should attract
innovation.
Tax breaks and/or UKRI / Innovate UK match funding might be considered for pilots and
demonstrators
Further clarity is needed on acceptable methodologies for calculating and verifying carbon
removals to create carbon credits and rules on accounting. We need to verify that the GHGs
are removed and not simply displaced. Regulations should specify how removal is
quantified, and require the avoidance of methods that cause harm.
Policies need to take account of effective business models – i.e. direct private investment
where there is a sound economic case, and payment for carbon removal and/or other
benefits through a credit system etc.
Incentives should be considered for learning and open innovation – for example, support
should be given for the building of new installations when the first demonstration might lead
to breakthrough / significant cost decrease or improvement against environmental factors
(e.g., energy use, overall environmental impact)
Development of technologies should be accompanied by ongoing, open research with
openly published results. For fast development, it is essential to pair projects with research,
both fundamental and applied, allowing researchers to evaluate progress, efficacy, and
potential for improvement of new GDR projects.
Feed-in tariffs
Feed-in tariffs have been very successful. Historically, new renewable energy technologies
were more expensive than the mature fossil fuel technologies. The European feed-in tariffs
helped green technologies get to the place where they can now compete in the
marketplace. The feed-in tariffs drove down the cost of renewable sources of energy for the
whole world. The best example is offshore wind, which has come down dramatically in price.
Government must cover the gap between new developments and operating in the
marketplace.
The government is providing some funding for greenhouse gas removal demonstrators.
Funding the initial phase is de-risking the entry into the marketplace. This enables
universities and public sector researchers to undertake initial work which can then enable
the private sector to get new technologies into the market.
Progressive carbon price
Government should provide a range of carbon prices to which they would commit. The
prices have never been at the level that would cause the change required. We do have a
carbon price already and putting a floor on the price was important.
We need a progressive carbon price to attract people into the fields which don’t have a
marketable product and a clear pathway to ratchet up the cost of carbon and widen the
number of sectors covered by a carbon market mechanism. This would encourage

investment in removals. ‘Instilling confidence in investors’ is not sufficient.
•

Clear supporting legislation: Misconceptions in legislation can lead to inappropriate
restrictions that effectively prevent positive impact.

Policies or programmes to overcome public acceptance barriers?
•

A programme of public engagement in the area of GGR may be needed. The use of
carbon credits for offsetting and CCS have suffered from poor public perception,
branded as ‘ways to let ourselves off the hook of reducing carbon emissions’ or even
as ‘geoengineering’.

Setting the vision
•

In addition to policies, setting out a forward-looking roadmap or metric, which demonstrates
to stakeholders how profit can be made in the future, is required. There is potentially a role
for highlighting values; for example, engaging society on questions such as “do the most
admired companies just seek to comply with the law and regulation, or do more?”
Government can set minimum standards in regulations/laws, but they can also provide
environments which value those who do more.

5. Are there existing policies that will need to be adjusted to enable the development and
deployment of the different GGR technologies?
•

Careful consideration needs to be given to how a carbon price might actually work, when
the cost greenhouse gas removal will be much higher initially for new approaches.
Furthermore, if offsets are developed then the difference in cost for emissions reduction
rather than removal needs to be considered. Removals are usually more expensive but if
offsets are used as a primary incentive mechanism then most activity might then be focused
on emissions reduction in the near term and any critical innovation work might then be
delayed.

6. What principles should guide the design of a funding framework for GGR infrastructure to
ensure fairness in paying for the costs of deploying and operating this infrastructure and
address distributional impacts challenges?
•
•

•

•

A funding framework should be technology neutral. We should allow anything that works
and that is not harmful.
Incentives should be considered for learning and open innovation – for example, support
should be given for the building of new installations when the first demonstration might lead
to breakthrough / significant cost decrease or improvement against environmental factors
(e.g. energy use, overall environmental impact)
Financial support: Initial public sector financial support may be needed to de-risk
investment at innovation/pilot/early scaleup stages, but once proven, the private sector can
then operate – if this approach is used alongside a clear signal of carbon pricing mechanisms
that will create a gradual rise in the cost of carbon, the market will respond.
Financial metrics: Government must recognise that any technology must be financially
worthwhile for the private sector and might create roadmaps which take this into

•

•
•

•

•
•

account. Financial metrics for those using the system and helping to roll it out are
helpful.
Understanding the business model for each technology: Different approaches will have
different cash flow profiles (investments/costs and income from carbon sequestration
payments), and therefore the particular market mechanisms have to bear in mind these
differences, especially if the risks also change with time. Principles need to take account of
effective business models – i.e. direct private investment where there is a sound economic
case, and payment for carbon removal and/or other benefits through a credit system etc.
Understanding the business model for each technology includes understanding how to best
leverage the appropriate technology and the finances.
Careful consideration of subsidies: Policies driven by subsidies have often failed to deliver
the required end-result.
Careful consideration of verification requirements: Some technologies will be easily
verified, but technologically difficult to achieve, meaning that only large players can get
involved. Some technologies may be difficult to verify, but easier to deliver (e.g., soil
management). We believe it is important that the need for verification doesn’t get in the
way of delivery, including by smaller players. This issue needs careful consideration and
consultation with stakeholders.
Verification of carbon sequestration and credits is critical to encourage effective use of this
carbon financing tool. There may be a role for funding research to develop novel and easy to
use verification methods. Consideration should be given to supporting the deployment of
GGR approaches in anticipation of new verification methods subsequently being developed
and made available.
People will optimise against the targets that are verifiable and quantifiable. Careful selection
of measures is required.
Rules may need to be firm rather than rigid or soft. However, they need to be sufficiently
firm that participants can’t readily skew the system.

7. What policy mechanisms could be used in the short term to catalyse the initial deployment
of GGR technologies?
• Tax credits for GGR research and development may incentivise the innovation of new
technologies. Tax breaks on capital investments that support the deployment of these
technologies at scale could help further proliferate GGR technology. When
implementing such a credit, it is important to ensure that businesses that have already
utilised GGR will receive some form of a tax benefit under a new scheme. Otherwise, a
tax credit risks providing a bigger financial benefit to those that have not yet deployed
GGR than to those that have been proactive in using GGR. This tax credit can serve as
the carrot which will help the UK meet its net zero targets alongside a tax on unabated
emissions acting as the stick. The credit should be economy-wide (i.e. It should not
exclude specific sectors with historical carbon emissions), although caution should be
applied to schemes where CCS is used to support enhanced oil recovery. If this is
considered significant dialogue with the public would be required before any decision.
• Incentives should provide mechanisms for crossing the gap between developing
technologies and deploying them in the marketplace. We can draw lessons from historical
examples - domestic and international - where incentivisation successfully contributed to

•

•

•

•

the introduction of a technology related to the UK’s net-zero commitment. For example,
the introduction of feed-in tariffs in particular, which re-assign the relatively high cost of
developing new technologies, such as renewables, away from energy companies to
consumers. In this case it led to the large reduction in price of offshore wind, which now
competes in the marketplace with new gas-fired power stations. Where the government
funds the initial phase of development themselves, as is the case for GGR demonstrators, it
should be seen as a process of de-risking future investments.
Incentives should progressively plan for the long term through obligation and responsibility.
The government should acknowledge the need for a carbon price and take responsibility
for it with concrete promises that are not based purely on instilling confidence in investors.
Whilst the floor on carbon price in the UK is an important start, the government should be
prepared to increase the price of carbon now in a clear, forward-looking way, such as
declaring the long-term planned price increases – in 10, 20, 30 etc. years. And although the
value of carbon sequestration may fund removal, it is important to ensure that there is a
legitimate offtaker by asking what support is sufficient to maintain the longevity of carbon
removal: what technology and governance mechanisms will be needed to manage a
marketplace that allows different investment flows to work? For example, can we use
remote and digital monitoring rather than human-intensive monitoring systems?
Incentives should not necessarily focus on pure GGR solutions. Alternative methods of GGR
that receive investments for reasons other than GGR should be recognised. Recognising
that this is outside the scope of this call for evidence, projects that aim to increase
biodiversity through the planting of trees yield positive impacts on GGR but do not receive
funding that reflects this. This may require more collaboration between different schemes
across different government departments. There is a principle at stake here that the
incentives should be based on the outcome rather than the detail of how the additional
sequestration was achieved.
A policy framework should allow for a range of different GGR options and avoid looking at
different technologies in isolation. The scale of GGR required is enormous - a huge
amount of land and resource will be needed to deploy technologies. Technologies are
likely to influence each other, and the measures needed to deploy them will be
interconnected. A policy framework should recognise the key benefits and risks of
different methods and use the full range of different technologies needed to tackle an
issue of this scale. This may mean choosing between different methods for certain
initiatives based on benefits or drawbacks but should ultimately result in a wide range of
GGR technologies being incentivised and supported through a suite of policy measures. It
is important to also note that GGR methods differ in their technology-readiness levels,
which may impact policies that are geared towards commercialisation.
A good policy framework should specify the “what” not the “how”, apart from
preventing the use of methods that cause harm. It should require the extractors of
fossil-carbon to remove a quantity of GHG that is proportional to whatever fossil
carbon they extract. This should be structured in such a way that stimulates
investment in the creation and deployment of the required technologies.

8. Is there evidence of lessons from other sectors or countries that can inform the
development of the policy framework for GGR technologies in the UK? Development and
deployment

•

•

Feed-in tariffs have been effective at driving the shift to renewable energy worldwide,
including in Germany and in the UK. The success of feed-in tariffs for renewable energy both
domestically and abroad suggests that a similar approach may be useful for incentivising
GGR methods. By doing so, the government would play a role in closing the gap between
new developments and the marketplace. GGR technology needs to be profitable to see
widespread deployment, so a scheme that makes deploying these technologies more
financially viable would be very helpful. After this initial help, the technology may become
financially viable in its own right, similar to how offshore wind initially benefited from a
feed-in tariff and is now competitive on the energy market.
To benefit from a feed-in tariff in the same way that renewable energy resources have, there
needs to be an ultimate market for GGRs. Creating or facilitating such a market should
therefore be an important policy aim. There are currently international schemes that
provide financial incentives for nature-based climate solutions such as forest management,
though these are generally more focussed on avoiding future emissions rather than carbon
removal. There are also a number of private sector initiatives that have created platforms
for buying and selling carbon removals.

9. Considering the current level of development of relevant technologies, from an engineering
and planning perspective, how long would it take to get these technologies to the stage of
being able to be deployed? And to the stage for construction of plants?
•
•
•

Methane removal: 3-5 years to deployment
CO2 DAC with zero carbon heating process – 3-5 years to deployment
There will be a need to use a mix of different technologies, and urgent research is required
to understand any unintended consequences, as well as public engagement concerning the
need for such research as these could both cause significant delays in deployment.

10. Are there parts of the end-to-end GGR delivery chain that only government can provide, or
will adequately designed market mechanisms be enough to unlock the delivery chain?
•

As a minimum there is a role for standards and regulation, and government has to be
involved in this.

11. What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?
•

Proximity to the North Sea oilfields will provide significant carbon storage capacity

12. What do you consider to be the regional impacts of deploying GGR technologies at scale?
This should cover both positive and negative impacts.
•

•

From a regional perspective, building GGR technologies at scale could play an important part
in ‘levelling up’. Many of the skills in industries such as coal and oil that will need to be
phased out could be transferred into the GGR industry and therefore the risk of job losses
could be mitigated with new, ‘green’ jobs.
GGR technologies will potentially require large amounts of land when deployed at scale with
potential impacts on local communities, biodiversity, and agriculture. To mitigate these
risks, a range of methods should be used in order to make the most efficient use of land and
resources and avoid potential acute negative impacts caused by deploying technologies in
isolation at a large scale.
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Evaluation of GGR Technologies
1. What technological approaches do you consider fall under the two categories of GGR
technologies covered by this study of BECCS (including biogenic waste with CCS) and
DACCS? Are there any others that we should consider?
To achieve the UK’s net zero targets, GGRs will be essential. We see a role for both engineered
and nature-based solutions in all scenarios explored in the 6th Carbon Budget, and all starting
from the late 2020s. The UK needs to bring forward a portfolio of negative emissions technologies
(NETs) during the 2020s to enable wider deployment in the following decades, particularly when
considering residual emissions from hard-to-abate sectors such as aviation and agriculture. Note,
however, that nature-based solutions are part of the fast, biological carbon cycle, meaning that
carbon storage is not permanent. In addition, the uptake of CO2 via biomass takes substantially
longer, whereas fossil emissions happy instantly, meaning that there is a delay in the removal
benefits nature-based solutions can provide. Nevertheless, only a portfolio of NETs can achieve
the volumes needed to keep warming below 1.5° Celsius. However, for a widespread commercial
deployment of both nature-based and engineered solutions by the 2030s, individual instruments
need to be developed for the respective technologies within these categories. We also note that
some GGRs also fall across categories (e.g. BECCS). Short-term carbon removal, or respectively
measures to close the carbon cycle, through utilization is not explicitly covered by either, but
should definitely be included in the overall portfolio as well, also to take co-benefits with regard
to scale-up of crucial technologies.

2. What are the constraints (beyond funding) to the potential size of a UK-based GGR
industry? At what point do these constraints come into effect and impact the
development of adequate capacity to meet the net zero ambition? Constraints could
include requirements for inputs, e.g. sustainable biomass, and infrastructure and
accounting requirements.
DAC assets require high upfront investments and currently still have significant operating cost.
In the absence of markets being able to price and value the advantages of high quality carbon
removals provided by DAC the nascent industry faces the challenge of developing larger offtake
markets willed to accept high prices that remain mostly flat over the lifetime of the asset.
Investors will not willed to provide the required amounts of capital without offtake security.
**REDACTED**. As a consequence regulatory frameworks are required that de-risk asset
deployments for investors in order to realize them and to benefit from the learnings of
operating them.

Market mechanisms and policy frameworks
3. What are the current barriers to deploying GGR technologies at scale in the UK?
We consider the main barrier to GGR development, on both the supply as well as the demand
side, to be a lack of reward for negative emissions, e.g. through carbon pricing or other
mechanisms.

Climeworks AG
1/7

Currently, there is no clear route to procure negative emissions for hard-to-abate sectors and
other emitters. Technology developers like Climeworks need a demonstrable revenue stream to
secure investment and act as an incentive to bring DAC as a crucial GGR technology to market.
While large corporates are now tackling this bilaterally through the voluntary carbon market, a
holistic, government-led approach to promoting a market for GGRs will support both national and
corporate ambitions and lead to better price discovery of the true value of negative emissions.
GGRs are a diverse group of technologies with varying co-benefits, applications to multiple
sectors, variable timescales and levels of permanence of storage, different risk profiles and costs.
Alongside financial barriers, the government should also focus on reducing barriers which are
currently preventing the widest possible range of GGRs in the near term. For example, engineered
solutions like DAC with combined storage of CO2 are reliant on a robust transport and storage
infrastructure to enable their deployment.

4. Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when?
If no, what other actions are necessary and by whom?
To support the development of the GGR sector, government must set out a clear roadmap to a
negative emissions sector with a long-term vision as well as minimum targets and timeframes for
CO2 removal (in addition to existing targets for CO2 storage).
Setting out the development of a dedicated market for negative emissions, carbon price and a
clear statement of risk allocation would bring revenue certainty and increased confidence in
investment security for investors.

5. Are there existing policies that will need to be adjusted to enable the development
and deployment of the different GGR technologies?
45Q could be an effective incentives for DAC as a crucial GGR technology, however has not yet
stimulated a single DAC project. 45Q was designed for flue gas capture and even here (for a
technology a lot cheaper) we have not seen a lot of activity.
If incentivizing GGRs a “one fits is all” approach will not work. The individual technologies need
specific structures acknowledging the development stage and particularly the cost levels.
We note that funds following for instance the design and amount of EU Innovation Fund could
support large investments and initiate GGR projects. However, we would like to point out that the
current method in this fund is not designed for negative emissions and that GGRs therefore have
difficulty in accessing these funds. An expansion of the scope with a dedicated focus on GGRs and
a corresponding adjustment of the methods is necessary.
When looking specifically at UK policies, it will be essential to split the climate neutrality targets
into separate targets for emissions reduction and GGR to achieve the overall goal of climate
neutrality and to drive the deployment of GGR technologies. Such a GGR target would create
momentum and an overall strategy for GGR, allow for the actual achievement of the neutrality
target (residual emissions can only be balanced out with GGR, not reduction efforts), encourage
the creation of clear accounting rules, spur much-needed GGR investments, and provide planning
stability. Also, these targets must be broken down into several intermediate targets which
promote feasible implementation, increased plannability, permit frequent review and adjustment,
and thus gradually and successfully move closer to the long-term goal.
Climeworks AG
2/7

6. What principles should guide the design of a funding framework for GGR
infrastructure to ensure fairness in paying for the costs of deploying and operating this
infrastructure and address distributional impacts challenges?
In our view, key principles include verification, investability, long term value for money and wider
economic contribution.
•

Verification – this should build on existing sustainability criteria and be kept as simple as
possible whilst still providing confidence and transparency.

•

Investability – as outlined in Q3, we view this as the key barrier for GGRs at present.

•

Long term value for money - recognising that flexibility will be needed for early projects
which may not meet all VfM criteria considering the scale and high up front investment
needed.

•

Wider economic contribution – a new negative emissions sector will enable the UK to build
back better, revitalising existing industrial regions of the UK and supporting a new green
jobs market.

While we support a long-term goal of technology neutrality in the GGR market we do not believe
this concept should be introduced at an early stage. All GGRs have the potential to contribute
economically to the UK and to support the government’s net zero commitments. However, the
diverse range of methodologies, storage permanence, cost structures and applications to different
sectors means that the investability of different GGRs is likely to be adversely affected if early
incentivisation take a technology neutral approach. It is essential to bring a wide range of
technologies to market to ensure long-term value for money rather than focus on the cheapest
or most readily deployable technology today. Therefore, specific incentivisation for particular
GGRs, like DAC will be needed in the near term.

7. What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
It is correct that in order to scale DAC to become a climate relevant technology a combination of
innovation/R&D as well as deployment is required. We consider the need for incentives on the
deployment side a lot higher than on the R&D side. Cost will only come down when assets are
constructed and operated. This comes with important learnings that are transferred to R&D to
optimize but also experience will bring down operating cost and only if assets are actually built
the supply chains start to develop which encourages competition and cost to further reduce.
The policy mechanisms outlined can all be used to support investment but the application should
be phased in order to appropriately support GGRs as they progress from innovation to early
deployment. For example, grant funding is crucial for early stage innovation and pilots, and
payment and service contracts are expected to support early deployment of engineered solutions
at scale. However, we expect a gradual transition towards a market driven approach through the
development of a dedicated negative emissions market or GGR market mechanism.

8. Is there evidence of lessons from other sectors or countries that can inform the
development of the policy framework for GGR technologies in the UK?
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CfDs are a well understood, complementary mechanism to provide revenue certainty from
electricity generation and should be established for GGRs linked to power.
**REDACTED**

Development and deployment
9. Considering the current level of development of relevant technologies, from an
engineering and planning perspective, how long would it take to get these
technologies to the stage of being able to be deployed? And to the stage for
construction of plants?
**REDACTED**
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10. Are there parts of the end-to-end GGR delivery chain that only government can
provide, or will adequately designed market mechanisms be enough to unlock the
delivery chain?
In terms of carbon sink locations, there is a range of suitable locations where we can store
captured atmospheric CO2 and we are always exploring new sites, geographies and methods.
However, governmental efforts to support the development of these sinks are needed to unlock
the full potential of the end-to-end GGR delivery chain.

11. What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?
The IPCC notes a total global GGR potential of 100-1000Gt by 2100. According to the IEA, the
global scale-up potential of DAC is 271 Mt/y by 2070.
So far, only a few countries are leading the way to achieve these scales.
With its binding net-zero targets already in place, the UK holds a comparative advantage that it
must use by taking a pioneering role and contributing to build up these scales. CCS, CCU and
GGR clusters are already formed and provide advantageous, comprehensive, well-positioned
resources for a rapid and successful development and deployment of GGR technologies. Also, the
UK has an advantage in so far that low-carbon energy is already well-developed and available so
that the GGR technologies can get supplied with it. Additionally, carbon sinks are widely available
in the UK.
Considering all these factors, the conditions are extremely well suited for the UK to become first
to market with GGR technologies and negative emissions.

12. What do you consider to be the regional impacts of deploying GGR technologies at
scale? This should cover both positive and negative impacts.
Climeworks’ modular DAC technology is based on a cyclic CO2 adsorption-desorption process
utilizing a sorbent suitable to a wide variety of conditions and regenerable with low temperature
heat. In alignment with Climeworks’ vision to inspire people to remove CO2 from the air by
offering pure and strictly net-negative solutions, the DAC plants’ energy demand is to be met by
low-carbon sources, in particular by renewable energy (RE) and excess heat. Hence, the
implementation of large-scale Climeworks DAC plants will provide a push for further (RE)
capacity build-up in the UK, such as wind, solar or other renewable electricity technologies.
Furthermore, the demand for low-temperature heat and the flexibility in scale due to the
modular design allows for the exploitation of available waste heat potentials as well as the
development of smart co-generation concepts. In particular, the integration of excess heat from
BECCS plants provides a path for leveraging net-negative CO2 emissions from the bioenergy
sector – a sector where the UK play a pioneering role through industrial applications (e.g. Drax
bioenergy plant) and its world-leading research community.
The decentralized approach enabled by the modularity of the Climeworks DAC design not only
allows utilizing local energy resources, but also makes for a distributed job generation in the
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emerging GGR industry. Large-scale RE installations and geological CO2 storage facilities – and
to a lesser extent also the DAC plants themselves – can be expected to arise in less densely
populated areas. Additionally, DAC plants are not bound to large industrial CO2 emitters such as
classical CO2 capture concepts. Hence, DAC-based GGR represents an opportunity for
economically deprived regions where the newly generated jobs are particularly needed.
Besides research and development in academia and industry, the implementation of Climeworks’
DAC-based GGR plants will directly create jobs in the engineering and construction industry
including EPC companies as well as local builders and craftspersons. Operators will be needed to
run the plant and geoscientists will be employed by the storage operators for continuous
characterization, modelling and monitoring activities. With significant capacities being installed,
a larger share of the value creation will take place in the UK, including the machinery industry for
the construction of the plant components such as heat exchangers, pumps, pipes, electrical
installations, etc. Especially the first plants will create interest from visitors and provide potential
to stimulate local tourism. Correspondingly, guides and communicators will be needed at the plant
and second tier jobs may be created in typical tourism sectors, such as hotel business, catering,
transport services, etc. Additionally, the validation and verification of the GGR process, the further
development of corresponding standards and methodologies, and the sales of resulting GGR
certificates will create jobs in the markets related to CO2 certification and trading.
Among the other benefits that DAC-based GGR may create for the UK society, the actual purpose
of combatting climate change deserves mentioning. Climeworks is proposing a full-chain
implementation of a GGR technology with actual and significant CO2 removal from the
atmosphere. Recently, climate change is rapidly gaining attention worldwide as the consequences
of global warming become increasingly evident. Widespread and frequent extreme weather
events, withdrawing and disappearing glaciers, frequent coral bleaching, record-low sea ice levels
and ever-increasing average temperatures have sensitized large parts of the global population.
Especially the younger generations make their voices heard, as demonstrated by the worldwide
“Fridays for Future” movement. Climate change now heavily impacts people’s decisions as voters
and customers. Politicians and corporations are struggling to present solutions that demonstrate
their serious will to mitigate climate change while avoiding disruptive effects on price levels and
unbearable consequences for less well-off societal segments.
Hence, the time is right and economy, politics and public debate benefit from a demonstrated
solution for scalable GGR. Adding a scalable GGR technology to the portfolio of climate change
mitigation options facilitates the public and policy debate by offering a solution to so-called
“unavoidable” emissions and by adding an indicative price tag to further delaying determined
emission reduction actions. Corporations are provided with a transparent and metered tool to
inset their production-related emissions and offer carbon-neutral products – an opportunity for
differentiation in the market. Furthermore, DAC-based GGR represents a scalable addition to the
important biogenic alternatives, and thus, may alleviate the pressure to exploit them beyond
sustainable limits.
With a full-chain demonstration of DAC-based GGR, the UK presents itself as a place for pioneering
entrepreneurs and breakthrough technology developers, which is mirrored in the image of hosting
world-leading research institutes and universities. Furthermore, the UK would strengthen the
impression of being a place for real climate action as opposed to the endless debates and
dilatoriness observed elsewhere, that was successfully created through the astonishing
decarbonization of the electricity grid during the past decade, the pioneering role in offshore wind
and in bioenergy.
Besides removing CO2 permanently from the atmosphere through geological storage, DAC can
mitigate CO2 emissions by substituting fossil carbon sources with air-captured CO2, which is also
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referred to as CO2 Capture and Utilisation (CCU). Here, the CO2 is turned into products such as
synthetic fuels, plastics or carbonated beverages, where fuels represent the largest market size.
DAC-based GGR will also advance the DAC technology as a source for sustainable carbon – a
prerequisite for the transition of the industry to a clean and circular economy, in particular for
products that lead to decentralized CO2 emissions at the product’s end-of-life, such as fuels.
Important industry sectors in the UK necessarily require the extremely high energy density and
ease of handling of hydrocarbon fuels in a net-zero emissions world, such as air traffic. Moreover,
synthetic hydrocarbons enable the long-term storage of renewable electricity and sector coupling
of the electricity, chemistry and mobility sector. The strategic vision “A Clean Planet for all” of the
EU confirms that “only non-fossil fuel carbon from biomass or direct air capture is [to be] reused
to produce e-fuels or synthetic plastics, insuring a truly carbon neutral process and not a simple
delay of fossil fuel CO2 emissions”.
As for possible negative impacts, land-use changes should be mentioned. The deployment of DAC
plants requires land, an expanded infrastructure and storage capacity in the ground. However, it
should be emphasized that the land requirements of other GGR technologies are many times
higher. Land-use changes can also be accompanied by a change in ecosystems and the loss of
biodiversity.
Another aspect that should be considered when deploying GGR technologies are local concerns
about safe storage options. These can be counteracted through education and participation
measures.

Climeworks AG
7/7

18
Greenhouse Gas Removals Team
Department for Business, Energy & Industrial Strategy
ggr-call-for-evidence@beis.gov.uk
26th February 2021
Greenhouse Gas Removals Call for Evidence – Coalition for Negative Emissions
Response
The Coalition for Negative Emissions is made up of a diverse range of organisations with a
shared vision: to build back better as part of a sustainable and resilient recovery from Covid19, by developing pioneering projects that can remove carbon dioxide and other pollutants
from the atmosphere.
Together, we represent hundreds of thousands of workers across some of the UK’s most
critical industries, including aviation, energy and farming, each of which contribute billions of
pounds each year to the economy. As well as benefiting the environment, negative
emissions technologies and projects can build back a cleaner, greener economy in the wake
of Covid-19.
Whilst we should seek to decarbonise sectors such as aviation, heavy industry and
agriculture as far as practically possible, due to technical or commercial barriers it is unlikely
we will eliminate their greenhouse gas emissions completely.
Negative emissions technologies are critical therefore to balancing out these residual
emissions and ensuring we achieve net zero in a credible, cost effective and sustainable
way.
In October 2020, the Coalition for Negative Emissions asked the UK Government to consider
three low regrets interventions:
1. Adopt a clear, unambiguous commitment to supporting negative emissions in the
2020s and beyond.
2. Develop targeted policies to support viable negative emissions projects in the 2020s
3. Seize the opportunity to make negative emissions a point of emphasis at COP26.
We welcome the opportunity provided by this consultation to help inform the government’s
approach to developing its position on negative emissions, and development of policy
mechanisms to support their deployment. Please find detailed answers to individual
questions appended to this letter. We would welcome the opportunity to discuss the points
raised in further detail with the government.
Yours faithfully,
The Coalition for Negative Emissions
Carbon Engineering, Confederation of British Industry (CBI), CCSA, Climeworks, Drax,
Energy UK, Heathrow, International Airlines Group (IAG), National Farmers Union (NFU),
Pale Blue Dot, Association for Renewable Energy and Clean Technology (REA), Velocys

Chapter 1 - Greenhouse Gas Removal Methods
1. Do you give permission for your evidence to be shared with third party
contractors for the purpose of analysis?
Yes
2. Do you agree that some GGRs will be required to achieve the UK’s net zero
target by 2050? What are your views on the suitability and mix of different
technologies in supporting the delivery of net zero

The Coalition for Negative Emissions agree GGRs will be essential to achieving the UK’s
net zero targets. While it is not clear yet on the long-term mix of technologies that will be
required, the CCC see a role for both engineered and nature-based solutions in all
scenarios explored in the 6th Carbon Budget, and all starting from the late 2020s. This
highlights the need to bring forwards a broad range of commercial solutions during the
2020s to enable wider deployment in the following decades, particularly when considering
residual emissions from hard-to-abate sectors such as aviation and agriculture. However,
the need to support a broad portfolio of technologies does not preclude earlier
deployment, I.e., during the 2020s.
The distinction between nature-based and engineered solutions is a helpful categorisation
for broad policy development, but policymakers should remain cognisant that the
technologies within each are likely to need bespoke support in the short term to meet
widespread commercial deployment by the 2030s.
We also note that some GGRs also fall across categories (e.g. BECCS) and short-term
carbon removal through utilisation is not explicitly covered by either.
3. Is there new evidence that you can submit in relation to any of the following:
a. TRL
b. Scale-up potential – UK or Globally
c. Costs per tonne of CO2 removed any additional information about cost
savings per tonne for removals “in bulk” and cost breakdown e.g. T&S
costs, capture costs etc.
d. Constraints to deployment
e. Ability to verify removals, taking into account considerations of
permanence of removal
f. Lifecycle emissions for these methods in the UK
g. Wider environmental impacts and risks
We note that the description of DACCS in the Call for Evidence document applies only to
solid sorbent DAC. There is a second key DAC pathway using liquid solvents which has
not been described. Please refer to member Carbon Engineering’s submission for more
details.
On TRLs, the Coalition would like to direct BEIS attention to the evidence provided
through member organisations responses - Drax on BECCS power and Carbon
Engineering and Climeworks on DACCS.
4. Is there any evidence you would like to submit in relation to other nascent GGR
methods not outlined?

In addition to carbon storage through wood in construction, GHG removals may be
delivered through agricultural feedstocks converted into long-lived bio-based products,
including bioplastics, bio-based carbon fibre and composites, as well as fibre-based
insulation and decorative products (wool carpets, leather goods, etc.), many of which are
substitutes for durable goods of petrochemical origin and have potential for very low
embodied GHG emissions. There may also be future opportunities for new small-scale
GGR methods, such as coupling anaerobic digestion biomethane production to various
kinds of carbon removal (as carbon black, as CO2 feedstock, or through consolidation and
transport of CO2 to storage).

Chapter 2 - Incentivising investment in GGRs
5. What do you consider to be the main barriers to the development and
deployment of GGRs?
The Coalition for Negative Emissions considers the main barrier to GGR development to
be a lack of reward for negative emissions, whether through carbon pricing or other
mechanisms – this affects both suppliers of GGRs and those looking to procure negative
emissions. Technology developers need long term, demonstrable revenue streams to
secure investment and act as an incentive to bring GGRs to market while current emitters
and hard-to-abate sectors currently have no clear route to procure negative emissions.
While large corporates are now tackling this bilaterally through the voluntary carbon
market, a holistic, government-led approach to promoting a market for GGRs will support
both national and corporate ambitions and lead to better price discovery of the true value
of negative emissions. Voluntary markets alone are unlikely to deliver long-term demand
at the volumes required to support the investment required for capital intensive GGR
projects.
GGRs are a diverse group of technologies with varying co-benefits, applications to
multiple sectors, variable timescales and levels of permanence of storage, different risk
profiles and costs. Alongside financial barriers, the government should focus on reducing
barriers which will enable the widest possible range of GGRs in the near term. For
example, engineered solutions are wholly reliant on a robust transport and storage
infrastructure to enable their deployment, but currently have limited visibility on availability
and access to sufficient storage
6. What principles would you like to see included in a framework for
incentivisation of greenhouse gas removals? Examples, verification,
investability, innovation, VfM, technology neutrality, wider economic
contribution.

Key principles supported by the Coalition include verification, investability, long term value
for money and wider economic contribution.
•
•
•

Verification – this should build on existing sustainability criteria and be kept as
simple as possible whilst still providing confidence and transparency.
Investability – as outlined in Q5, we view this as the key barrier for GGRs at
present
Long term value for money - recognising that flexibility will be needed for early
projects which may not meet typical government VfM criteria, considering the
scale, high up front investment needed, and lack of alternatives for comparison.

•

While VfM should be part of the long-term policy strategy, the initial focus of
incentives will need to be on building baseload capacity for GGRs in the UK.
Wider economic contribution – a new negative emissions sector will enable the UK
to build back better, revitalising existing industrial regions of the UK and supporting
a new green jobs market.

While we support a long-term goal of technology neutrality in the GGR market we do not
believe this concept should be introduced at an early stage. All GGRs have the potential
to contribute economically to the UK and to support the government’s net zero
commitments. However, the diverse range of methodologies, storage permanence, cost
structures and applications to different sectors means that the investability of different
GGRs is likely to be adversely affected if early incentivisation takes a rigid technology
neutral approach. It is essential to bring a wide range of technologies to market to ensure
long-term value for money rather than focus on the cheapest or most readily deployable
technology today. Therefore, specific incentivisation for GGRs will be needed in the near
term.
7. What specific policy mechanisms could the government consider to incentivise
(a) innovation and (b) initial deployment? Could any of the policy options
outlined above be designed in a way that stimulates investment in innovation,
including pilots and demonstrators for less mature technologies?

The policy mechanisms outlined can all be used to support some form investment but are
not all applicable to early stage projects. The design of any policy framework to incentive
GGRs must pay equal concern to securing investment in FOAK projects as well as the
long term support for a commercial-scale GGR industry, which may require a phased
approach to policy support mechanisms to support GGRs as they progress from
innovation to early deployment and beyond.
For example, grant funding is crucial for early stage innovation and pilots, while
government-backed payment and service contracts are well understood by investors and
therefore are one of the most secure routes to support early deployment of large-scale
engineered solutions.
Tax incentives or voluntary carbon markets on their own are unlikely to be sufficient to
support investment in large scale FOAK engineered solutions, although they may form an
important component of the revenue stack. These mechanisms (and the development of
voluntary carbon removal markets in particular) may be appropriate for small scale naturebased removals given the current volumes of GGR being secured through voluntary
markets and the lower average carbon price (see Microsoft’s recent GGR tender for
example).
Regulation, obligation and cap and trade support mechanisms are likely to be better to
suited to the long-term transition towards a negative emissions market and are not likely to
provide sufficient support for innovation or early deployment of engineered GGRs,
although can support nature based GGRs currently.
8. How could government best contribute to establishing optimum market
conditions for GGRs to be developed and deployed at a large scale?

To support the development of the GGR sector, government must set out a clear roadmap
to a negative emissions sector with a long-term vision as well as minimum targets and
timeframes for CO2 removal (in addition to existing targets for CO2 storage).
Setting out the development of a market for negative emissions and a clear statement of
risk allocation would bring revenue certainty and increased confidence in investment
security for investors.
In addition, government must recognise the importance of maintaining the foundational
industries for different GGR technologies. It is the established sectors, such as the
bioenergy sector, that have developed the knowledge, supply chains and skills necessary
to see these GGR innovations delivered. This is equally true for building on existing
investor confidence, as private funders will not be encouraged to invest in new
technologies if their existing investments in UK industries are undermined. If Government
lets these foundational industries contract, rather than enabling them to transition, then
delivering the innovation and commercialisation required will become harder.
9. How might the role of government change over time to bring GGR technologies
to market and encourage their deployment up to 2050?

The goal of government should be a liquid, scalable negative emissions market that
operates without support, and results in GGR projects coming forwards on their own merit.
In the near term, policymakers will need to provide revenue certainty through short-term,
focussed support which enables initial investments in anchor projects and established
specific GGRs in the UK. However, there will need to be a long-term transition towards a
subsidy-free framework, with a clear regulatory structure, which supports a broad GGR
sector from the late 2030s onwards. Visibility of the long-term regulatory structure is
essential for developers to support long term planning for GGR projects.
10. Which factors should be considered when assessing the suitability of different
policy options for businesses?

A balance will be needed between support for developers in the near term versus the
potential to transition the policy towards a subsidy free, technology neutral approach
towards 2050. Key considerations include:
• How far does the policy option provide investor confidence and fair cost sharing
between developers, investors, users and government;
• Is the policy option feasible to implement, such that the administrative burden is
minimised, it can be implemented in a timely way and is compatible with other policies
and subsidy controls;
• Can the policy be transitioned easily towards a subsidy free, market-led system?
11. Are there any existing business models in other sectors – such as power,
industry, transport or land use – that could complement new schemes to
incentivise GGRs?

In the power sector, CfDs are a well understood mechanism to provide revenue certainty
from electricity generation. This mechanism could be used to provide some revenue
certainty for GGRs linked to power (e.g. BECCS) and could be extended to other sectors.

Most industrial processes have associated waste products for which a secondary market
providing waste removal services exists (e.g. wastewater treatment, industrial waste
disposal) and both regulation and incentivisation to support this secondary service. If
GGRs are considered in the same manner, as a waste removal or waste treatment
process for the atmosphere, then a reward for removal can be applied.
GGRs are required to offset the residual emissions of hard to abate sectors such as
aviation, heavy industry, refining and agriculture. An obligation scheme could be placed on
users or suppliers of products as a way of ensuring demand for GGRs and to fund GGR
deployment. Obligated parties could be required to meet a proportion of their emissions
reduction requirements using GGRs which meet minimum criteria for permanence and
volume, thus creating a specific demand for high quality negative emissions technologies.
This obligation would need to be matched by a reward per tonne of CO2 removed for
remover.
The new UK ETS could also be amended to include negative emissions to provide
revenue support to well established GGRs in long term. In a similar manner to the way
industrial emitters receive free allowance for a proportion of their carbon emissions, free
allowance could be granted to GGR technologies per tonne of CO2 removed. The
allowances can then be sold to emitters who require negative emissions to meet their
obligations, without needing to physically trade CO2. To ensure uptake of GGRs, a soft
obligation could be placed on certain emitters to meet a proportion of their obligations via
negative emissions. Careful design would be needed to ensure a suitable price floor and
that a broad portfolio of GGRs were supported as this mechanism risks favouring low cost
GGR options only. This mechanism is also unlikely to be sufficiently investable for new
engineered projects but could provide long term revenue support from established GGR
projects. Alternatively, the UK ETS could be amended to establish a GGR fund similar to
the EU ETS Innovation Fund but tailored to facilitate the scale up of a wide portfolio of
GGRs.
Government will need to further understand how different models could provide the
opportunity to ‘stack’ revenues with GGR revenues, for example clean energy generation
revenues from power BECCS stacking with GGR revenues.
12. Are price instruments or quantity instruments likely to be more effective in
encouraging and sustaining deployment of GGRs? Or will a combination be
required?

A combination will likely be required to promote GGR deployment which provides effective
carbon reduction at low cost and at the scale and permanence required to meet
government net zero commitments. Using price or quantity instruments individually could
result in unintended consequences, for example:
• Price instruments provide greater revenue certainty, are easier to invest in and can
take account value/cost of different technologies. Providing that the price instrument is
sufficient to meet costs of deployment, this type of instrument could be used to support
FOAK projects However, to ensure sufficient volumes of greenhouse gas removal are
brought to market to meet the UK’s emissions reduction targets, some form of
obligation or quantity setting may also be required for each GGR technology.
• Quantity instruments alone are unlikely to differentiate between technologies and may
result in only the cheapest option today being deployed at scale. The potential for price
volatility could also result in reduced investor confidence in FOAK projects.

13. How far should a policy framework aspire to be technology-neutral between
different GGR options?

While we support a long-term goal of technology neutrality in the GGR market we do not
believe this concept should be introduced at an early stage. All GGRs have the potential
to contribute economically to the UK and to support the government’s net zero
commitments. However, the diverse range of methodologies, storage permanence, cost
structures and applications to different sectors means that the investability of different
GGRs is likely to be adversely affected if early incentivisation takes a technology neutral
approach. It is essential to bring a wide range of technologies to market to ensure longterm value for money rather than focus on the cheapest or most readily deployable
technology today. The government should develop a long-term strategy for GGR
deployment which defines minimum deployment targets for engineered and nature-based
GGRs, combined with technology-specific incentivisation to reach those targets.
However, we also recognise any policy frameworks developed now must have a route
towards technology neutrality in the long term. We believe that a financial framework
which rewards negative emissions is the clearest route towards this.
14. Could wider support for GGRs have any unintended effects on the development
and commercialisation of technologies in other sectors, and how could this be
mitigated?

Support for GGRs must be managed such that emissions reduction in hard-to-abate
sectors is not dis-incentivised. This can be mitigated against using an effective carbon
pricing mechanism and through setting high standards for emissions reduction in certain
industries, or through mandating long-term phase out. Government should identify sectors
at risk of these effects and bring forwards policies which support continued low carbon
innovation.
We note that in the long –term, support for GGRs should have the consequence of
reducing the development of non-essential new carbon intensive industry or power
generation, and that this is an intended consequence that should be amplified, not
mitigated against.
15. Are there any international examples that have proved effective at incentivising
GGRs? Why were they effective, and are there any barriers to taking similar
action in the UK? Are there examples of international approaches that have not
worked well?
Not answered
16. Should the government introduce a tax credit, and if so, how should this be
designed? Should it be provided only for specific GGR technologies or a broad
range of methods? Would multiple, specific rates be effective at incentivising as
much investment as possible?

Tax credits are one of many mechanisms which could be used to incentivise uptake of
GGRs. At present they are an important support mechanism for lower cost GGRs which
are deployable today (e.g. afforestation). However, tax credits alone are unlikely to be

sufficient to support investment in engineered GGRs as do not provide a secure, longterm revenue stream, but will form an important component of the revenue stack.
17. Should participants from specific sectors with historical carbon emissions be
eligible to apply for the credit or should the credit be economy-wide?
Not answered
18. If the government were to introduce a GGR obligation scheme, which
businesses and emitting sectors could this cover? How could such a scheme be
designed to minimise competitiveness impacts and regressive passed-through
costs (e.g. to consumers and bill-payers)?
GGRs are required to offset the residual emissions of hard to abate sectors such as
aviation, heavy industry, refining and agriculture. An obligation scheme could be placed on
users or suppliers of particular products as a way of ensuring demand for GGRs and to
fund GGR deployment. Obligated parties could be required to meet a proportion of their
emissions reductions requirements using GGRs which meet minimum criteria for
permanence and volume, thus creating a specific demand for high quality negative
emissions technologies. This obligation would need to be matched by a reward per tonne
of CO2 removed for remover. For example, DACCS could be included in the RTFO
(mirroring the Californian Low Carbon Fuel Standard and Canada’s proposed Clean Fuel
Standard) where DACCS projects are eligible to directly generate credits based on net
atmospheric CO2 captured and permanently sequestered.
In general, narrow transport-specific policies are critical. Broad schemes such as the UK
ETS which include easier to decarbonise industries will generate credits from cheaper
removal and avoidance products and risk some removal projects never being incentivised
without intervention despite their inherently different nature.
However, obligation schemes can result in price uncertainty for developers and the
obligated industry, which can impact investor confidence for project development and lead
to operational cost uncertainty for industries which provide essential products and services
for the UK. At worst, this could result in carbon leakage if obligated industries move
outside the UK.
19. What other regulatory approaches could government explore to incentivise GGR
deployment?
Not answered
20. What are the merits and risks of introducing payment schemes for GGRs,
potentially involving up-front grants or payments for each tonne of CO2 stored?
Which GGRs would be suitable for a payment scheme?

Payment schemes per tonne of CO2 stored are a route to providing direct remuneration for
negative emissions, which a major commercial barrier for GGRs today. To provide support
to FOAK projects, the payment scheme would likely need contractual backing to provide
certainty for investors.
Grants and loans are well suited to supporting smaller volume projects, less capital
intensive GGRs, or GGRs will very low operating costs, and therefore are most applicable

to demonstration projects and nature-based solutions. Grants and loans are less well
suited for large scale engineering projects which have high ongoing operating costs
21. Could a contract scheme be effective in incentivising GGRs such as DACCS and
BECCS? What would be the main challenges and limitations of such a
mechanism, and how could it be designed to maximise its effectiveness?

Government backed contracts could be a highly effective way of incentivising
technological solutions such as BECCS and DACCS, particularly for FOAK projects, as
are well understood by investors. The have the added benefit of enabling government to
procure specific volumes of GGR at a timescale which supports net zero commitments,
rather than simply waiting for the market to deliver. However, to support long-term value
for money and a true realised price for negative emissions, government should consider
how this mechanism can be transitioned to a market-led mechanism.

22. What could a cap and trade scheme for negative emissions look like, and which
sectors would you propose to be included in such a market?

A cap and trade scheme such as the UK ETS could be amended to include negative
emissions to provide revenue support to well established GGRs in long term. In a similar
manner to the way industrial emitters receive free allowance for a proportion of their
carbon emissions, free allowance could be granted to GGR technologies per tonne of CO2
removed. The allowances can then be sold to emitters who require negative emissions to
meet their obligations, without needing to physically trade CO2.
To ensure uptake of GGRs, a soft obligation could be placed on certain emitters to meet a
proportion of their obligations via negative emissions. This mechanism would likely favour
low cost GGR options, so careful consideration would be needed to ensure higher price
GGRs were sufficiently supported through this mechanism and that a suitable price floor
could be maintained.
This system would be unlikely to support FOAK projects or even medium term projects
due to the likelihood of price volatility and the potential for a low floor price (UK ETS ARP
set to £22 t/CO2) but could provide a top up to subsidies or a support for projects coming
off subsidies in the long term.

23. The costs of different GGR technologies vary significantly. How could a cap and
trade system address these differences? How could a cap and trade system be
used to incentivise initial investment in any future emerging GGR technologies
over a long-term trajectory?

As discussed above, we believe a cap and trade system could provide support to a broad
range of GGRs in the long term if the carbon price rises sufficiently. But we do not believe
it an effective mechanism for supporting the near-term deployment of a portfolio of GGRs
as is likely to favour established, low cost options. can provide support for near term
project deployment.

24. What role can government play in encouraging more companies to make
voluntary commitments to invest in GGR technologies in the UK? To what
extent can this support innovation in, and deployment of, these technologies?

Voluntary markets demonstrate increasing private sector appetite for GGRs and make a
clear case that the demand side of a negative emissions market is developing. To ensure
a broad portfolio of GGRs are brought forwards which support private sector demand as
well as government ambition, consideration must be given to how voluntary markets
interact with cap and trade system and national Paris commitments.
For early projects, securing private deals for negative emissions could be a way of
demonstrating project feasibility and may be used in combination with government
support, potentially enabling subsidy costs to be reduced. However, existing private deals
are overwhelmingly based on existing low cost GGR mechanisms. Regulatory change is
needed to promote investment in GGRs that are not yet at commercial scale.

Chapter 3 - supporting policies that will be needed to support at-scale deployment of GGRs
in future
25. What are your views on the government’s intention to coordinate deployment of
GGR technologies such as DACCS and BECCS in line with our stated CCUS
ambitions, and how could we best do this?

The Coalition strongly supports coordination of the deployment of BECCS and DACCS
with T&S infrastructure. Aligning deployment of large scale GGRs through CCUS clusters
allows economies of scale to be realised. To support the continued role out of GGRs at
and beyond initial clusters, T&S infrastructure must be built with extra capacity, allowing
new projects to come forwards in the late 2020s. As such, we propose that the target for
CCUS deployment outlined in the 2020 Energy White Paper of 10 Mt CO2 to be captured
per year by 2030 should be viewed as a floor. To promote further coordination the
government should consider setting a target for deployed engineered GGR capacity in line
with the CCUS target.
26. What principles would you wish to see in any accreditation scheme for negative
emissions? How should the government regulate this? Any evidence relating to
best practice of existing negative emissions MRV is welcomed.

Any accreditation scheme must be accompanied by robust and repeatable MRV system
and should utilise well established bodies such as UKAS or ISEAL if possible.
It may be difficult to use the same methodology to verify all GGR technologies, but it is
essential that all GGRs can be compared like-for-like (e.g. with and without supply chain
emissions, or comparisons for different timescales of storage).
27. What are the most significant barriers to developing a robust monitoring,
reporting and verification system for GGRs?

The different levels of storage permanency provided by GGRs may require separate MRV
methods. For example, some nature-based solutions may not store carbon permanently

and may rely on proxy indicators for volumes stored, so require an MRV system based on
estimates of carbon stored on a yearly basis. Whereas technological solutions which can
store carbon permanently and where CO2 volumes can be directly quantified (such as for
DACCS) could use an MRV system which measures the tonnes of CO2 sequestered.
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National Infrastructure Commission Greenhouse Gas Removal Call for Evidence –
Drax Group Response
Evaluation of GGR Technologies
1. What technological approaches do you consider fall under the two categories
of GGR technologies covered by this study of BECCS (including biogenic
waste with CCS) and DACCS? Are there any others that we should consider?
The Climate Change Committee in their 6th Carbon Budget Advice ‘Balanced
Pathway’ central scenario outlined that approximately 58MtCO2 of negative
emissions per year from ‘engineered’ GGR technologies will be required1. Of this
58MtCO2, approximately 53MtCO2 will be required from BECCS. The CCC analysis
also breaks down BECCS into individual sectors with BECCS power (19MtCO2),
BECCS hydrogen production (14MtCO2), BECCS biofuel production (8MtCO2), and
BECCS energy from waste plants (7MtCO2) all playing significant roles in providing
negative emissions. In the Headwinds scenario BECCS power provides 39MtCO2 of
the total 88MtCO2 required from ‘engineered’ GGR technologies.
National Grid ESO in the 2020 Future Energy Scenarios (FES) outlined a significant
role for BECCS in meeting net zero 2050 targets2. All three of their net zero
scenarios require BECCS in power in order to meet net zero in 2050. Between 4GW
and 8GW of BECCS are deployed in the power sector alone providing between
49MtCO2 and 61MtCO2 of negative emissions per year. BECCS is also a key part of
reaching net zero early in the power sector with the sector able to reach net zero
between 2030 and 2033 as a result of BECCS deployment alongside the continued
rollout of intermittent renewables such as wind and solar.
The Royal Society and Royal Academy of Engineering Academy of Engineering
came to a similar conclusion in their analysis, with 130 MtCO2 of residual emissions
remaining by 2050 primarily from the aviation and agriculture sectors3. In their
scenario, BECCS (50MtCO2) and DACCS (25MtCO2) can remove over half of these
residual emissions with contributions from ‘nature-based’ GGRs making up the
remainder.
Different BECCS technologies are at varying stages of development. BECCS power
should be considered a technology readiness level 8 technology as biomass power
generation is a mature technology at a commercial scale and post-combustion CCS
has been proven at commercial scale on coal plant. Biomass flue gas is very
beneficial for post combustion CCS in comparison to coal. Whilst the CO2 volume is
similar at 11-13% and the O2 volume is also similar at 6%, biomass flue gas is
advantageous in that it contains minimal to zero levels of sulphur contaminants, and
nitrogen based emissions are much lower than coal which is beneficial for capture
projects. Drax has already piloted various forms of liquid solvents and has
undertaken third party validation testing at the SINTEF research facility in Norway to
re-affirm the above. It is ready to take a Final Investment Decision on BECCS subject
to an appropriate investment framework both for the UK Government and investors.
Other BECCS technologies may be at different TRL’s from BECCS power.

1

https://www.theccc.org.uk/publication/sixth-carbon-budget/
https://www.nationalgrideso.com/future-energy/future-energy-scenarios/fes-2020-documents
3 https://royalsociety.org/-/media/policy/projects/greenhouse-gas-removal/royal-society-greenhousegas-removal-report-2018.pdf
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At Drax Power Station we can deliver at least 8MtCO2 of negative emissions per
year from the first phase of BECCS from the late 2020’s. This first phase will act as
an anchor BECCS project for the UK, unlocking future investment from Drax and
other BECCS and GGR developers and providing technical learnings which will
enable BECCS and other GGR technologies to grow in the UK and globally,
throughout the 2030s. Implementation of BECCS at the Drax Power Station would,
with one project, provide virtually all of CO2 removals that the independent expert
organisations listed above state will be required in the UK by 2030.
2. What are the constraints (beyond funding) to the potential size of a UK-based
GGR industry? At what point do these constraints come into effect and impact
the development of adequate capacity to meet the net zero ambition?
Constraints could include requirements for inputs, e.g. sustainable biomass,
and infrastructure and accounting requirements.
The biggest constraint to the deployment of GGR technologies is the lack of
remuneration for negative emissions and a lack of a policy and market framework to
address this. This is discussed at length in our later answers to the call for evidence.
For CCUS enabled GGR technologies such as BECCS and DACCS these
technologies are reliant on the availability of a Transport and Storage (T&S) network
to take captured CO2 for storage. The development of T&S networks in the UK is
moving at pace, as well as the development of a business model to support these
networks. Timely development of the T&S network will be critical for CCUS enabled
GGR technologies to develop, and it will be important that Government provides
clarity and visibility around key milestones in the development on T&S in order to
give investors in GGR technologies the confidence to proceed.
It is also vital that the support regime for BECCS and DACCS projects is developed
in a timely manner to ensure that these projects, which can provide significant anchor
loads to T&S networks, are developed in step with the wider T&S system. For
example, in the Humber industrial cluster the first BECCS unit at Drax could be
deployed by 2027 and provide ~4 Mtpa CO2 – the largest source of CO2 in the
Humber T&S network. To enable the Drax project to commission in that timeframe, it
is critical that BECCS projects are eligible for Track-1 / Phase Two selection as part
of the selection process BEIS will run for capture projects in Q3/Q4 this year.
Whilst the development of T&S network business models is moving at pace, the
appraisal of storage sites suitable for storing CO2 is moving slowly. Most projects in
the UK are reliant on the historical information of appraised sites from the first
attempt to deploy CCUS projects several years ago. Given the increased ambition
around CCUS deployment since initial appraisal there is a risk that appraised storage
sites will be unable to handle the potential volumes of CO2 from multiple projects.
Therefore, the government should look to incentivise appraisal of additional storage
sites to prevent a bottleneck in CCUS and GGR deployment.
The availability of sustainably sourced biomass if often cited as a constraint to
deployment. Whilst we recognise that sustainable biomass is a finite resource, we
are confident that availability of sustainably sourced biomass is high enough that the
UK could meet the 50MtCO2 of negative emissions required from BECCS, subject to
an attractive investment framework, without compromising biomass sustainability

criteria. Deploying BECCS at Drax Power Station would not represent a material
increase in the volumes of biomass already being procured for the current operation
of the plant today. Globally, our analysis has indicated that approximately 4GtCO2
per year of negative emissions can be produced utilising sustainably sourced
biomass in BECCS, even utilising highly stringent sustainability criteria.
Across GGR technologies, lifecycle and supply chain emissions are accounted for
differently. For example, BECCS is heavily scrutinised across the lifecycle emissions
of biomass and across supply chain emissions. This scrutiny often does not extend to
other GGR technologies, or even other decarbonisation technologies. There should
be consistency in the way in which all technologies are assessed on lifecycle and
supply chain emissions to enable a meaningful comparison. In absence of this likefor-like assessment certain GGR technologies may be unfairly penalised in their
deployment, leading to a suboptimal solution for GGR deployment.
Market Mechanisms and Policy Frameworks
3. What are the current barriers to deploying GGR technologies at scale in the
UK?
There are a number of barriers which currently prevent GGR technologies from being
deployed at scale. It is worth noting that almost all the barriers are policy or
commercial barriers rather than technical barriers to deployment. Drax has proven
the technical capabilities of BECCS through the operation of pilot facilities at the Drax
power station.
The primary barrier to deploying GGR technologies at scale is that negative
emissions are not properly accounted for within frameworks for decarbonisation.
Carbon markets are not mature, are unable to provide a revenue stream for negative
emissions or cannot provide price certainty to make most GGR projects investable.
Negative emissions are not rewarded through schemes like the UK-ETS or EU-ETS,
and, whilst voluntary markets are beginning to develop, these are currently immature
markets. In order to support the deployment of GGR technologies at the scale
required to meet net zero and decarbonisation ambitions a government policy
framework is required to support their early deployment, and to encourage the
development of carbon markets to support negative emissions over time.
As well as negative emissions not being rewarded, other sources of value from
BECCS power facilities are also not fully recognised through market frameworks at
present.
• Low-carbon power – can be partially remunerated through wholesale
markets however these markets do not fully reward low carbon power or
provide revenue stability to investors in low carbon power projects. Support
mechanisms such as Contracts for Difference exist which could be used to
support the low carbon power generation aspect of BECCS.
• Reliable source of capacity – in addition to the power being produced being
low-carbon, a BECCS facility can provide a reliable source of firm generation
capacity.
• Ancillary services – a BECCS power project could also provide valuable
system services such as inertia, voltage control etc. which are increasingly

•

•

•

valuable to National Grid as it has to operate a system with an increasing
quantity of intermittent renewables.
Learning and innovation – the deployment of a FOAK BECCS power can
provide learning and innovation findings to other GGR and CCUS
technologies both from a technical and policy perspective. There is no market
for innovation and no means in existing market frameworks for a FOAK
BECCS power projects to be rewarded for the innovation provided.
Spillovers in shared skills and infrastructure – the deployment of a
BECCS power project will support the development of a skilled workforce
which can be applied to other BECCS projects, GGR projects and wider
CCUS projects. Similarly, the deployment of a BECCS project could act as an
anchor load for a CO2 Transport and Storage network for the benefit of other
CCUS and BECCS projects in the region. These benefits are not currently
recognised through market frameworks available to GGR technologies.
Socioeconomic benefits – GGR technologies, particularly large-scale
infrastructure projects such as BECCS, have great potential to support green
economic recovery – particularly in industrial heartlands in the North of
England that are a focus of the Government’s ‘levelling up’ agenda. Scaling
up BECCS at Drax for example could support thousands of jobs during
construction at its peak and contribute significantly to the local economy
annually, according to a report from Vivid Economics4.

In addition to financial barriers to deployment there are a number of other barriers
to deploying GGR technologies. GGRs are a diverse group of technologies with
varying benefits and costs associated with them. At present GGR technologies
are grouped together as one set of technologies with this approach meaning that
GGRs are compared against each other. Whilst an element of comparison is
required when modelling net zero scenarios to establish the potential of each
technology, grouping GGR technologies when looking at policy and market
frameworks to support them presents barriers given the highly diverse nature of
GGR technologies with differing characteristics, benefits, and costs, this includes
within ‘engineered removals’ such as BECCS which itself is a highly diverse
group of technologies.
Two of the GGRs with the greatest deployment potential, BECCS and DACCS,
are heavily reliant on the deployment of CCUS infrastructure and storage sites to
store captured CO2. Whilst the government is making good progress in
developing business models to support the deployment of CO2 Transport and
Storage (T&S) networks the lack of clarity around a business model to support
BECCS and DACCS means that there is uncertainty around deployment in the
different UK CCUS clusters. The government must ensure that T&S networks can
facilitate the deployment of BECCS and DACCS projects and that appraised
storage facilities are capable of handling CO2 from multiple large sources within
clusters include GGR projects.
4. Can these barriers be overcome in time through delivery of new government
policy mechanisms? If yes, what policy do you consider could be applied, why
and by when? If no, what other actions are necessary and by whom?

4
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Yes, the introduction of new government policy mechanisms can support the
deployment of GGR technologies in line with the government’s net zero ambition and
deployment pathway as outlined by the CCC.
Given the differences between GGR technologies we believe that initial deployment
of GGR technologies should not adopt a technology neutral approach to deployment
and instead focus on the introduction of policy mechanisms to support a range of
GGR technologies that are ready to deploy. BECCS power projects are one of those
GGR technologies that are ready for deployment.
To support a first of a kind (FOAK) BECCS power project, mechanisms which cover
the two primary sources of value from the project, power and negative emissions, are
required. A dual payment mechanism, which covers each of these sources of value
can meet the criteria for incentivisation of a BECCS project.
•

To cover power market revenues the introduction of a power Contracts for
Difference (CfD) for BECCS is preferred. Under this approach power
consumers would fund the low-carbon power, and associated benefits of this
power being firm and providing ancillary services, which they benefit from.
BECCS power would likely operate at high load factors to maximise negative
emissions generation and payments under the CfD would be set against the
season ahead reference price.

•

To cover remuneration for negative emissions a separate ‘carbon payment’
would also be needed. This would provide a fixed payment per tonne of
negative emissions produced on a contractual basis. The payment level
would be set to cover the additional costs of capturing CO2 including, but not
limited to, the operational costs of a capture facility, use of a T&S network,
and spillovers in shared skills and infrastructure. This payment could be
funded by a wide range of consumer segments such as fossil fuel consumers
or residual emitters or could be supported using taxpayer funds.
Under this approach the government could look to implement a carbon
payment with an availability payment and a volumetric payment. In
circumstances when CO2 cannot be captured and stored because the T&S
infrastructure is unavailable, the negative emission availability payment would
continue to be made to the BECCS project.

We believe that this dual mechanism deployed within a single package could support
a BECCS power project.
In the longer term, we would expect the role of government to change from
supporting bespoke policy mechanisms, to introducing a long-term subsidy-free
market mechanism to support established GGR projects and the continued rollout of
new projects. This long-term framework will involve establishing negative emissions
within the UK-ETS and voluntary carbon market and ensuring that regulatory clarity is
available to operators and developers to enable long-term planning for projects.
5. Are there existing policies that will need to be adjusted to enable the
development and deployment of the different GGR technologies?

The introduction of negative emissions into a cap and trade scheme such as the UKETS or EU-ETS should be a long-term objective of the government in supporting
GGR technologies.
Under this scheme, GGR technologies would be rewarded per tonne of CO2 abated
through the allocation of an allowance which could then be sold in the market for
emitters to cover their obligation. Assuming, in the long-term, all emissions and
sectors of the economy are covered under the ETS, this would ensure that the
required level of negative emissions are deployed to cover residual positive
emissions and prices would be set which ensure that a range of GGR technologies
can deploy as required.
As discussed earlier, the ETS is not a suitable method of deployment for FOAK GGR
technologies such as power BECCS. The low prices of the ETS coupled with
revenue uncertainty in the ETS means that investor confidence in the scheme would
be difficult to secure. However, we believe that the ETS will be a vital part of the
transition to a subsidy-free market-based approach and the government should look
at how negative emissions can be introduced in the longer term. As part of this, the
government should consider how the UK-ETS and EU-ETS will interact under any
linking mechanism particularly if negative emissions are rewarded through one
scheme and not the other.
We believe that in the long-term there will be a role for carbon offset and removal
markets to support GGR technologies at scale. Key to this will be the interaction
between these voluntary markets and mandatory traded schemes such as the ETS
and the government should carefully consider where mandatory schemes are
appropriate and where voluntary schemes are appropriate.
In the short term, voluntary markets alone will be unable to support large scale FOAK
GGR projects such as BECCS power project, in part because of the low quality and
low price of the credits currently available within the market and in part because
voluntary offset schemes by their nature do not attract investor confidence given the
limited contractual frameworks in place. It may be possible for voluntary markets to
offset some of the subsidy cost of support FOAK projects by incentivising developers
to seek contracts through voluntary markets. The details of exactly how this would
work would need to be carefully designed during the development of business
models for GGR technologies.
6. What principles should guide the design of a funding framework for GGR
infrastructure to ensure fairness in paying for the costs of deploying and
operating this infrastructure and address distributional impacts challenges?
There are a number of factors that should be considered when designing a
framework for the incentivisation of GGR technologies these include investor
confidence and ensuring value for money but also include aspects such as
permanence and scalability as well as transitioning to subsidy-free market-based
approach to deploying GGRs. We explore each of these in turn.
•

Investor Confidence – Given the primary barrier to deploying GGR
technologies is the lack of market frameworks to recognise the value that
GGR technologies provide, any market framework will need to address this in

•
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order to provide investor confidence. These market frameworks should also
be designed to attracted innovation and new entrants to the market and be
able to instil confidence across the supply chain for GGR technologies. Drax
can secure the investment required to build a large-scale BECCS project
subject to investor confidence being met.
Value for Money – any policy framework to support the deployment of GGR
technologies should ensure value for money to consumers or taxpayers.
Value for money does not necessarily mean choosing the cheapest
technology for early deployment at the expense of other technologies but
ensuring that overall deployment of GGR technologies drives a cost-efficient
way of reaching net zero across the UK economy.
Achieving this cost-efficiency will require several elements from a market
framework, including driving efficient management of investment costs,
driving efficient quantity of GGR deployment, incentivising efficient dispatch
and operation, and allocating risk in an appropriate way.
Fair Cost Sharing – since GGRs are a diverse group of technologies with
multiple co-benefits and, in the case of power BECCS, produces two highly
valuable products (power and negative emissions), a market mechanism
should ensure that costs are shared fairly between the beneficiaries of these
products.
Permanence and Scalability – permanence and scalability will be highly
important to ensure that GGR technologies can achieve their role in meeting
net zero. Each GGR technology will have differing characteristics when it
comes to permanence, for example BECCS and DACCS are able to provide
a high level of confidence in the volume of atmospheric CO2 removed by
storing the CO2 permanently in underground stores. In contrast, some
‘nature-based’ solutions such as afforestation will require continued
maintenance of the forest or cycles of harvest and regrowth to continue to
sequester emissions and minimise the risk of release from an unforeseen
incident. Similarly, scalability of GGR technologies varies with some
technologies such as soil carbon sequestration limited in their deployment
potential (10MtCO2 per year) with others having a much higher deployment
potential. The government should ensure that these differences in
characteristics are accounted for within a policy framework with the Oxford
Principles for Net Zero Aligned Carbon Offsetting recommending a shift to
prioritising long lived storage technologies.
Technology Neutrality – given the clear differences between the
characteristics of GGR technologies we believe that a technology neutral
approach to a policy framework is unsuitable, at least for early projects.
Adopting a technology neutral approach would likely result in the cheapest (in
the short-term) forms of GGR being deployed regardless of permanence,
scalability, or other co-benefits produced by alternatives. It is clear from the
CCC’s work on GGR’s that a range of technologies will be required at various
scales, and a technology neutral approach would mean that initially more
expensive, but nonetheless vital, technologies may not be able to be
deployed.
Feasibility – as well as ensuring that multiple technologies can be supported
under these frameworks, any market framework that is introduced for GGRs
should be assessed against several feasibility criteria such as, investor

•

familiarity, administrative burden, wider policy and state aid compatibility, and
timely implementation.
Transition to a market-based approach – over time we would expect any
policy support mechanism to transition to a subsidy-free market-based
approach over time. Initial design of a policy framework should consider how
this transition would occur.

7. What policy mechanisms could be used in the short term to catalyse the initial
deployment of GGR technologies?
As discussed in an earlier answer, policy mechanisms in the short term should be
bespoke to support FOAK projects. For BECCS power this would mean the
introduction of a dual mechanism of a CfD for the power generated, and a negative
emissions payment to cover the negative emissions produced.
We believe that this dual mechanism, deployed within a single package, could
support a BECCS power project and have assessed the mechanism against the
criteria for an incentivisation framework as outlined earlier.
•

•

Investor Confidence – under the dual CfD / negative emissions payment
approach market revenues will be secured for a BECCS power project and a
power CfD is well understood instilling investor confidence. Revenue certainty
will reduce the cost of capital of a BECCS project and should help to attract
new entrants, innovation, and instil supply chain confidence. Securing a
contractual payment for negative emissions is particularly important because,
as a new market, investors will require certainty that they can receive a return
on investment. If investors had to take power price risk, for example in the
absence of power CfD element of the dual mechanism, the cost of capital of
the project would be materially increased. Equally, investors will not be willing
to take T&S risk so it will be important that the support mechanism for BECCS
does not leave investors exposed to T&S risks which are outside their control.
Value for Money – the CCC analysis has demonstrated that deploying
BECCS in the late 2020’s and beyond is value for money in terms of putting
the UK on the least cost trajectory to meet its net zero target in 2050.
Negative emissions from BECCS are an essential and cost-effective way of
offsetting residual emissions across the economy, which would be much more
expensive and/or impossible to reduce fully. An approach which does not
recognise the multiple co-benefits that a BECCS power project produces and
instead only recognises value from negative emissions is not likely to support
its deployment. A bilaterally negotiated dual mechanism consisting of a power
CfD and payment for negative emissions could ensure that a BECCS
developer received appropriate revenue for both renewable power and
negative emissions plus a fair rate of return, thereby ensuring that the project
was value for money for consumers and/or taxpayers. As carbon markets for
negative emissions develop (e.g. through the UK-ETS or voluntary markets),
it is possible that BECCS projects could obtain market revenue for negative
emissions, which could be used in part to offset the negative emissions
payments under the CfD, reducing the amount of support required from those
funding the negative emissions component of the CfD. Risk allocation
between the developer and consumers/taxpayers will also need to be
considered within the dual mechanism approach, however we do not
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envisage this approach would hinder the efficient allocation of risk in
comparison to an alternative mechanism.
Fair Cost Sharing – the dual mechanism approach means that the
beneficiaries of each of the co-products can fund each of these products
separately. For low-carbon power, the CfD approach means that power
consumers can fund this element of the BECCS project, and for the carbon
payment, this can be funded by consumers or taxpayers who will benefit from
the negative emissions being produced.
Permanence and Scalability – as previously mentioned, different GGR
technologies will have different characteristics when considering the
permanence and scalability of each technology. A BECCS project will
permanently sequester CO2 in offshore saline aquifers and/or depleted
oil/gas fields so a negative emissions payment should reflect this
sequestration. BECCS technologies are also highly scalable with CCC
analysis indicating that in excess of 50MtCO2 per year could be deployed by
2050. The proposed dual mechanism will enable initial FOAK BECCS
projects to deploy as a first step to ensuring this deployment level can be met.
Feasibility – the dual mechanism approach to supporting a BECCS power
project can be assessed against several feasibility criteria. The administrative
burden of this mechanism should be relatively low, however since carbon
payments are a new form of support there may be additional work involved in
designing and administering these payments. This mechanism should be
relatively familiar to investors, the power CfD element is a highly familiar
concept, and the carbon payment should be practicable for investors. The
mechanism should not encounter any issues around wider policy and state
aid compatibility although overall level of support through both mechanisms
will need to be accounted for. The dual mechanism could be introduced in a
timely manner as power CfD’s are already available, and payments for
negative emissions are a relatively simple concept.
Transition to a market-based approach – the negative emissions
component of the dual mechanism could build in the principle that any
revenue from negative emissions within the UK-ETS or voluntary carbon
markets could be used in part to offset negative emissions payments received
through the dual mechanism. As carbon markets develop and the price of
carbon across the economy rises, it should ultimately be possible to transition
to an approach whereby carbon removal / GGR technologies can be funded
on the basis of market revenues alone.

8. Is there evidence of lessons from other sectors or countries that can inform
the development of the policy framework for GGR technologies in the UK?
There are several examples of business models used in other sectors which could
complement new schemes to incentivise GGR technologies.
In the power sector the Contracts for Difference scheme is the primary method by
which new renewables and low-carbon capacity is deployed. Under this scheme
investors are provided with revenue certainty for the electricity produced by individual
projects. The private law contract with the Low Carbon Contracts Company
counterparty means that the cost of capital to invest in renewable and low-carbon
electricity projects is very low.

Under the CfD scheme, the costs of deploying offshore wind have fallen from
£157/MWh in 2015, to just £39/MWh in the most recent auction held in 2019 due to
learnings around deployment reducing costs and the reduced cost of capital as
investors became comfortable with the scheme. Whilst such drastic reduction in
costs may not be possible for the deployment of GGR technologies, the deployment
under a similar scheme would result in reduced costs for consumers or taxpayers.
As discussed earlier, we believe that a dual mechanism for FOAK BECCS power
projects could support their deployment, with a CfD covering the renewable power
element of BECCS and a negative emissions payment covering the negative
emissions produced by BECCS.
The UK Emissions Trading Scheme (UK-ETS) could also play a role in supporting
the deployment of GGR technologies. The UK-ETS was introduced to replace the
EU-ETS following the UK’s departure from the European Union and, given the
government’s intent to try and link the UK-ETS to the EU-ETS, we have assumed the
scheme design to be very similar, at least in the near term. Under the UK-ETS
negative emissions are not currently rewarded but could be introduced in the future
following an amendment to the scheme.
Under the ETS industrial emitters will receive free allowances to protect them from
carbon leakage. A similar mechanism could be introduced to support negative
emissions by providing a free allowance for per tonne of CO2 removed by GGR
technologies. These allowances could then be sold to carbon emitters to enable them
to meet their obligations.
We do not think the reward of negative emissions in the UK-ETS alone would be
sufficient to support FOAK GGR projects due to the price uncertainty of allowances
and the low value of allowances at present (average price in 2019 was €25 t/CO2),
however the ETS could be an effective way of deploying nth of a kind projects and
provide revenue support to FOAK projects at the end of their subsidy regime.
The evolution of voluntary carbon markets could also play a role in supporting GGR
technologies. We are aware of an increasing number of companies looking to source
negative emissions to offset their residual positive emissions and to address
historical emissions contributions. As such, the role and value offered by voluntary
carbon markets could be expected to increase in future.
Whilst voluntary markets are unlikely to support large scale GGR deployment in the
UK in the short term, they could be used to supplement the income received through
government support mechanisms and through mandatory traded schemes such as
the UK-ETS. The government should carefully consider how voluntary carbon
markets could interact with policy mechanisms to support and be integrated in future
long-term subsidy-free market mechanisms for GGRs.
The utilisation of CO2 captures through engineered GGR removals such as BECCS
and DACCS could also provide supplementary income for GGR technologies. One of
the major markets for CO2 utilisation could be the production of synthetic fuels. The
Renewable Transport Fuels Obligation (RTFO) is the primary route to market for low-

carbon fuels and the government should consider how this this policy could interact
with a wider policy framework to support GGR technologies.
Development and Deployment
9. Considering the current level of development of relevant technologies, from an
engineering and planning perspective, how long would it take to get these
technologies to the stage of being able to be deployed? And to the stage for
construction of plants?
BECCS power at the Drax Power Station is ready to be deployed. As discussed, we
believe BECCS power should be classified as TRL level 8 given the maturity of
biomass combustion for power and post-combustion CCUS applications. Over the
last few years Drax has undertaken extensive testing and validation work to assess
BECCS power through various pilots at Drax and testing at the SINTEF research
facility in Norway. We are ready to take a Final Investment Decision on BECCS
subject to an appropriate investment framework both for the UK Government and
investors.
Drax recently announced the commencement of the Development Consent Order
process for the BECCS project5 which will typically take 2 years to complete.
Assuming the development of favourable government policy, and a smooth DCO
process, Drax will be able to take a FID in late 2023 for delivery of negative
emissions by 2027.
10. Are there parts of the end-to-end GGR delivery chain that only government can
provide, or will adequately designed market mechanisms be enough to unlock
the delivery chain?
Not Answered.
11. What comparative advantage might the UK have in developing and deploying
GGR technologies or in any future global market for negative emissions?
Assuming deployment barriers are properly addressed, the UK will be able to deliver
on the BECCS ambition that the CCC say is required to meet the UK’s net zero
ambition. The UK is well placed to become a global leader in BECCS technology
given its extensive biomass logistics infrastructure and access to CO2 storage sites.
The UK has been a world leader in utilising sustainably sourced biomass within
various applications such as power generation for a number of years. For example,
the Drax Power Station has converted 4 of its 6 generation units to operate on
biomass instead of coal. As a result, extensive logistics infrastructure has been
developed across the UK and abroad to service the UK’s biomass industry. The UK
is therefore well placed to support the transition of this industry from biomass to
BECCS by utilising these existing logistics chains.
For BECCS there are various estimates about the scale of domestic biomass that
can be procured and the role of imported biomass. Drax views international biomass
5

https://www.drax.com/press_release/drax-kickstarts-application-process-to-build-vital-negativeemissions-technology/

supply chains as highly complementary to the domestic scale up of supply chains. It
is highly unlikely that the 50MtCO2 ambition for BECCS can be met by domestic
supply chains alone. However, we are undertaking analysis in collaboration with
several UK stakeholders to assess what quantum of UK biomass would be feasible
as part of Drax’s sourcing strategy for its initial BECCS units.
In order to meet the ambition of BECCS required, and to showcase UK climate
leadership, the government must act quickly to support the deployment of GGR
technologies by developing policy mechanisms to support the diverse group of GGR
technologies. For BECCS and DACCS the UK is well placed to capture and store the
negative emissions produced by these technologies given its abundance of access to
storage sites. Under ambitious scenarios, the UK could act as a ‘hub’ for European
negative emissions given well established to supply chains, infrastructure and
geological storage capacity as identified in a possible scenario for BECCS in work
undertaken by the CCC6.
12. What do you consider to be the regional impacts of deploying GGR
technologies at scale? This should cover both positive and negative impacts.
GGR technologies, particularly large-scale infrastructure projects such as BECCS,
have great potential to support green economic recovery – particularly in industrial
heartlands in the North of England that are a focus of the Government’s ‘levelling up’
agenda. Scaling up BECCS at Drax for example could support thousands of jobs
during construction at its peak and contribute significantly to the local economy
annually, according to a report from Vivid Economics7. The rollout of BECCS and
other GGR technologies across the UK can have similar impacts on regional
development through job creation and support.

6

https://www.theccc.org.uk/wp-content/uploads/2018/11/Biomass-in-a-low-carbon-economy-CCC2018.pdf
7 https://www.drax.com/about-us/levellingup/
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EDF Response to the Call for Evidence on Greenhouse Gas Removals
EDF is the UK’s largest producer of low carbon electricity. EDF operates low carbon nuclear power
stations and is building the first of a new generation of nuclear plants. EDF also has a large and
growing portfolio of renewables, including onshore, offshore wind and solar generation, as well as
coal and gas stations and energy storage. With around five million electricity and gas customer
accounts, including residential and business users, EDF aims to help Britain achieve net zero by
building a smarter energy future that will support delivery of net zero carbon emissions, including
through digital innovations and new customer offerings that encourage the transition to low
carbon electric transport and heating.
EDF welcomes the call for evidence and the exploration of the role that greenhouse gas removals
(GGR) may play in achieving net zero emissions, and the policy mechanisms that might be suitable
for facilitating the development of GGR technologies. A significant contribution from GGR
technologies is likely to be needed to achieve net zero and to balance residual emissions from very
hard to abate sectors. Equally we strongly support the government’s position that GGR
technologies should not be viewed as a substitute for large scale emission reductions – a
combination of electrification and new technologies such as low carbon hydrogen has clear
potential to achieve large-scale carbon reduction across wide areas of the economy.
EDF also welcomes the progressive approach government is taking to support research,
development and demonstration projects in the area of GGRs and specifically the launch of the
Direct Air Capture and Greenhouse Gas Removal Innovation Programme. Initiatives of this kind are
vital to advancing the early stage potential of GGR technologies and helping to address
outstanding commercial and technological questions with different options and enhancing our
collective understanding of the scale and cost-effectiveness of negative emissions which may be
achievable. The Sizewell C team at EDF is participating in a consortium bid to this programme
aimed at demonstrating in detail the significant potential to link new nuclear power with an
emerging Direct Air Capture (DAC) technology.
There is substantial synergy between nuclear power and DAC arising from the significant heat
demand needed for operating DAC processes. New nuclear power is uniquely well placed to
provide large volumes of low cost, low carbon heat. While existing nuclear reactors in the UK do
not exploit most of the heat from nuclear energy, there are a wide range of international examples
of nuclear stations providing heat supplies for local industries or communities and EDF’s Sizewell C
project is exploring how a small modification to the power station can allow steam to be tapped
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and provided for a range of potential applications including efficient hydrogen production, DAC or
other industrial or commercial heat demands.
The ability of new nuclear power to provide large volumes of low carbon heat creates clear
potential for DAC processes to scale up rapidly as well as operate more cheaply and efficiently than
would otherwise be possible, and thus with lower costs per tonne of CO2 captured – expanding
the potential scale of the role that DAC could play in providing negative emissions. As well as
assisting in achieving the UK’s own net zero targets, linking new nuclear with DAC in the UK could
also provide technological and commercial operating experience which could be exploited on an
international scale.
Our more detailed response to the call for evidence provides further information on the potential
for new nuclear power to support more cost-effective DAC operations. We also provide some
wider commentary on some of the key considerations which we believe should inform comparison
of different low carbon and GGR technology options, including bioenergy with carbon capture and
storage (BECCS), and our initial thoughts on some of the different policy options presented for
supporting GGR projects and technologies. We also welcome the government’s recognition that
robust monitoring, reporting and verification processes will be required if credibility is to be
achieved for all projects and markets operating within negative emissions support or trading
scheme. Robust processes will also be needed at an international level, not only to address
circumstances where GGR projects extend across international boundaries, but also for the wider
international carbon offset market. This is today largely unregulated, but GGR options could play a
long-term role in these markets by enabling industries in the hardest-to-abate category a
mechanism for offsetting their residual emissions.
We hope this response is useful as Government develops its policies and understanding of GGR
options and we would of course be happy to discuss any of the elements of our response in further
detail, should that be helpful. Please contact xxxx in the first instance.
Yours sincerely,

REDACTED
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Detailed responses to the call for evidence

1. Do you give permission for your evidence to be shared with third party contractors for
the purpose of analysis?
Yes. EDF is content for our evidence to be shared in this way.

2. Do you agree that some GGRs will be required to achieve the UK’s net zero target by
2050? What are your views on the suitability and mix of different technologies in
supporting the delivery of net zero?
Yes, EDF agrees that, based on existing analyses of the technological scope for, and costs of,
emissions reduction across different sectors, some contribution from GGRs is very likely to be
required to achieve the UK’s net zero target by 2050. Almost all pathways in the IPCC Special
Report on Global Warming of 1.5 °C relied to some extent on removal of CO2 to achieve negative
emissions after 2050 and the Climate Change Committee’s 2019 net zero and 2020 6 th carbon
budget reports both include significant contributions from greenhouse gas removals within their
scenarios.
These and other analyses based on the marginal cost of carbon abatement tend to suggest
increasingly high costs of abatement for the last remaining reductions from “hard to abate”
sectors. This creates a potentially important role for GGR options where these can be lower cost
than emission reduction alternatives. Moreover, additional contributions from negative emissions
could also be sought, both in the UK and internationally, if net negative emissions are targeted in
future to reduce concentrations of atmospheric greenhouse gases with the aim of reversing the
extent of global warming which is already predicted to occur. These considerations create a clear
case for seeking to develop GGR technologies as part of the suite of options for achieving net zero
emissions.
However, GGR options today are subject to considerable uncertainties in relation to the scale, costs
and deliverability of the negative emissions they may offer, with many options potentially subject to
relatively high costs, limited scale and evidence gaps around their wider sustainability. The scope
for new technologies to reduce forecast costs of emission reduction in hard to abate sectors should
also not be forgotten. GGR should therefore not be viewed as a substitute for vigorous action on
carbon reduction across almost all sectors of the economy. This point is especially true with
respect to the power sector where a range of known and proven technologies including nuclear
power, renewables and storage options have clear potential to deliver very substantial further
reductions in the carbon intensity of the power sector. Deployment of GGR technologies should
not provide reasons to maintain a material role for unabated gas generation in the power sector.
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3. In relation to the GGRs listed in Figure 1 (except afforestation, habitat restoration
and wood in construction), is there new evidence that you can submit in relation to
any of the following:
(i) technology readiness levels
(ii) scale-up potential (in the UK and/or globally)
(iii) costs per tonne of CO2 removed, including any additional information about cost
savings per tonne for removals “in bulk” (where possible, please provide evidence for
cost breakdowns across the various elements e.g. capture costs, transport and storage
costs)
(iv) constraints to deployment
(v) ability to verify removals, taking into account considerations of permanence of
removal (i.e. how accurately can you measure the amount of CO2 removed and stored
by this method)
(vi) lifecycle emissions for these methods in the UK (please specify any assumptions as
part of this calculation, for example the carbon intensity of the electricity being used.
If you are assuming a lower carbon intensity than the modern grid, why?)
(vii) wider environmental impacts and risks.

Synergies between nuclear power and DAC
Yes. EDF highlights the significant synergies which exist between new nuclear power and DAC
technologies. There are a range of different DAC processes under development but a common
feature of most is that they have a significant demand for energy, most of which is required in the
form of heat. A UK Energy Research Centre 2019 review of DAC technologies suggests around 22.5MWh of energy is typically estimated to be required to capture 1 tonne of CO 2 - with the large
majority (up to ~80%) of this energy demand being in the form of heat 1.
Nuclear power is unique amongst widely available low carbon technologies today in its ability to
provide large volumes of low cost, low carbon heat Large quantities of heat in the form of steam
are a by-product of nuclear generation process and while this heat is not utilised in existing
operational nuclear reactors in the UK today, there are many examples internationally of the use of
steam from nuclear stations to provide heat for industrial facilities or district heating schemes. A
recent study by Columbia University’s Centre on Global Energy policy illustrates how competitive
nuclear power is as a source of low carbon heat, with the following chart extracted from their
report2:
1

See https://d2e1qxpsswcpgz.cloudfront.net/uploads/2020/05/UKERC-TPA-Negative-Emissions-V3Final.pdf
2

S. J. Friedmann, Zhiyuan Fan, and Ke Tang. Low-carbon Heat Solutions for Heavy Industry:
Sources, Options, and Costs Today. Centre on Global Energy Policy, Columbia University SIPA, 1255
Amsterdam Ave, New York NY 10027, October 2019.
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EDF’s Sizewell C project is exploring how steam from the power plant could be tapped and
provided for a range of potential applications including efficient hydrogen production, DAC or
other industrial or commercial heat demands.
Linking new nuclear power to the DAC process therefore has clear potential to enable DAC
processes to achieve lower operating costs, and thus lower costs per tonne of CO2 captured, than
would be possible with any form of DAC which met its heat demand from other non-nuclear
sources. If DAC can be implemented at lower costs, this increases the scale of contribution it
could make to achieving net zero, alongside other GGR and emission reduction technologies. The
Sizewell C project has therefore been examining how DAC technologies could be linked with new
nuclear development at Sizewell and a consortium bid on this topic has been recently been
submitted to the UK government’s Direct Air Capture competition.
Our estimates suggest only a very small reduction in output would arise from the tapping of
sufficient heat from the nuclear power station to support a large scale DAC process and, from a
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CO2 abatement perspective, this reduction in electrical output would be very substantially
outweighed by the additional CO2 captured by the DAC process – such that the Sizewell C project
would have the potential to be net negative emissions on a full life cycle basis. Nuclear power
could of course also provide very low carbon electricity to meet the electricity demands of any DAC
process, such as the operation of fans.

Costs per tonne of CO2 of DAC.
As part of our exploration of the potential to link new nuclear power with DAC, EDF has been
examining the available evidence on the costs of DAC. Cost forecasts for DAC technologies vary
with a wide range of £ per tonne of CO2 captured figures present within the literature. Early
demonstration projects are and will continue to be vitally important in delivering real world
experience of DAC costs, trialling new approaches and achieving a better grasp of the potential for
cost reduction over time. Our analysis suggests that, while current cost estimates for existing DAC
processes or early demonstration projects are high (ranging from ~£180-430 t/CO2 captured) there
is likely to be significant scope for long-term cost reduction, through a combination of:

•

Linking DAC to sources of low-cost low carbon heat such as nuclear power.

•

Technological advances, including improved adsorption processes and use of new designs
(eg using nanotechnology) to achieve larger surface areas for CO2 capture

•

Manufacturing replication. As DAC is a modular technology it should be readily susceptible
to cost reduction through large volume economies of scale in manufacturing and
improvements over time through “learning by doing”.

•

Measures to reduce DAC energy consumption, including options with much reduced or
potentially no electrical energy consumption.

Wider potential benefits of DAC as a GGR technology
If DAC options can be developed at sufficiently attractive costs per tonne of CO2 captured, the
technology could offer some significant advantages compared to other forms of GGR such as
BECCS. In particular:
•

Significantly reduced land-take and thus reduced biodiversity or other land-use risks. While
the land-take associated with BECCS from dedicated energy crops is substantial at around
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630km2 per MtCO2e/y removed3, estimates suggest DAC facilities would occupy orders of
magnitude less land area4.
•

Low temperature DACC processes of the kind we are exploring for linkage with Sizewell C
have no significant water consumption requirements.5

•

Reductions in atmospheric CO2 which are delivered in real time with process CO2 capture
not (as with BECCS) rather than being subject to many years, or even decades long
“carbon break-even time” as biomass growth compensates for emissions associated from
land-use change.

•

Relatively simple carbon accounting and verification of negative emissions. The CO2
captured by a DAC process can be easily measured and assuming a very low carbon energy
source such as nuclear power is used to provide the necessary energy inputs, only residual
emissions associated with the manufacture of DAC equipment and materials would be
needed to develop an accurate full life cycle CO2 assessment. This can be compared with
the many complexities associated with estimating and accounting for the full life cycle
emissions of biomass and other land-based GGR options, including addressing
circumstances where biomass fuel is imported from abroad.

Linking nuclear and DAC at Sizewell C (and future new nuclear plants) is likely to create a range of
options for the CO2 captured. These would include long-term geological storage (subject to
connections to suitable storage sites) or use of captured CO2 in a wide range of emerging
commercial or industrial applications such as for concrete and plastics. In addition, Sizewell C is
exploring the scope for hydrogen production to be co-located with or in the proximity of the
Sizewell site. Combining electrolysis for hydrogen production and carbon from direct air capture
would provide the chemical building blocks for manufacture of synthetic fossil fuels (which are all
combinations of hydrogen and carbon) without the associated carbon emissions. With additional
chemical processing, the Sizewell C plant therefore could become a central element of a large-scale
production hub for zero emissions synthetic liquid fuels for hard to abate sectors of industry and
transport (such as aviation).
4. Is there any evidence you would like to submit in relation to other nascent GGR
methods not outlined in Figure 1? If so, please provide a clear description of the
method and the evidence available in respect to the categories listed above,
including deployment potential in the UK. If evidence is not available, please
outline why and when it might become available
3

Figure derived using data from CCC “biomass in a low-carbon economy” (2018) and CCC “Net Zero
Technical report” (2019)
4
Based on Climeworks figures (https://www.frontiersin.org/articles/10.3389/fclim.2019.00010/full
2
their DAC plant land take would be approx: 2km per MtCO2e/y removed.
5
By contract BECCS water impacts can potentially be significant including water used for crop growth, water
pollution resulting from fertiliser application at the farm level, and water use in the BECCS power plant.
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There is no evidence we wish to submit on other nascent GGR methods.
5. What do you consider to be the main barriers to the development and
deployment of GGRs?
We agree with the list of barriers set out in Chapter 2 of the consultation document.
In addition to the identified barriers, the absence of policy measures which provide visible and
relatively predictable financial reward for projects and activities which permanently remove CO2
from the atmosphere by GGR technologies will, until addressed, represent a barrier to large-scale
investment in GGR projects. We recognise that the call for evidence is exploring a range of
potential options for addressing this issue.
With respect to the potential synergies between nuclear energy and DAC set out in our response to
Q3 above, a further barrier to investment and realisation of these synergies could arise if a policy
framework and funding arrangement for new nuclear projects is not developed. In addition,
investments in new nuclear and GGR technologies should be recognised as sustainable low carbon
investments in any EU and UK level taxonomy frameworks which are developed to support
sustainable finance.

6. What principles would you like to see included in a framework for incentivisation of
greenhouse gas removals?
We support the principles identified in Chapter 5 of the call for evidence. The point on investor
confidence will be particularly important for securing private sector capital investment in large-scale
GGR options.
Under the technology neutral principle, all GGR options should be considered on their scientific
merits, based on rigorous evidence-based assessment. Such an assessment should also consider
the potential scale of each technologies’ contribution to long-term net zero targets, along with riskbased appraisal of externalities (water use, land use, environmental impact, within and outside UK
borders). Near-term support of technologies with the greatest sustainable potential will deliver
long-term value by bringing down costs of future deployment.
Government should also aim, as far as possible, to deliver long-term consistency between the
financial rewards and incentives which are available for carbon abatement via emissions reduction
and carbon abatement via proven verifiable GGR removals. This will assist in enabling markets and
governments to reach the best possible judgements on the right long-term balance between
emissions reduction and carbon removal.

7. What specific policy mechanisms could the government consider to incentivise (a)
innovation and (b) initial deployment? Could any of the policy options outlined
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above be designed in a way that stimulates investment in innovation, including
pilots and demonstrators for less mature technologies?
EDF recognises the range of policy options and potential mechanisms set out in the consultation
document for supporting GGR technologies and consider these encompass all the main approaches
available to government. All the policy options presented are in principle credible interventions
over the long-term and have the potential to support innovation and investment in GGR
technologies and projects. Getting the details of policy interventions right is likely to prove as
important as the specific choice of incentive mechanism.
At this stage, for less mature technologies, we consider that policy options which provide grant or
contract-based incentives which enable further research, demonstration and pilot projects are most
likely to be effective in stimulating innovation and learning by doing for early stage GGR options.
As technologies mature and become deliverable at scale, more market-based policy options such as
obligations or inclusion in cap and trade schemes can be contemplated. The risk with marketbased approaches in the early stages of technology development are that the financial rewards are
insufficiently strong or clear to stimulate new projects or investment, while at the same time
potentially introducing additional risks and costs into other related or affected sectors.
A broader point is that policy on GGR will need to be carefully managed to remain in-step with
wider evolution of sustainable land management policies, particularly for nature-based GGR
options but also for BECCS where large scale use of biomass and substantial land-take or use of
biomass imports would be required.
We provide further comments on specific policy options in response to subsequent questions
below.

8. How could government best contribute to establishing optimum market conditions
for GGRs to be developed and deployed at a large scale?
Experience from the energy and utilities sector is that mechanisms which provide long-term
confidence and visibility on revenues will prove most successful in securing large-scale private sector
investment. The contracts for difference (CfD) scheme for low carbon electricity generation and
regulated approaches such as the regulated asset base approach adopted for energy networks and
for the Thames Tideway Project have illustrated how successful such approaches can be in securing
investment at a low cost of capital, with consequent benefits for consumers in terms of the costs at
which desired environmental outcomes are achieved. The same principles should apply for GGR
technologies where these require large-scale investment over long-time frames.

9. How might the role of government change over time to bring GGR technologies to
market and encourage their deployment up to 2050?
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Government policy will need to adjust to the maturity of GGR technology and the available
evidence on the scale of proven verifiable removals that can be secured at acceptable costs relative
to emission reduction options.
As noted in response to Q7 above, policy options which provide grant or bespoke contract-based
incentives which enable further research, demonstration and pilot projects are most likely to be
suitable for early stage GGR options. As technologies mature a broader suite of policy options
should come into play including larger-scale contracting via competition to build experience and
economies of scale – as well as options which create markets for GGRs such as obligations and
emissions trading. Any future introduction of GGR technologies to ETS or wider trading schemes
will require careful calibration to avoid adverse impacts on price formation and incentives for
emission reduction within sectors already covered by such schemes.
In parallel with the development of early projects and a package of policy incentives, a vital role for
government will be to develop institutional arrangements and procedures for carbon accounting
for GGR technologies, drawing on the latest scientific evidence, to ensure monitoring, reporting
and verification of carbon removals is robust.

10. Which factors should be considered when assessing the suitability of different policy
options for businesses?
A key issue for businesses which arises with market-based incentive schemes such as obligations or
trading arrangements is the potential for fluctuating prices and values attached to carbon
abatement. This can add to the costs of scheme participation and may also act as a barrier to
investment where prices over the long-term are hard to predict or may be subject to further
regulatory intervention. Experience of the Renewables Obligation (RO) and the Renewable
Transport Fuels Obligation (RTFO) in the road transport sector, and the EU emissions trading
scheme across a range of industries illustrate how the value of certificates can fluctuate significantly
over time and how any material change in regulatory rules associated with such schemes risks
significant impacts on certificate prices, leading often over time to a requirement for further
interventions which aim to manage or contain price volatility.
An additional specific issue with introducing GGR technologies into an existing emissions trading
scheme will be the risk of adding significant new uncertainties to prices, as the market assesses the
scope for the new technologies to impact on the long-term supply-demand balance for allowances.
These uncertainties are likely to lead to higher costs for market participants and reduced investment
in new carbon abating assets. This consideration in our view strongly argues against early inclusion
of GGR options within the newly adopted UK Emissions Trading scheme (UK ETS), also bearing in
mind that the UK ETS is itself in its very early stages and has been subject to some significant
teething issues associated with the delay in establishing a market for allowances.

11. Are there any existing business models in other sectors – such as power, industry,
transport or land use – that could complement new schemes to incentivise GGRs?
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Where GGR projects are associated with the power sector, such as the linkage of nuclear and DAC,
or the use of BECCS for electricity generation, then this creates potential to build on existing
regulatory mechanisms such as the CfD or the regulated asset base (RAB) model to incorporate
GGR technologies. Any such arrangements would need to be assessed for value for money but
could offer similar benefits as are delivered today by CfD and RAB models, through enabling
investment at a lower cost of capital and achieving regulatory outcomes which balance the needs
of developers, consumers and taxpayers.
Another related sector for GGR technologies which could potentially complement new schemes is
the international voluntary carbon offset market. Today this market is subject to very little formal
regulation. Instead standards have been developed on a voluntary basis by a range of
organisations to try and ensure projects supported by purchasing offsets are delivering real,
verified, permanent, and additional carbon reductions. The development, in the UK and
internationally, of rigorous carbon accounting methods and verification standards for GGR
technologies could assist with the participation of such technologies in future carbon offset
markets, and could also provide a model or relevant experience on how offset markets could
further enhance their own approaches to carbon accounting. Carbon prices in offset markets
would need to rise significantly from today’s levels to support many GGR options.

12. Are price instruments or quantity instruments likely to be more effective in
encouraging and sustaining deployment of GGRs? Or will a combination be required?
EDF recognises that there is a choice between adopting price or quantity instruments in this area,
and that each approach has some pros and cons. As we noted in our response to Q7, the detailed
design of any intervention is likely to be as important as the choice of intervention and a key
consideration for any mechanism is the benefits which arise from giving investors and developers
visibility and confidence on the financial reward they will achieve for negative emissions.
While GGR approaches are in their infancy, there may be a stronger case for quantity-based
approaches to ensure that there is a sufficient pool of early GGR projects capable of developing
experience, learning by doing and achieving economies of scale. As GGR approaches mature and
their costs and benefits are better understood, price-based interventions could play a larger role in
helping markets achieve the right balance between carbon removals and carbon reductions.
Quantity-based approaches might still be needed over the long-term to support larger capital
intensive projects.

13. How far should a policy framework aspire to be technology-neutral between
different GGR options?
Technology neutrality is likely to be a desirable feature of overall GGR policy and a technology
neutral, evidence-based mindset should certainly be adopted by government in its approach to
assessing the potential of different GGR options. Equally it may also prove to be appropriate to
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tailor policies or interventions to the specific features or scale potential of different technologies.
For example, policy interventions suitable for infrastructure based GGR options such as DAC may
well have different features to the policies needed to encourage nature or land-management based
approaches.

14. Could wider support for GGRs have any unintended effects on the development and
commercialisation of technologies in other sectors, and how could this be mitigated?
A broad risk in promoting GGR options is that they come to be viewed as an alternative to action
on carbon reduction in some sectors. It will be important that government guard against this risk
in its policies, statements and actions.
As noted in our response to Q10 above, there is a specific risk relating to the early inclusion of GGR
options within the UK ETS, which could undermine market confidence and impact the volatility of
pricing in the early years of a new scheme.

15. Are there any international examples that have proved effective at incentivising
GGRs? Why were they effective, and are there any barriers to taking similar action in
the UK? Are there examples of international approaches that have not worked well?
GGRs are a very new area of carbon abatement policy and we are not aware of relevant examples
internationally, beyond support for early stage research, development and demonstration. As
noted in our response to Q8, we consider positive examples of policy mechanisms applied in the UK
electricity and utilities sector are relevant to encouraging future investment in GGRs.

16. Should the government introduce a tax credit, and if so, how should this be
designed? Should it be provided only for specific GGR technologies or a broad range
of methods? Would multiple, specific rates be effective at incentivising as much
investment as possible?
As set out in the consultation, tax-credits would be one potential approach to supporting GGR
options, but other approaches should be examined in parallel.
Were the government to progress with a tax-credit in this area the most important considerations
from a developer and investor perspective would be that the value of the credit is certain, that it
can be realised over a number of years of investment, and that it can be accessed at the same value
by a very wide range and sizes of companies, in different financial circumstances, not just those
with large tax liabilities. Given the different stages of technological maturity of different GGR
options, different rates could well be appropriate
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17. Should participants from specific sectors with historical carbon emissions be eligible
to apply for the credit or should the credit be economy-wide?
Providing the credit only to those sectors or companies with historical carbon emissions would
seem to risk creating an un-necessary distortion and a barrier to companies entering this emerging
sector. Any credit should therefore be economy wide.

18. If the government were to introduce a GGR obligation scheme, which businesses and
emitting sectors could this cover? How could such a scheme be designed to minimise
competitiveness impacts and regressive passed through costs (e.g. to consumers and
bill-payers)?
Introduction of a GGR obligation would raise complex questions as to not only who to apply the
obligation to, but also the scale of obligation, routes for compliance, eligible technologies and any
buy-out prices etc. Other risks raised by an obligation would include:
•

•

•
•

Challenges in giving market participants confidence and certainty on obligation certificate
prices and thus encouraging investment. Experience from previous obligations is that any
rule or eligibility change risks undermining market confidence in prices.
Carbon accounting procedures would need to be extremely robust for all eligible GGR
options to ensure that the obligation did not give rise to undesirable consequences or fail
to achieve its desired carbon abatement impacts
A market dominated by a single or limited number of nearer-to-market GGR options,
discouraging investment in further from market innovations which might offer larger
potential over the long-term.
Increased costs on obligated companies, giving rise to unavoidable additional costs for the
consumers of the products of all obligated companies. Applying the obligation to a large
and diverse set of companies could mitigate this impact on any individual set of consumers
but would not reduce the overall scale of costs.

Given these many challenges EDF considers that an obligation would be an undesirably complex
and prescriptive intervention at this early stage of the development of GGR options.

19. What other regulatory approaches could government explore to incentivise GGR
deployment?
The consultation has captured many of the main options for incentivising GGR options. Other
approaches which we consider merit further consideration are:

•

Inclusion of GGR projects within wider regulated project structures. For example, a
regulated approach is also being developed for CO2 transport and storage networks and
there may be future scope in some cases to directly link GGR projects such as DAC into
transport and storage networks to facilitate permanent storage of CO2 captured.
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•

Incentives to encourage the permanent incorporation of captured CO2 into products such
as concrete or plastics.

•

Incentives to encourage the use of captured CO2 to manufacture net zero compliant
synthetic fuels for use in hard to abate sectors such as aviation, shipping and long-distance
freight. In these cases the CO2 captured is later emitted to atmosphere but the process as
a whole can be net CO2 neutral over its lifecycle.

20. What are the merits and risks of introducing payment schemes for GGRs, potentially
involving up-front grants or payments for each tonne of CO2 stored? Which GGRs
would be suitable for a payment scheme?
At the relatively early stage of GGR technology and project development, there are considerable
merits in the use of grants and payment schemes for supporting GGR options. Specific advantages
are:
•

•
•
•

The government can support a wide variety of trials, demonstration projects and pilot
options – expanding experience and learning.
Developers have clarity on the support available for specific projects
Competitions can be used to encourage broad participation and maximise value for money
There is no risk of negative impacts on wider emission reduction schemes or sectors

Clearly a feature of this approach is the large role it places on government to select projects and
technologies to support and to decide on the scale of early stage support. This role may become
less appropriate over time as GGR options begin to be developed at scale and this may create the
case for transitioning to more market-based incentives over time.

21. Could a contract scheme be effective in incentivising GGRs such as DACCS and
BECCS? What would be the main challenges and limitations of such a mechanism,
and how could it be designed to maximise its effectiveness?
Yes. A contract scheme has proved very successful in the area of low carbon generation and similar
approaches could be successfully applied to GGRs such as DAC and BECCS. Competitive auctions
provide a clear mechanism to encourage value for money and reduced costs over time. As with the
payment schemes mentioned above, HMG has control over the number and nature of contracts
awarded and a range of technologies could be supported at this early stage of GGR development.
If contract schemes are applied to GGR options such as BECCS, it will be important that project
controls and associated regulations encompass the full range of environmental externalities
associated with large scale use of biomass fuel, to ensure land-use, water-use and biodiversity
impacts are acceptable and the most sustainable forms of biomass are utilised.
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22. What could a cap and trade scheme for negative emissions look like, and which
sectors would you propose to be included in such a market?
In principle carbon credits for negative emissions could either be incorporated within existing
emissions trading schemes, or a dedicated scheme for negative emissions from GGR projects could
be created. However, while both approaches could be adopted in the future, we see neither
option to be particularly attractive at present as:
•

GGR options need further development and many are still at an early stage. A better
understanding of their likely scale, costs and benefits is needed as are robust processes for
the monitoring, reporting and verification of carbon abatement.

•

As noted above, specifically in relation to the UK ETS, this is a new and as yet unproven
scheme. Early inclusion of GGR options within the scheme would add risks in terms of
extra volatility and uncertainty to a scheme which is still in its infancy, while unlikely to
provide a certain or large enough carbon price to allow important but currently immature
options such as DAC to be developed.

•

A dedicated trading scheme for negative emissions would require decisions on the target
scale of GGRs across a wide range of technologies, which seems premature given their
early stage of development.

At this stage we see the policy priority as developing GGR options, developing processes and
evidence to inform rigorous carbon accounting, and developing our understanding of the scale and
costs of negative emissions that different GGR options could achieve.
In the longer-term it could become appropriate to bring GGR projects within emissions trading
schemes – in this scenario there would be potentially some value in GGR projects being in the same
scheme as emissions reduction options, such that markets face a consistent choice and price
between emissions reduction and carbon removals.

23. The costs of different GGR technologies vary significantly. How could a cap and trade
system address these differences? How could a cap and trade system be used to
incentivise initial investment in any future emerging GGR technologies over a longterm trajectory?
Early inclusion of GGR technologies within a cap and trade scheme would be very unlikely to
provide sufficient incentives for further from market/emerging GGR technologies. As noted above,
this is one of the reasons why we do not see this as the right mechanism for supporting emerging
GGR options at present.
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24. What role can government play in encouraging more companies to make voluntary
commitments to invest in GGR technologies in the UK? To what extent can this
support innovation in, and deployment of, these technologies?
The voluntary carbon offset market could potentially play a role in encouraging GGR options and
investment in UK GGR projects. However a clear risk with the widespread use of carbon offsetting
in this context is that it only used for near-term low-cost options with limited scale potential and
therefore does nothing for innovation and for the development of new GGR options which will be
required over the long-term. The development over time of a more internationally robust
approach to carbon offsetting could help more support to be directed to new GGR options via
voluntary off-set markets and we would encourage the government to use the COP26 process to
raise the case for further co-ordinated action around the carbon offset market.
Overall, however, it is unrealistic to anticipate that voluntary action, un-supported by policy
mechanisms which provide financial incentives, to be sufficient to deliver major innovation in GGR
technologies or very large-scale deployment of GGR projects.

25. What are your views on the government’s intention to coordinate deployment of
GGR technologies such as DACCS and BECCS in line with our stated CCUS ambitions,
and how could we best do this?
There is a clear potential link between deployment of DAC and BECCS and the government’s CCUS
programme and therefore we acknowledge the case for co-ordination between policies and
programmes in this area.
Equally we think it important to recall that there are a range of technology options in this area and
not all of these would involve storage of captured CO2 via integration with CCUS cluster transport
and storage networks. In the case of biomass fuels, these could be used in a range of ways, not all
of which would involve electricity generation and CO2 capture within a CCUS cluster, and
sustainable grown biomass could also be used in a variety of ways to deliver GGR without a power
generation element. Similarly, DAC projects could provide their CO2 stream to a plant
manufacturing synthetic net zero compliant fuels, or for incorporation into products such as
cement or plastics where the CO2 is locked in for generations.
In essence, CO2 capture and storage in underground locations is one of, but not the only route, to
making use of GGR technologies, and flexibility should be preserved in this area to allow for a mix
of outcomes consistent with achieving net zero goals in the most cost-effective way.
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26. What principles would you wish to see in any accreditation scheme for negative
emissions? How should the government regulate this? Any evidence relating to best
practice of existing negative emissions MRV is welcomed.
Robust procedures for accounting for negative emissions and GGR technologies will be vitally
important. The key principles underpinning any accreditation scheme should be that carbon
removals can be accurately measured, monitored and subject to independent verification / audit, as
well as being permanent.
We therefore encourage government to take the initiative in developing policies and procedures in
this area – we anticipate there is likely to be need for a regulatory body tasked with approving GGR
monitoring schemes and procedures, issuing relevant standards and establishing verification
procedures etc, drawing on the latest scientific evidence of the GGR benefits of different
technologies over the full life-cycle. There will also be an important need for international
consistency and agreement with respect to where carbon removals are stated to occur – this will be
especially important for any use of biomass fuels where these are imported and the growth phase
(carbon removal) of the biomass has occurred outside the UK.

27. What are the most significant barriers to developing a robust monitoring, reporting
and verification system for GGRs?
The main barrier in our view is likely to be challenges in establishing rigour and confidence in
relation to the full life cycle GGR benefits achieved by different technological options. This is
particularly complex for a range of land/biomass-based options and work to develop a strong
evidence base should be progressed in this area. Estimation of net life-cycle emissions for biomass
based GGR options is likely to be complex, requiring assessment of many factors including:
•
•
•

•

“upstream” impacts of carbon emissions/removals arising from growing biomass, including
impacts on the stocks of carbon embedded in biomass stocks and soil;
“processing and transport” emissions associated with the processing of biomass (such as
pelletising and drying) and transport, storage and stock management of biomass;
“combustion” emissions in cases where biomass is being burned to generate electricity or
gasified to make fuels, including taking account of the appropriate capture % where
capture equipment is being deployed.
“waste” impacts on embedded carbon stocks from the disposal and landfill of ash.

All net emissions should be taken into account in this assessment, even if they take place outside
the UK.
As noted above an advantage of DAC is that the negative emissions delivered by the technology
are likely to be relatively easier to measure and verify by comparison.
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Negative Emissions Call for Evidence team
National Infrastructure Commission
Finlaison House,
15-17 Furnival St,
Holborn,
London
EC4A 1AB

Pale Blue Dot Energy Ltd
Brathens Eco-Business Park
Hill of Brathens
Glassel
Banchory
Aberdeenshire
AB31 4BW
Tel: +44 (0) 1330 826 890

3rd March 2021
Dear Negative Emissions Call for Evidence team,
Call for Evidence on Greenhouse Gas Removal Technologies
Pale Blue Dot Energy (PBDE) welcomes the opportunity to contribute to the National Infrastructure Commission
call for evidence on Greenhouse Gas Removal Technologies.
The company is the lead developer for the Acorn CCS and Blue Hydrogen Projects in north east Scotland.
In July 2020 the company was acquired by Storegga Geotechnologies Limited, and Macquarie Bank invested
in Storegga. Today we have announced further significant backing from Macquarie Bank, Mitsui and GIC (the
Singapore sovereign wealth fund). As a result of this significant backing, our interest in Greenhouse Gas
Removal technologies is twofold
•
•

As a developer of CCS services, we are interested in developing and investing in the capture, transport
and storage aspects of BECCS.
As a result of our ambition to expand into other low carbon businesses, we have entered into a
Memorandum of Understanding with Carbon Engineering Limited to develop Direct Air Capture plants
in the UK.

This document provides our responses to this call for evidence, organised as answers to the 12 consultation
questions as requested.
If we can help by providing any additional information, please do not hesitate to contact us.
Yours faithfully,

REDACTED
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2 Evaluation of GGR Technologies
Question 1
What technological approaches do you consider fall under the two categories of GGR
technologies covered by this study of BECCS (including biogenic waste with CCS) and
DACCS? Are there any others that we should consider?

Bioenergy with Carbon Capture and Storage (BECCS) is very attractive as it offers the prospect of carbon
negative emissions – CO2 is absorbed into the wood and other organic matter that is to be burned, and the
resulting exhaust gas has the CO2 removed and sequestered.
Our view is that there are plenty of wood burning systems already in existence and adding carbon capture is
not a technology challenge (already at TRL9). As a result, this technology is available for use today. As with
all forms of decarbonisation the business model to enable the technology to be deployed is the barrier to
adoption. In the future, as new capture technologies emerge and costs are reduced, it will be cost-effective to
capture more and more bioenergy emissions and sequester the CO2, creating negative emissions.
Direct Air Capture currently can be achieved using several technological approaches. The most mature of
these are:•

•

Liquid capture, such as the regenerative process utilizing an aqueous solution of potassium hydroxide
(KOH) to capture the CO2 from the air. This technology is at the heart of the Carbon Engineering
technology – currently at TRL8 with a pilot plant in operation in Canada, and the first commercial plant
contracted to be built in Texas USA.
Solid state capture, where CO2 is captured on a semi-permeable membrane material that is then heated
to release the CO2. This technology is at the heart of the Climeworks offering that is currently at TRL7.
They have a pilot plant under construction in Iceland (Project Orca)

Other techniques such as sorbent swing metal-organic frameworks, ionic membranes, zeolites and solid oxides
are much less mature (TRL3-4). As a developer, we maintain a watching brief on these technologies, but do
not see them as relevant in the near future (say before 2030)
Our view is that any policy framework should cater for the possibility of other technologies emerging and thus
should remain agnostic to the technology. As with all forms of decarbonisation the business model that enables
the technology to be deployed is currently the main barrier to adoption.
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Question 2
What are the constraints (beyond funding) to the potential size of a UK-based GGR industry?
At what point do these constraints come into effect and impact the development of adequate
capacity to meet the net zero ambition? Constraints could include requirements for inputs,
e.g. sustainable biomass, and infrastructure and accounting requirements.

Access to Storage capacity
GGR is meaningless without a destination for the CO2 that is captured. Such stores are being contemplated
(e.g. Acorn, Endurance, Liverpool Bay), but are unlikely to be commissioned before the mid-2020’s and later.
UK waters contain vast potential CO2 storage resource (estimated at 78 gigatonnes), opening up the potential
for the UK to be at the heart of a major new industry – decarbonisation.
The concept of GGR’s is dependent on the confidence in the CO2 disposal process – so a regulatory
environment which creates confidence that the CO2 has gone to storage is critical. There is useful analogy in
the oil and gas industry where fiscal metering is accepted as the basis for both taxation and for the allocation of
value between commercial counterparties in gas and oil pipeline networks.
Renewable energy
A DAC plant requires ~2 MWh energy per tonne of CO2 captured. Lifecycle carbon and therefore cost per tonne
abated depends on the origin of the power with lowest costs and maximum carbon abatement achieved for the
highest proportion of renewable energy. We see this as a potential limitation on early plants.
Societal Acceptance
Other than the CO2 disposal system, a significant constraint is likely to relate to societal acceptance. The UK
emits ~350 million tonnes of CO2 per annum (2019 estimate, UK National Statistics Office). A large GGR plant
might capture 0.5-1.0 million tonnes CO2 per annum – so there is a potential requirement for many such plants,
likely in areas near to the coastal locations of CO2 storage pipelines. There is potential for a clash between the
construction of these plants and the rural / scenic nature of these locations.
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3 Market mechanisms and policy frameworks
Question 3
What are the current barriers to deploying GGR technologies at scale in the UK?

We see the major barriers as being:•

Current lack of a clear business driver for companies to implement the technologies.
The current government approach is to offer grants and “contract for difference” subsidies to encourage
specific industries and companies to decarbonise. Adding decarbonisation adds to the complexity of
any industrial process, adding costs and risks to each company’s activity.
As a result, companies’ risk being uncompetitive with their competitors if they implement a carbon
reduction programme and the competitor doesn’t. This is a particular issue when the competitor is
outside the UK / EU, where there is less pressure to decarbonise.
The absence of a GGR-specific support mechanism is a major challenge to this nascent industry.

•

Cost of GGR’s – generally seen as costly, and no clear “go to” technology. We believe that, as has
happened in offshore wind, costs will fall rapidly as the market opens up.

•

Lack of confidence that an offset is being delivered. If an offset is bought by one company how can
they be confident that the offset is actually achieved (note that some voluntary schemes claim credits
for avoided emissions – not the same as direct removal of CO2 from the atmosphere). We believe that
some form of government agency responsible for verifying the volumes and purity of CO2 stored would
be advantageous.

•

Confidence regarding the permanence of an offset. Some nature-based solutions are based upon
processes which lock emissions away today, but only for them to be released again in the midterm (2
to 100 years). Such lack of permanence is a major concern for all potential buyers of GGR service.
Buying a non-permanent removal unit today, may simply require another to be purchased in a few years’
time if the permanency is not assured. The same government agency suggested above could also
have this responsibility, although at present this role sits with the Oil & Gas Authority, who issue CO2
storage licences.

Question 4
Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when? If no,
what other actions are necessary and by whom?

Yes, we believe these barriers can be overcome over time. A variety of policy actions are possible.
Initial deployment carries both technology and commercial risks, so policy mechanisms should recognise this
and seek to insulate development companies from the extreme impact of failure, particularly on large projects
or where there is the potential for extremely low probability / higher impact events (e.g. leakage of CO 2 from a
CCS store).
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Innovation support should continue to balance
•
•

The incentive that grants / tax incentives / soft loans can provide.
The requirement for private sector match funding which focusses minds and ensures that an interested
project developer stays involved to secure a return on investment.

Policy should support the coordination of the deployment of DACCS with T&S infrastructure. Aligning
deployment of large scale GGRs through CCUS clusters would allow economies of scale to be realised. To
support the continued role out of GGRs at and beyond initial clusters, T&S infrastructure must be built with extra
capacity, allowing new GGR and CCS projects to come forwards in the late 2020s. We regard the target for
CCUS deployment outlined in the 2020 Energy White Paper of 10 Mt CO2 to be captured per year by 2030
should be viewed as a floor. To promote further coordination the government should consider setting a target
for deployed DACCS and BECCS capacity in line with the CCUS target.
One potential policy consideration that Government could assess, it to quantify the public sector emissions base
from local, devolved and central government each year (8.0MT), this to include the Ministry of Defence and the
National Health Service, and then purchase by auction each year say 25% of these emissions for GGR
(~2.0MT). This will drive both behaviours in the public sector to reduce those emissions with any technologies
of lower cost, and it will also drive competition between GGR technologies regarding cost and permanency.
This will also deliver a resounding statement of leadership from UK Government in the area of decarbonisation.
Contract terms will have to be carefully considered to support project financing needs.

Question 5
Are there existing policies that will need to be adjusted to enable the development and
deployment of the different GGR technologies?

The policy framework should balance two opposing factors:•

Some technologies are currently seen as being more expensive than others. In the long term the lowest
cost technologies should be supported, but the lowest cost technologies may not be apparent today.
Government should support current technologies that have a reasonable prospect of becoming cost
competitive in the future (e.g. may be suitable for large scale manufacture to drive down cost). The
experience in offshore wind is very useful – initially high cost offshore wind electricity is now cost
competitive with conventional sources of electricity, after just 10 years of market development.

•

Some technologies may appear to have a lower cost but may have other unattractive attributes such a
noxious associated emission. Government should seek to identify such attributes and avoid such
technologies.

Specific current policies that we believe should be extended to accommodate GGR technologies
•
•

We believe that the BEIS Cluster plans, currently under development, should be sufficiently flexible
that GGR technologies can be incorporated.
Although good progress has been made on business models for Dispatchable Power CCUS and
Industrial Carbon Capture, DACCS and BECCS business models are much further behind and need to
be addressed urgently. Regardless of the availability and coordination on funding and infrastructure,
without an investable business model early DACCS and BECCS projects will not be able to secure a
route to market and may not be able to progress.
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Question 6
What principles should guide the design of a funding framework for GGR infrastructure to
ensure fairness in paying for the costs of deploying and operating this infrastructure and
address distributional impacts challenges?

Any funding framework has to result in an investible project, otherwise investors will not provide private finance
– so actions that inspire confidence in investors are paramount.
It is our view that no one GGR technology or technique can deliver the required level of service – initially there
is a need to back all forms of GGR:•

Nature based solutions need to become woven into the fabric of our lives, with housing and industrial
developers required to build such capability into their plans; and there need to be explicit programmes to
deliver at scale solutions such as afforestation, habitat restoration and soil sequestration.

•

Immediately viable technology solutions such as CCS and the use of wood in construction to enable us to
start on the road to net zero.

•

Near-to-market technologies such as BECCS and DACCS can help to accelerate the pace to net zero.

We regard the emerging business model for CCS as very helpful and relevant to GGR’s. This involves a
combination of
•
•

Capital grants to support projects achieve financial investment decision. This is especially relevant
where the initial capital cost is high (>£100 million)
Revenue support in the form of a Contract-for-Difference targeted on the emitter. This mechanism
requires a reference price – likely the EU ETS scheme in the case of CCS – to be effective.

We do regard the negative emissions associated with both DACs and BECCS as having the potential to create
a new market in traded emissions. Some industries will struggle to achieve zero emissions simply because
they are difficult to abate. For such industries the availability of verifiable emissions removal service will be
essential to enable them to continue to operate:•

A good example is the airline industry. Although there are currently prototype electric and hydrogen
airplanes in existence, the energy density of battery technology and compressed hydrogen is such that they
are unlikely to be viable for long haul flights. As a result, we see potential for GGR to fully abate long haul
travel.

•

Another good example is where capital intensive industries have invested in plant with a 25-30 year
operating life and have effectively “locked in” carbon emissions. Such industries may find conventional
retrofit carbon capture technologies to be unworkable – for example, an offshore oil and gas platform often
does not have the space available to install carbon capture plant. In such circumstances GGR may be the
most cost-effective way to achieve net-zero on scope 1 emissions.

•

We also see GGR being used in industries that apply CCS and fuel switching to “mop up” the last few
percent of emissions which current capture technologies would find prohibitively expensive to capture. GGR
therefore will enable such plant to reach fully net zero.

All may be willing to pay for a CO2 removal service, or to trade to offset such emissions.
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Question 7
What policy mechanisms could be used in the short term to catalyse the initial deployment of
GGR technologies?

As noted in Q6, we regard the emerging business model for CCS as very helpful and relevant to GGR’s. This
involves a combination of
•
•

Capital grants to support projects achieve financial investment decision. This is especially relevant
where the initial capital cost is high (>£100 million)
Revenue support in the form of a Contract-for-Difference targeted on the emitter. This mechanism
requires a reference price – likely the EU ETS scheme in the case of CCS – to be effective.

The only other policy mechanisms we consider feasible are
•
•

A blanket carbon tax set at a level that genuinely incentivises decarbonisation.
A regulatory requirement to cut emissions – perhaps a carbon intensity limited that reduces over time
effectively forcing industry to decarbonise.

Finally, and as noted elsewhere in this submission, the government could consider procuring GGR for a
proportion of its own emissions in order to meet its net zero obligations. In doing so the government sets a
global example ahead of COP26. So long as the government issues a credit-worthy contract, Government
procurement alongside company voluntary demand could constitute a revenue stream for a FOAK plant against
which private investment can be attracted. For later plants, a market based mechanism, based on obligation on
private companies would provide revenue certainty.

Question 8
Is there evidence of lessons from other sectors or countries that can inform the development
of the policy framework for GGR technologies in the UK?

The United States has introduced a tax credit called 45Q. Under the rule, enacted in February 2018, industrial
manufacturers that eliminate CO2 emissions from their operations can earn a $50 per tonne tax credit for each
tonne of CO2 permanently eliminated or stored. This has incentivised companies to find ways to reduce their
emissions and appears to be effective – but it only incentivises existing profitable companies as it is a tax credit.
This may not incentivise industries with low rates of return, inefficient developers and new start businesses. A
significant concern with a “tax credit” approach in the UK is that it is vulnerable to being rescinded by future
governments, making it a less certain revenue stream and thus making the project less investable.
A small number of countries have implemented carbon tax to incentives the elimination of CO2 emissions. For
example, the Norwegian scheme dates back to the 1990’s and has caused major emitters in the oil and gas
industry to develop projects to reduce large-scale emissions. This approach will penalise any company which
faces international competition as the UK company costs will likely be higher, unless all governments take the
same approach or a “carbon border tax” is established.
A smaller number of countries have regulated to reduce emissions or made emission reduction a condition of a
licence. For example, the Australian government required the developers of the Gorgon oil and gas field to
capture and sequester CO2 produced along with the gas as a condition of the development licence. This
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approach will penalise any company where the is international competition unless all governments take the
same approach.
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4 Development and deployment
Question 9
Considering the current level of development of relevant technologies, from an engineering
and planning perspective, how long would it take to get these technologies to the stage of
being able to be deployed? And to the stage for construction of plants?

This question implies that there is no GGR technology for commercial deployment. This is incorrect.
•

•

The Carbon Engineering and the Climeworks DAC systems are ready for deployment at scale (TRL 8
and 7 respectively), and we urge government to provide appropriate incentives to encourage the
immediate deployment of these and other equally mature technologies. We estimate that with an
acceptable business model we could commission a Carbon Engineering DAC plant to coincide with the
availability of the Acorn CCS plant in 2025
BECCS involves adding well established carbon capture technologies onto the flue gas of biomass
burning facilities. This technology is well established, so BECCS can be deployed immediately.

High potential but less mature technologies such as enhanced weathering and magnesium silicate/oxide in
cement will require support as well to ensure that we achieve net zero targets.

Question 10
Are there parts of the end-to-end GGR delivery chain that only government can provide, or
will adequately designed market mechanisms be enough to unlock the delivery chain?

All parts of the GGR value chain can be delivered by the private sector, but only with an appropriate financial
incentive mechanism:•

•
•

The capture of CO2 – whether using BECCS or DAC – is relatively straightforward engineering and
construction project. In the case of BECCS the carbon capture technology is well established (Amines). In
the case of DACs the technology is ready for commercial scale deployment although there are some “first
of a kind” risks
The dehydration, compression and transport of CO2 (by pipeline or by ship) is a well understood technology.
The offshore transport of the CO2, and its injection into deep geological storage reservoirs is also well
established and well understood technology used widely in the oil and gas industry.

As a result, we are strongly of the view that adequately designed market mechanisms will enable the emergence
of this industry.
As evidence of this, in September 2020 Pale Blue Dot Energy and Carbon Engineering announced a partnership
to deploy the first commercial scale plants in the UK. One of the locations being considered by the partnership
for the first UK DAC plant is in North East Scotland, adjacent to the Acorn CCS project. The proposed DAC
facility will deliver permanent carbon dioxide removal by capturing significant volumes of CO2 from the air and
then safely and permanently storing it deep below the seabed in an offshore geological storage site. Pale Blue
Dot Energy are currently developing the offshore Acorn CO2 Storage Site, which was awarded the first UK CO2
appraisal and storage licence by the Oil and Gas Authority. Acorn is aiming to be operational from late 2024 /
early 2025 and the first DAC project could be operational approximately two years later.
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Question 11
What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?

The UK has two significant advantages compared with other countries:•

The country has a significant manufacturing and construction base, capable of manufacturing and
constructing the end-to-end systems required. In particular the oil and gas supply chain is particularly
suited to the emerging CCS / GGR activity.

•

We have a very significant carbon storage resource in our waters. The ETI “Strategic UK CCS Storage
Appraisal” project identified 20 specific CO2 storage sites (from a potential 579 sites) which together
represent the tip of a very large strategic national CO2 storage resource potential, estimated to be
around 78GT (78,000 million tonnes). The top 15% of this potential storage capacity would last the UK
around 100 years.

Question 12
What do you consider to be the regional impacts of deploying GGR technologies at scale?
This should cover both positive and negative impacts.

The overall purpose of GGR technologies is to achieve negative emissions, which deliver a global societal
benefit with no specific regional climate benefits. Within the UK we similarly regard BECCS and DACs plants
as having national benefit, rather than specific regional benefits.
A BECCS or DACs plants are both industrial scale operations which:•

•

Will create physical structures (industrial plant) which some may regard as unattractive or unacceptable,
so we anticipate planning application objections and delays from those who will value the local visual
amenity over the climate change imperative.
Will create both construction jobs and long term operational jobs. Our ultimate goal is to build up to 25
DACCS facilities in the UK, which would in turn deliver c.2,500 direct, long term and highly skilled
operational jobs, along with several thousand in supply chains and carbon removal management. This
would create new jobs for the declining oil and gas sector as the skills are transferable. As the proposed
location for our first plant, North East Scotland is ideally placed to utilise the skills built up over decades
serving North Sea oil and gas fields. This will also ensure these areas are not “left behind” in the
transition to net zero.
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Carbon Engineering’s response to National
Infrastructure Commission call for Evidence
Background on Carbon Engineering
Carbon Engineering (CE) is a Canadian based clean energy company with global plans to capture carbon
dioxide (CO2) directly out of the atmosphere by deploying our Direct Air Capture with Carbon Storage
(DACCS) technology at megatonne scale. We capture excess CO2 which can then be safely and securely
stored underground offshore or converted into sustainable transport fuels and other products. We’ve proven
our technology at a pilot plant in British Columbia and are now focused on commercialisation, targeting the
UK to build Europe’s first industrial-scale DACCS plant which would be cost competitive with other
Greenhouse Gas Removal (GGR) solutions like Bio-Energy with Carbon Capture and Storage (BECCS). Each
facility could capture one million tons of CO2 per year, which is equivalent to the work of 40 million trees but
with significantly less land and water use.
The UK has unique industrial advantages, offshore capability and skills, and geological capacity (one third of
all Europe and as much as EU27 combined) so all the attributes to become a global leader in GGR technology.
In particular, developing and deploying DACCS technology can stimulate UK-owned and exportable supply
chains - something which didn’t happen for offshore wind and is unlikely to happen for BECCS.
We therefore welcome this call for evidence and look forward to working closely with officials as you develop
policy mechanisms that could incentivise and facilitate GGR and specifically DACCS, development and
deployment.
Nigel Topping, High Level Climate Action Champion for COP26 said “Every significant industrial transition
has always followed an S curve. It takes a long time to start and then it goes exponential and those who were
asleep at the wheel lose and those who were driving that transition do really very well. We need to ensure
that we get on the S curve.” Getting DACCS on the S curve will reduce the cost of reaching net zero and
provide economic benefits in doing so.
Reports referenced in this submission:
National Infrastructure Commission - GGR Technology Study: Call for Evidence
BEIS - GGR: Call for Evidence
BEIS - Powering our Net Zero Future: Energy White Paper
Climate Change Committee - Sixth Carbon Budget
Vivid Economics - GGR Policy Options Final Report
For more information, please contact:
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Evaluation of GGR Technologies
1.

What technological approaches do you consider fall under the two categories of GGR
technologies covered by this study of BECCS (including biogenic waste with CCS) and DACCS?
Are there any others that we should consider?

A feasible and affordable plan to get to Net Zero by 2050 should utilise a portfolio of GGR solutions and
enable a transition that addresses both climate action and continued economic development. The 6th Carbon
Budget Advice published by the Climate Change Committee (CCC) in December shows a major role for
‘engineered’ GGRs in decarbonising difficult-to-abate sectors of the economy such as aviation and agriculture.
The CCC has indicated that the engineered GGR technologies with the most potential are direct air carbon
capture and storage (DACCS) and bioenergy with carbon capture and storage (BECCS) both of which
leverage CCS infrastructure to permanently remove and store CO2 from the atmosphere. We agree with this
assessment.

**REDACTED**

2.

What are the constraints (beyond funding) to the potential size of a UK-based GGR industry?
At what point do these constraints come into effect and impact the development of adequate
capacity to meet the net zero ambition? Constraints could include requirements for inputs,
e.g. sustainable biomass, and infrastructure and accounting requirements.

Regenerative liquid-based Direct Air Capture (DAC):
There are 3 constraints to DACCS deployment to adequate capacity:
(1) Existence of a financeable revenue stream for GGRs
The main barrier to deployment of DAC facilities is a financeable revenue stream. While the UK has ambitious
climate plans, incentives for production of renewable electricity, and mechanisms to encourage low carbon
fuel production (RTFO), there is at present no reward for ‘cleaning up the air’. This lack of revenue must be
addressed as a top priority. Without doing so, all other barriers are irrelevant.
To support the development of the GGR sector, government must set out a clear roadmap to a negative
emissions sector with a long term vision as well as minimum targets and timeframes for CO2 removal (in
addition to existing targets for CO 2 storage). Setting out the development of a market for negative emissions

Carbon Engineering Ltd.
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and a clear statement of risk allocation would bring revenue certainty and increased confidence in investment
security for investors.
The ultimate goal of government should be a liquid, scalable negative emissions market that operates without
support, and results in GGR projects coming forwards on their own merit. In the near term, policymakers will
need to provide revenue certainty through short-term, focussed support which enables initial investments in
anchor projects and established specific GGRs in the UK.
To encourage FOAK plants the government could consider procuring GGR for a proportion of its own
emissions in order to meet its net zero obligations. In doing so the government sets a global example ahead
of COP26. So long as the government issues a credit-worthy contract, Government procurement alongside
company voluntary demand could constitute a revenue stream for FOAK plants against which private
investment can be attracted. In order to achieve the aim of scaling up a portfolio of technologies, the
procurement would need to have specific targets for DACCS. For later plants, a market based mechanism,
based on obligation on private companies would provide revenue certainty.
(2)
Access to, and interaction with, enabling infrastructure as well as future certainty on
infrastructure availability (e.g., CO2 storage and/or hydrogen networks)
Engineered solutions (DACCS and BECCS) are wholly reliant on a robust transport and storage infrastructure.
We strongly support coordination of the deployment of DACCS with T&S infrastructure. Aligning deployment
of large scale GGRs through CCUS clusters allows economies of scale to be realised. To support the
continued role out of GGRs at and beyond initial clusters, T&S infrastructure must be built with extra capacity,
allowing new projects to come forwards in the late 2020s. As such, we propose that the target for CCUS
deployment outlined in the 2020 Energy White Paper of 10 Mt CO2 to be captured per year by 2030 should
be viewed as a floor. To promote further coordination the government should consider setting a target for
deployed DACCS capacity in line with the CCUS target.
(3) Renewable energy availability

**Redacted**. Lifecycle carbon and therefore cost per tonne abated depends on the origin of the power with
lowest costs and maximum carbon abatement achieved for the highest proportion of renewable energy.
It should be be noted that:

●
●

DAC plants can help stimulate renewable energy (RE) production, bringing RE online that might be
otherwise too expensive to integrate with the existing grid infrastructure, especially in remote
locations. The ability to locate in remote locations is a differentiator for DACCS
DAC capability can be coupled with hydrogen production to produce ultra low carbon transportation
fuels. This can accommodate the intermittent nature of the power source to continuously produce
high value fuels. Thus the fuels represent a stable way of storing low carbon energy so it can be
easily transported using existing pipeline and distribution infrastructure

The following are not constraints:
(1) There is minimal technical scalability risk for regenerative, liquid-based DACCS
CE’s regenerative liquid sorbent technology is at TRL 8 and the first megatonne scale plant is due to start
construction by 2022 in the US to be operational by late 2024 / early 2025. Over 40,000 engineering hours
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have been invested in the technology to date by Oxy, CE, BBA, Black & Veatch, Saulsbury and an
independent engineering report by new technology experts Leidos has been supplied to investors.
In the CE has an MOU with Pale Blue Dot Energy for the deployment of UK plants. The first one could be
operational by 2027 and near-term deployment in the UK.
CE’s technology and business model enables rapid deployment:
●
One of the unique aspects of DAC technology is that it can be built in almost any location
●
We’ve designed our technology using equipment with industrial precedent in other large industries and
then innovate and integrating them into our DAC system. This means our technology can be built at very
large scales with relatively low risk because the majority of the equipment is already in use in large
industries today and supply chains exist
●
Our business model is to license our technology to partners around the world to enable rapid and
widespread deployment of DAC technology. Countries and companies who want to make an impact on
climate change have the ability to build plant
Other DACCS technologies could be considered to have greater technical scalability risk due to the need to
establish new (e.g. solid sorbent) supply chains.
(2) There are no feedstock limits since the feedstock is ambient air
Sustainable biomass is a key concern for BECCS and bio-based GGR, especially given international
competition for feedstock such as wood pellets and the impact of land-use change on sustainability. This is
not the case for DACCS. The fundamental trade-off between BECCS and DACCS is substantial land and
water requirements for BECCS vs. renewable energy requirements for DACCS.
(3) For regenerative liquid-based DACCS, the solvent used (KOH) is readily available and is recycled
through two closed chemical loops where there is low levels of replenishment required
The use of a commodity solvent with low waste is a big advantage of liquid-based Direct Air Capture. It means
that there is no requirement to build a new supply chain for amine-based sorbents which have not been tested
at scale.
(4) There is negligible competition for land with agriculture
DACCS uses non-arable land. A one megatonne plant has a footprint of approximately 100 acres, about 100
times less than biological solutions for the same abatement.
(5) There is minimal water usage
DAC-based solutions use ~200x less water than biological solutions

Market mechanisms and policy frameworks
3.

What are the current barriers to deploying GGR technologies at scale in the UK?

The main barrier to deployment of DAC facilities in the UK is a financeable revenue stream. While the UK has
ambitious climate plans, incentives for production of renewable electricity, and mechanisms to encourage low
carbon fuel production (RTFO), there is at present no reward for ‘cleaning up the air’. This lack of revenue
must be addressed as a top priority. Without doing so, all other financial, accounting, innovation, and
environmental barriers are irrelevant.
Carbon Engineering Ltd.
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The second barrier is a robust transport and storage infrastructure.
CO2 removal through DACCS is uniquely measurable and easily verifiable through tried and tested methods
including flow monitoring. However the lack of a proper global carbon standards and accounting which
properly account for permanence of solution and full lifecycle carbon impacts for GGR as a whole is a third
important barrier:
(a) The lack of an agreed system and consistent, verification dents confidence and leads to artificially cheap
‘offsets’ available which do not change the course of climate change.
(b) So long as negative emissions are treated equivalently to cheaper avoidance of emissions, the shift
towards the former can’t be achieved over time.
(c) There needs to be an agreed standard for lifecycle analysis such that different solutions can be compared
like-for-like. That needs to include the impact of land use changes.

4.

Can these barriers be overcome in time through delivery of new government policy
mechanisms? If yes, what policy do you consider could be applied, why and by when? If no,
what other actions are necessary and by whom?

All three barriers can be overcome.
(1) Existence of a financeable revenue stream for GGRs
To support the development of the GGR sector, government must set out a clear roadmap to a negative
emissions sector with a long term vision as well as minimum targets and timeframes for CO2 removal (in
addition to existing targets for CO2 storage). Setting out the development of a market for negative emissions
and a clear statement of risk allocation would bring revenue certainty and increased confidence in investment
security for investors.
The publication of the CCUS business model update in 2020 was a good platform to continue discussions
with industry. It is now vital that GGR business models are accelerated in line with wider CCUS business
model development to ensure that they can develop in line with each other and enable informed decisions in
2021/22 on CCUS cluster development can be made.
In order to develop a sector at scale, FOAK and early projects must be developed in earnest. Delaying early
projects will delay the establishing of the sector, and may even shift early mover advantage to other
jurisdictions. In addition, government should:
●
Release a Greenhouse Gas Removal Strategy
●
Commit to minimum levels of deployment for CCS and GGR. Including updating the 10Mt CO2 storage
per year in 2030, to a minimum ‘at least 10Mt per year target’ as recommended by the Climate Change
Committee
●
Set clear early deployment targets and interim GGR milestones to help define a pathway to 2050
●
In the near term, policymakers will need to provide revenue certainty through short-term, focussed
support which enables initial investments in anchor projects and established specific GGRs in the UK.
The government could consider contracting GGR projects to remove a portion of its own carbon footprint,
complementing corporate voluntary commitments
●
Ensure GGR business models can integrate with wider CCUS business models. This will allow projects
to be assessed by financiers as a whole system and provide long term certainty of investors. Ultimately
enabling deployment and exposing DACCS and BECCS to valuable early operational experience
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●
●

Establish a longer-term market framework and indicate how early projects can move into the market over
time
Ensure supportive policy and product labels (eg zero carbon electricity, green steel etc) are simple and
easy for investors and the public to understand. As policies are introduced to support zero carbon and
GGR products and technologies, Government must ensure that simplicity is retained to prevent
confusion, this will increase consumer and investor appetite in low-carbon products and help to establish
a low-carbon and GGR market.

(2)
Access to, and interaction with, enabling infrastructure as well as future certainty on
infrastructure availability (e.g., CO2 storage and/or hydrogen networks)
We strongly support coordination of the deployment of DACCS with T&S infrastructure. Aligning deployment
of large scale GGRs through CCUS clusters allows economies of scale to be realised. To support the
continued role out of GGRs at and beyond initial clusters, T&S infrastructure must be built with extra capacity,
allowing new projects to come forwards in the late 2020s. As such, we propose that the target for CCUS
deployment outlined in the 2020 Energy White Paper of 10 Mt CO2 to be captured per year by 2030 should
be viewed as a floor. To promote further coordination the government should consider setting a target for
deployed DACCS and BECCS capacity in line with the CCUS target.
(3) Standards and accounting
The government should set standards for measurement. The different levels of storage permanency provided
by GGRs may require separate MRV methods. For example, some nature-based solutions may not store
carbon permanently and may rely on proxy indicators for volumes stored, so require an MRV system based
on estimates of carbon stored on a yearly basis. Whereas technological solutions which can store carbon
permanently. In the case of DACCS CO2 volumes can be directly quantified so could use an MRV system
which measures the tonnes of CO2 sequestered. In the case of BECCS and nature-based solutions it is critical
that land use change be taken into consideration. This is very important since land use change can severely
impact a cradle-to grave lifecycle analysis and have significant impacts on biodiversity.

5.

Are there existing policies that will need to be adjusted to enable the development and
deployment of the different GGR technologies?

We believe that there are minor examples of existing policies which can be adjusted to include direct air
capture, but that in order to allow GGR technologies to fully assist the UK in reaching Paris climate
commitments, a comprehensive GGR strategy must be developed and deployed, including policy
mechanisms to create revenue streams for GGR projects.
We comment on several aspects here:
Creating a long-term market
Inclusion of DACCS in the RTFO would mirror the Californian Low Carbon Fuel Standard (LCFS) and
Canada’s Clean Fuel Standard (proposed regulations published in Canada Gazetta, Part 1) where DACCS
projects are eligible to directly generate credits based on net atmospheric CO2 captured and permanently
sequestered. This inclusion reflects a view that DACCS may offer a cheaper and more practical
decarbonisation pathway for many of the hardest to decarbonise long-haul road and aviation market
segments. As a result, inclusion within the RTFO may enable the program to reach deeper emissions
reductions targets while avoiding excessively high compliance costs.
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In general, narrow transport-specific policies are critical. Broad schemes such as the UK ETS which include
easier to decarbonise industries will generate credits from cheaper removal and avoidance products and risk
removal projects never being incentivised without intervention despite their inherently different nature.
We believe there needs to be a recognition of the different incentivisation models for BECCS and DACCS.
BECCS can relatively easily benefit from the tried and tested power CfD but DACCS cannot as there is no
power output. Therefore, whatever incremental support BECCS requests for GGR, it will be much smaller
proportionally relative to GGR support for DACCS.
CCUS policy
DACCS could provide an important early user role for infrastructure, not only will this provide economies of
scale and assurance on CO2 volumes for T&S, it will deliver GGRs in the 2020s which both the CCC and
future energy scenarios 2050 (FES) scenarios recommend.
In order to realise early volumes of GGRs in the 2020s the first clusters must plan and coordinate accordingly.
It is important that as CO2 networks are developed, potential GGR sources can fully utilise the pipeline
capacity and influence infrastructure scaling/routing decision making. If GGR support mechanisms, business
models and deployment are delayed or insufficient, the technology may be brought forward at a suboptimal
time, resulting in higher costs (due to pipeline rerouting), greater total CO2 emissions (due to lack of volume
in T&S, or emitting captured biogenic) or preventing the project from progressing.
GGR business models
Although good progress has been made on business models for Dispatchable Power CCUS and Industrial
Carbon Capture, DACCS and BECCS business models are much further behind and need to be addressed
urgently. Regardless of the availability and coordination on funding and infrastructure, without an investable
business model early DACCS and BECCS projects will not be able to define a route to market and may not
be able to progress. Not only will this delay DACCS and BECCS deployment, it may result in higher costs
across remaining cluster users.
GGR targets and milestones
The introduction of a 2030 target for both annual CO2 storage volumes and hydrogen production capacity as
well as a commitment to deploy 4 clusters in the Prime Minister’s Ten point plan was a very helpful step and
provided industry with a commitment to a future market size.
A similar target for GGRs which would be available from DACCS and BECCS would be a strong signal for
support from Government. Additionally, as shown by the CCC analysis, there will be a substantial rate of
growth of all CCS sectors in the 2030s, as such, the introduction of interim milestones or targets for potential
market size out to 2050 would help projects prepare in the 2020s to enable the rate of growth predicted in the
2030s and beyond.

6.

What principles should guide the design of a funding framework for GGR infrastructure to
ensure fairness in paying for the costs of deploying and operating this infrastructure and
address distributional impacts challenges?

Five principles:
●
Making sure removals are verifiable and quantifiable: removals need to be calculated on a full life-cycle
basis, including measures such as land use and water use. Further, we believe that GGR should be
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●
●

●
●

differentiated from all forms of “avoided emissions” offsets, which are typically measured against
business as usual baselines and suffer a harmful lack of credibility
Instilling confidence in investors, which in our view is paramount. There is substantial interest in private
investment, but that requires a financeable revenue stream
Attracting innovation. Our perspective is that while the bulk of GGR should ensure value for money
(principle #4), nations also need to invest strategically in technologies that may not offer the lowest-cost
emissions reductions today, but which are likely to be critical to achieving deep decarbonisation and net
zero. We believe DACCS falls in this category
Ensuring value for money, long term, recognising that flexibility will be needed for early projects which
may not meet all value for money criteria considering the scale and high up-front investment required
Making a wider economic contribution – a new negative emissions sector will enable the UK to build back
better, revitalising existing industrial regions of the UK and supporting a new green jobs market

While we support a long-term goal of technology neutrality in the GGR market, we do not believe this concept
should be introduced at an early stage. All GGRs have the potential to contribute economically to the UK and
to support the Government’s net zero commitments. However, the diverse range of methodologies, storage
permanence, cost structures and applications to different sectors means that the investability of different
GGRs is likely to be adversely affected if early incentivisation takes a rigid technology neutral approach. It is
essential to bring a wide range of technologies to market to ensure long-term value for money rather than
focus on the cheapest or most readily deployable technology today. Therefore, specific incentivisation for
particular GGRs will be needed in the near term.
To build further on point #2, the ultimate goal of Government should be a liquid, scalable negative emissions
market that operates without support, and results in GGR projects coming forward on their own merit and
financial viability. In the near term, policymakers will need to provide revenue certainty through short-term,
focused support which enables initial investments in anchor projects and establishes specific GGRs in the
UK. To encourage FOAK plants the government could consider procuring GGR for a proportion of its own
emissions in order to meet its net zero obligations. In doing so the government sets a global example ahead
of COP26. So long as the government issues a credit-worthy contract, Government procurement alongside
company voluntary demand could constitute a revenue stream for FOAK plants against which private
investment can be attracted. In order to achieve the aim of scaling up a portfolio of technologies, the
procurement would need to have specific targets for DACCS. For later plants, a market based mechanism,
based on obligation on private companies would provide revenue certainty.

7.

What policy mechanisms could be used in the short term to catalyse the initial deployment
of GGR technologies?

As mentioned in our responses to other questions, we believe that targeted Government support is required
for initial projects involving strategic GGR technologies, of which we believe DACCS is key. The Government
should play an active role in promoting initial commercial deployments so that understanding of such GGR
pathways can then be studied and understood for further use in the UK. After initial FOAK projects, a transition
is needed towards a market-driven approach through the development of a negative emissions market.
To encourage FOAK plants the government could consider procuring GGR for a proportion of its own
emissions in order to meet its net zero obligations. In doing so the government sets a global example ahead
of COP26. So long as the government issues a credit-worthy contract, Government procurement alongside
company voluntary demand could constitute a revenue stream for FOAK plants against which private
investment can be attracted. In order to achieve the aim of scaling up a portfolio of technologies, the
procurement would need to have specific targets for DACCS. For later plants, a market based mechanism,
based on obligation on private companies would provide revenue certainty.

Carbon Engineering Ltd.
For more information please contact
REDACTED

8

www.carbonengineering.com

8.

Is there evidence of lessons from other sectors or countries that can inform the development
of the policy framework for GGR technologies in the UK?

To date, GGR has received less R&D and deployment support than the size of its contribution to 1.5C goals
would warrant. A variety of GGR methods have been studied in academic capacity among universities and
national labs, and recent high-profile reports have suggested further augmenting this work (National
Academies of Sciences CDR report 2019, Energy Futures Initiative “Clearing the Air”). But relatively few have
moved to real-world deployment in commercial capacity. That is now beginning to change, with the help of
recent amendments to policy, including:
●
Inclusion in market-based emissions reduction regulations– Both California’s LCFS, and Canada’s Clean
Fuel Standard (though still in design, not operation) now explicitly include DAC as eligible to generate
credits. A critical tenet of these schemes is the increase in obligation over time, which which forces
decreases in GHG emissions at a pace that encourages innovation, but which also allows the obligated
industry time to invest and adjust and also which avoids overly penalising the consumer
●
The U.S. 45Q tax credit – Once expanded in 2018, the 45Q tax credit has resulted in project development
both for flue-gas CCS projects and DAC projects. While the credit is too low in value to incentivise
investment in large-scale projects on its own, it does offer a price-stable complement to the LCFS
program such that the combined revenue stack is financeable. A number of stakeholders are now
working to further increase the value of 45Q and to make a “direct pay” (cash disbursement from
Treasury, for projects with insufficient tax appetite to take full advantage of the credit) option available,
so that DAC and CCS projects can scale at the pace needed.
It should be noted that the EU ETS (and the similar California Cap & Trade) to date has not been successful
in incentivising GGR. These are broad schemes which rightly include easier to decarbonise sectors such as
power where credits can be generated by reduction and avoidance at source with mature and cost-effective
substitutes. As a result, credit prices are typically lower than what is required to motivate most types of GGR
today. GGR is expected to be useful in harder, and thus more expensive, to decarbonise sectors and, in the
very long term, as a means to eventually reduce the overall excess carbon dioxide in the atmosphere. In
short, prices in broad carbon markets will not be high enough in the near-term to support all forms of GGR,
but it is imperative that higher prices be made available to initiate GGR scale-up so that it can play a critical
role in deep decarbonisation and net zero targets.
The GGR community is still seeking the optimal policy mix, and waiting for one to be applied in a leading
jurisdiction. The UK has an opportunity to create financeable market conditions for DAC and other forms of
GGR, and in so doing, unlock the jobs and investment potential that come along with GHG reductions.

Development and deployment
9.

Considering the current level of development of relevant technologies, from an engineering
and planning perspective, how long would it take to get these technologies to the stage of
being able to be deployed? And to the stage for construction of plants?

In September 2020 Carbon Engineering and Pale Blue Dot Energy announced a partnership to deploy the
first commercial scale plants in the UK. One of the locations being considered by the partnership for the first
UK DAC plant is in North East Scotland, close to the Acorn CCS project. The proposed DAC facility will deliver
permanent carbon dioxide removal by capturing significant volumes of CO2 from the air and then safely and
permanently storing it deep below the seabed in an offshore geological storage site. Pale Blue Dot Energy
are currently developing the offshore Acorn CO2 Storage Site, which was awarded the first UK CO2 appraisal
and storage licence by the Oil and Gas Authority. Acorn is aiming to be operational from late 2024 and the
first DAC project could be operational approximately two years later.
Carbon Engineering Ltd.
For more information please contact
REDACTED
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10. Are there parts of the end-to-end GGR delivery chain that only government can provide, or
will adequately designed market mechanisms be enough to unlock the delivery chain?
Commercial-scale direct air capture facilities can be built using existing industrial supply chains.
However, green funding is encouraged to help existing suppliers transition technology and skills to
new use cases
CE’s technology has been designed using equipment with industrial precedent in other large industries which
is then innovated on and integrated into our DAC system. This means our technology can be built at very
large scales with relatively low risk because the majority of the equipment is already in use in large industries
today and supply chains exist globally. The materials and equipment resembles that used in fossil-fuelled
power energy today; it’s just simply repurposed.
Since the majority of our equipment is assembled in-country (unlike the equipment used to supply the UK’s
offshore wind industry) our expectation is that a UK supply chain of DAC equipment will be established.
Energy transition funds can be a useful form of funding for firms looking to make investments to transition
their products from serving fossil fuel uses to serving DACCS.

Government support needed to establish financeable revenue streams in the near term
While we support a long-term goal of technology neutrality in the GGR market, we do not believe this concept
should be introduced at an early stage. All GGRs have the potential to contribute economically to the UK and
to support the Government’s net zero commitments. However, the diverse range of methodologies, storage
permanence, cost structures and applications to different sectors means that the investability of different
GGRs is likely to be adversely affected if early incentivisation takes a rigid technology neutral approach. It is
essential to bring a wide range of technologies to market to ensure long-term value for money rather than
focus on the cheapest or most readily deployable technology today. Therefore, specific incentivisation for
particular GGRs will be needed in the near term.
Skill sets already exist, so there is no need for government programmes
Hope to build up to 25 facilities in UK, delivering c.2500 direct long-term highly skilled operational jobs and
several thousand in supply chains and carbon removal credit management. Jobs required all resemble those
currently at-risk in today’s energy sector.
T&S infrastructure requires government policy and coordination
As discussed in other questions, deployment of DACCS requires T&S infrastructure. A more active role for
government is required here. We strongly support coordination of the deployment of DACCS with T&S
infrastructure. Aligning deployment of large scale GGRs through CCUS clusters allows economies of scale to
be realised. To support the continued rollout of GGRs at and beyond initial clusters, T&S infrastructure must
be built with extra capacity, allowing new projects to come forwards in the late 2020s. As such, we propose
that the target for CCUS deployment outlined in the 2020 Energy White Paper of 10 Mt CO2 to be captured
per year by 2030 should be viewed as a floor. To promote further coordination the government should consider
setting a 2030 target for deployed DACCS and BECCS capacity in line with the CCUS target.
Growing a UK GGR export industry

Carbon Engineering Ltd.
For more information please contact
REDACTED
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The UK is in a prime position to develop a GGR export industry given it’s access to depleted oil fields in the
North Sea, existing pipeline infrastructure and technological know-how (see question 11). The UK could
establish DACCS GGR as an export industry in one of two ways:
●
Selling of carbon removal credits to other countries without such natural advantages
●
Exporting supply chain, construction and operational know-how
Positioning the UK to take advantage of this will likely require support from the Foreign, Commonwealth and
Development Office and the Department for International Trade.

11. What comparative advantage might the UK have in developing and deploying GGR
technologies or in any future global market for negative emissions?
Over decades the UK has built up world leading oil, gas and chemicals industries so has unique industrial
advantages and offshore capabilities to become a global leader in GGR technology. The UK also has one
third of all of Europe’s offshore geological storage capacity (and as much as EU27 combined) so could
become a European CO2 storage hub for storage. Developing and deploying DACCS technology can
therefore help stimulate UK-owned and exportable supply chains - something which didn’t happen for offshore
wind and is unlikely to happen for BECCS.
However, if the UK doesn’t act now to commercialise DACCS, it will lose out to other budding CCUS/ GGR
hubs like the United States, the Netherlands and Norway - and as such, the opportunity to be a world leader
in this space lost.

12. What do you consider to be the regional impacts of deploying GGR technologies at scale? This
should cover both positive and negative impacts
As mentioned above, CE’s first facility is likely to be in North East Scotland, one of several areas in the UK
earmarked to become a net zero industrial hub through the utilisation of GGR technologies. Other clusters –
Humberside, Teesside, Merseyside and South Wales – targeted for investment as part of the Government’s
“levelling up agenda” would all be target sites for future facilities. Locating in North East Scotland has the
added benefit of strengthening the Union and ensuring all UK nations benefit from the adoption of these
technologies.
Our ultimate goal is to build up to 25 DACCS facilities in the UK, which would in turn deliver c.2,500 direct,
long term and highly skilled operational jobs, along with several thousand in supply chains and carbon removal
management. This would create new jobs for the declining oil and gas sector as the skills are transferable.
As the proposed location for our first plant, North East Scotland is ideally placed to utilise the skills built up
over decades serving North Sea oil and gas fields. This will also ensure these areas are not “left behind” in
the transition to net zero.
CE has a flexible business model and plans to license our technology to others to build. This, along with the
extensive use of standard industrial equipment, which is assembled on site, means that using CE’s DAC
solution will uniquely enable the rapid deployment of plants in the UK and crucially the development of a UKowned supply chain, as mentioned in answers above. This is something the UK offshore wind industry failed
to do ten years ago, which meant the UK lost out on building a supply chain and exportable products and
skills to what is now a global market. This in turn nurtures home-grown supply chains and skills and creates
local construction jobs. The extent of in-country construction is a unique aspect of CE DAC’s technology
compared to other DAC solutions on the market currently.

Carbon Engineering Ltd.
For more information please contact
REDCATED

11

www.carbonengineering.com

Carbon Engineering Ltd.
For more information please contact xxxxx
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From:
To:
Subject:
Date:

REDACTED
negativeemissions
submission for evidence for green house gas removal technology
24 January 2021 19:08:22

Dear National infrastructure commision /submission of evidence team
Hello I am REDACTED inventor of a CO2 conversion system , to reduce emissions from fossil fuel
and combustion technologies. I do not think carbon capture technology will be necessary , if the CO2
conversion system I have designed works as I hope. Carbon capture in terms of using CO2 (rather
than rock strata sequestration) I think will be a technology , as CO2 has uses either for its physical
properties as a refrigerant , or its biochemical properties as a substrate for sugars ,acids and alcohols
in biodeigestion and fermentation process , and it has been shown that elevated CO2 in greenhouse
growing systems , does increase yields , and is used particulary in the Nederlands , where emissions
are fed directly into a greenhouse system.
The energy system I have designed , processes CO2 into a water carbonate which can then be
converted into a form of cement ,in a water electrolysis process , and use of a salt (which is thought
to be a low grade calcium oxide) , and a Sabatier reaction which converts CO2 to CH4. An energy
system that can achieve this effectively uses CO2 twice negating the need for fuel (other than the
origional source of Carbon, which in it self may be carbon neutral.
I am currently in the early developmental stage of the system , but have done some basic calculations
of what is possible and I believe that I can remove atmosperic emissions from cement making and ,
and produce useful quantities of CH4 fuel , as LNG (or LRNG or indeed LBiogas) , the system has
patent application , and I am confident of its abilities as it uses technology we are familiar with , even
though developed in a way of thermal efficiency , not previously utilised , in that heat is recovered and
,input back into the combustion section.
A presentation was made to the Rushlite awards , Helios 7 energy systems 2019 (company not in
use at the moment due to covid) , when some of the early calculations were being made and things
have changed since then , as regards some improvements .
to offer basic evidence for the commitee for National infrastructure to consider , is if this system works
(and my figures thus far have not been dismissed) , I estimate (dependent upon system chosen) 20%
to 100% of all CO2 emissions from electricty generation/ and cement production can be converted
into CH4 to replace some/part of fossil fuel use , thereby enabling the move to net zero , without CO2
sequestration into rock strata . I believe that this will also create a more energy efficient system than
CCS , which is generally considered to consume (15% of the total energy/additional energy of the
source of combustion energy ) i.e. 15% less fuel is needed than to run a high pressure CCS system
into rock strata .
As further evidence depending upo pressure selected for CCS , the rock strata may be deformed
(perhaps to failiure) and the commitee should ask proposers for any CCS system to rock strata , how
many years (at said pressure/volume) will it take before the repsoitory so used is full , and that further
, if energy required to compress to CCS in rock strata , actually will increase towards the repository
becoming , so termed full , and how it can be capped off safely.
I have science qualifcations including Food technology and Electrical installtion and i am an
enviromental thinker who has communicated some of the thinking to Government , as it may be a
world leading technology , which I have termed sequential Oxygen combustion , which is a name first
used for gas turbines , but describes the basic system well.
I hope it is of interest to the committee
Yours sincerley
REDACTED
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From:
Sent:
To:
Subject:
Attachments:

REDACTED
25 January 2021 02:32
negativeemissions
Response to your Call for GGR Evidence
ClimateSolutionsDevelopmentv4.xlsx; Winwick&UNSDG.xlsx; Seatomiserv12.pdf;
GlacialSolutionsv2.pdf; IceShieldStrategyV52.pdf; Constructing a Low-cost
Cryogenic Labv3.pdf; IceArrayConstruction.pdf; IceShieldInstallationV7.pdf;
SatellitePumpingUnitDesignv7.pdf

Dear NIC,
There are two, additional, non-nature-based methods for GGR that should be considered by the Commission. The
first of these is designed to enhance the Solubility Pump that carries CO2 dissolved in surface waters to the abyssal
depths by means of increased density. The increase in relative density may be caused by either chilling or salinity, or
a combination of both. Water rich in CO2/carbonic acid reacts with seabed carbonates to form benign, dissolved
bicarbonate. This effect might be achieved as a co-product of ice thickening by means of pumping seawater onto sea
ice in the colder seasons to form, typically grounded, ice shield arrays. Whilst some 80% of the seawater would
freeze as brackish ice, the residual, chilled brine flowing down the gentle slope of the conical shield and into the sea
would concentrate whatever gases (mainly CO2 and oxygen) were originally dissolved in the ‘warmer' seawater, and
may absorb yet more from the atmosphere as it cools in the much colder atmosphere. During summers, the Ice
Shield infrastructure might be redeployed in the second method.
The second method deals with the atmospheric GHG, methane. This could efficiently be removed by converting it
into the less-thermally-insulating gas, CO2, by increasing methane's rate of catalytic photo-oxidation by increasing
the atmospheric concentration of long-lived aerosols of iron chloride salts. Power from floating commercial wind
turbines could be used to pump a dilute mixture of seawater and iron salt through special nozzles to generate lowmicron diameter droplets that, in unsaturated air, immediately evaporate into catalytic nanoparticles, many of
which are lofted by turbulence up as high as the tropopause. In sunlight, each such particle is capable of converting
many methane atoms per second into CO2 and water vapour. When eventually rained out, the iron content would
typically help to nutriate minor increases in phytoplankton and fish populations.
Here are answers to some of your GGR questions for the first technology, called Ice Shields.




CONSTRAINTS & BARRIERS - As the UK administers some waters where sea ice forms in winter, and as the
area of Ice Shield growth can be varied from a single hectare upwards, the main constraints will be ensuring
governmental, scientific and community approval. Whilst trials might be conducted in national waters, such
as those around South Georgia or the South Sandwich Islands, operations sufficient to offset UK emissions
would probably require permission by either the Arctic or Antarctic Treaty nations, or else friendly
governments such as one of Canada, Norway, Greenland or the USA. As well, policy, planning and
operational transparency would be required, with independent scientific monitoring of the operation.
TIMEFRAMES - Given the advanced state of floating wind turbine and ice thickening technology, proof of
concept, modelling, initial engineering design and system demonstration should be able to be achieved
within three to five years. Engineering scale-up, system learning, large-scale production and deployment
might occur during years six to fifteen.

Answers to some GGR questions for the second technology, called Seatomisers, follow.


CONSTRAINTS & BARRIERS - As the UK already deploys many offshore wind farms, the likely constraints are
even less than those suggested for the Ice Shields technology. Analogous technology has already been
piloted successfully as a potential means of saving the Great Barrier Reef. The main constraints are likely to
be those for gated approvals for successive stages. The operational area for Seatomiser deployment is
1



nothing less than most of the global ocean, though early deployments would advisably be restricted to UK
national and EEZ waters, plus perhaps some of those small island states whose economies might benefit
most from Seatomiser technology provided, possibly in part, via UK foreign aid.
TIMEFRAMES - Developing the Seatomiser technology offers no significant challenge. Even that of bi- or
triphasic nozzle development can probably be done using predicted modifications to BETE.com SpiralAir
nozzles. Modelling, design and demonstration might be achieved in as little as a year, with commercial
deployment commencing a year or so later.

SUPPLEMENTARY SUPPORTING DOCUMENTATION FOR:
General
Seatomisers
and https://www.theguardian.com/environment/2020/apr/17/scientists-trial-cloud-brightening-equipment-toshade-and-cool-great-barrier-reef and https://www.youtube.com/watch?v=LJWee8vO6FQ
Ice Shields
https://www.prwatch.org/news/2017/07/13266/save-ice-or-lose-rice
Both of these technologies are offered free. Neither concept is to be patented, though derivatives might be. The UK
might benefit greatly by becoming the first mover and engineering powerhouse.
My company is working with UK-based Envisionation to promote these and other climate solutions.
Best wishes,
REDACTED
Winwick Business Solutions Pty Ltd.
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From:
Sent:
To:
Subject:

REDACTED
01 February 2021 00:16
negativeemissions
Fwd: Greenhouse Gas Removal Technologies study: Call for evidence

Response by xxxxxx, University College London, Bartlett School
NB I may expand this response in further correspondence.
I am available to attend booked calls or group meetings to discuss this further.
Evaluation of GGR Technologies
What technological approaches do you consider fall under the two categories of GGR technologies covered by this
study of BECCS (including biogenic waste with CCS) and DACCS?
DAC
Carbon Engineering - calcining high temperature
Climeworks & Global Thermostat - thermal swing (amine low temperature)
Verdox energy - electro swing
Silicon Kingdom - humidity swing
Cement with CCS (Norcem Brevik - NB counts as DAC, as cement reacts with airborne CO2)
Magnesium oxide weathering - https://doi.org/10.1038/s41467-020-16510-3
Are there any others that we should consider?
Enhanced weathering of natural rock (project vesta)
Bio oil (charm industrial)
Biochar (cool planet)
Ocean fertilization (largely discredited, but in need of Regulation)
Solar Radiation Management geoengineering also affects the carbon cycle, and may be commercialised to generate
carbon credits. https://doi.org/10.1177/1461452916630082
Methane combustion and degradation https://pubmed.ncbi.nlm.nih.gov/22594483/
Natural climate solutions (storage of organic in sediments, soils and biomass) may or may not be seen as a
legitimate inclusion.

What are the constraints (beyond funding) to the potential size of a UK-based GGR industry?
Olivine/slag/overburden supply for enhanced weathering. Coastal shelf and arable land area to emplace material for
weathering. Capacity of ecosystem to absorb weathering's toxic byproducts
Permitting for CCS injection and transport infrastructure
Planning permission generally
Sustainable sources of biomass for BECCS
Low cost fuel (or waste heat) and electricity for DAC
Availability of predatory carbon credits, which crowd out legitimate carbon credits and choke off investment, as well
as undermining market credibility.
At what point do these constraints come into effect and impact the development of adequate capacity to meet the
net zero ambition?
Constraints could include requirements for inputs, e.g. sustainable biomass, and infrastructure and accounting
requirements.
1

Low quality carbon credits are already harming market credibility.
The planning and permitting system is a ubiquitous impediment to progress, and one important reason for China's
relative advantage across many industries.
Enhanced weathering constraints are difficult to establish, as they are subject to further research, ongoing (eg
Project Vesta).
Fuel supply for BECCS is already a constraint, with Drax fuelling being controversial even before it's set up for
BECCS.
Any use of electricity for DAC process heat (direct or heat pump) or electro swing DAC will require material
upgrading of the energy grid, to enable deployment at scale.
Waste heat will become an increasingly significant constraint for thermal swing low temperature DAC as thermal
power generation is reduced.
Input materials supplies for BECCS and weathering will constrain on scaling.
Market mechanisms and policy frameworks
What are the current barriers to deploying GGR technologies at scale in the UK?
Lack of obligation on polluters to use GGR to offset emissions
Lack of financial framework to fund removal of historic emissions.
Constraints on capital supply for process development - both private and public. None of the major DAC firms are
based in the UK. Little government support is available to attract investment. UK venture capital supply is anaemic,
with robust support only available through SEIS to the very smallest firms. ARPA-E grants give more robust support
than Innovate UK. Brexit has impacted Horizon 2020. NERC funding isn't focussed on commercialisation.
Negligible direct government purchasing of CDR. No tax breaks for private sector purchasing.
Can these barriers be overcome in time through delivery of new government policy mechanisms?
Yes, given sufficient political will.
If yes, what policy do you consider could be applied, why and by when?
That's a political choice. Furlough, Eat out to help out, and BBL / CIBLS were set up in days. A carbon tax on fuels
could be imposed tomorrow. All the schemes I listed immediately above could be built in a matter of months.
If no, what other actions are necessary and by whom?
Are there existing policies that will need to be adjusted to enable the development and deployment of the different
GGR technologies?
Primarily, the barriers are financial and a range of suitable methods exist to address the problem. Both market
support and investment support is required.
VAT and fuel duty could be eliminated for fuels with genuine Offsets ( ie those based on permanently removing
CO2). SEIS / EIS tax incentives need to be greatly extended to support the large R&D injections needed into the
sector. A carbon tax can provide an economy wide incentive.
What principles should guide the design of a funding framework for GGR infrastructure to ensure fairness in paying
for the costs of deploying and operating this infrastructure and address distributional impacts challenges?
Polluter pays obligation - carbon tax should be set at above the level of legitimate, permanent carbon credits. This
would likely require escalator introduction, to avoid gross economic shocks.
Historic emissions should be addressed through central taxation, directed to burden specifically those with greater
historic responsibility (eg fossil fuels firms, motor vehicles suppliers)
What policy mechanisms could be used in the short term to catalyse the initial deployment of GGR technologies?
My paper on the subject discusses this in depth.
2

Carbon dioxide removal and tradeable put options at scale https://doi.org/10.1088/1748-9326/aabe96
A carbon tax would also give clear price signals, but would require private sector support for infant industries, unlike
the options contracts discussed in my paper.

Is there evidence of lessons from other sectors or countries that can inform the development of the policy
framework for GGR technologies in the UK?
45Q has been very successful, but has been hampered by slow introduction of clear rules. California LCFS has also
been seen as an effective policy. The funding arrangements for Sleipner re injection and the Longship project are
also exemplary at catalysing early leads. Lessons can be drawn from the success of investment tax breaks, eg SEIS,
but the need to be moulded to the issue in hand.
Development and deployment
Considering the current level of development of relevant technologies, from an engineering and planning
perspective, how long would it take to get these technologies to the stage of being able to be deployed?
Highly dependent on questions of funding and scale. Climeworks can already build plants within around 1-2 years,
but thousands may ultimately be required - with supporting CCS and energy infrastructure. A funding stream for
scaling a company to such an extent is not trivial, and will likely take 3-5y for the markets to provide the multi billion
dollar funding required. A 10-30 years period for full scale deployment is therefore likely.
NB Every single plant will be held up in the planning system for minimum average 1-2 years of wholly avoidable
delays, with perhaps 5-6 years being possible. Further, a failure rate at planning permission of perhaps 40pc is to be
expected, unless local authorities are stripped of the power to inject politically-motivated and/or bureaucratic
delays into the approval process.
And to the stage for construction of plants?
See above.
Are there parts of the end-to-end GGR delivery chain that only government can provide, or will adequately designed
market mechanisms be enough to unlock the delivery chain?
Planning permission and infrastructure permitting remain major obstacles. Government must also provide a funding
landscape for both long-term revenue and short-term R&D investments. The latter may be direct, or by leveraging
private R&D with a firm revenue stream.
What comparative advantage might the UK have in developing and deploying GGR technologies or in any future
global market for negative emissions?
The UK has good knowledge industries. It has ample coastal resource for both Blue carbon (storage in marine
ecosystems) and enhanced weathering. It also has good renewable energy supplies, especially wind. CCS Storage
formations are readily available, in certain locations. There is a reasonable investment ecosystem, but the US is
clearly ahead.
CDR can contribute to UK plc. Negative Emissions, especially DAC, will be hugely important for creating transport
fuels (eg sunfire). We have no sustainable jet fuel at the moment. We have high capacity gas storage, but no way to
fill the storage and distribution network with non fossil gas. Gas manufacturer and storage is a potentially important
way to bring cheap, abundant solar energy into the dark cold winter evenings, where energy demand peaks.
What do you consider to be the regional impacts of deploying GGR technologies at scale? This should cover both
positive and negative impacts.
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Enhanced weathering will primarily affect agricultural and coastal regions, depending on whether terrestrial or
marine deployment is favoured. Most local environmental impacts will be negative.
CCS infrastructure generally will be highly concentrated where there are suitable reservoirs - eg the North Sea coast.
This has the ability to generate industrial clusters, as per the current policy focus.
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3 March, 2021

Dear Sir or Madam
As the coordinator of the Nordic Bio-CCS project Negative CO2, I would like to contribute to
the Call for Evidence, by sharing some brief information about a capture technology which
may be overlooked in the UK. Albeit there are now 50 pilots worldwide, there is to the best of
my knowledge none in UK.
The technology, CLC, has the unique potential of avoiding the costs and energy penalties of
gas separation needed in other capture technologies. Chalmers University has 4000 h of
operation of this process in four pilots as well as >200 reviewed publications on the subject.
In the Negative CO2 project we demonstrated the process with biomass fuels in three
different pilots in Norway, Sweden and Finland.
Attached is a 2-page description of the process and an explanation of the low costs.
I would be happy to answer any questions in relations to this.
Kind regards
REDACTED
P.S. Our university was founded by the Scotsman William Chalmers.

CHALMERS UNIVERSITY OF TECHNOLOGY

Department of Space, Earth and Environment
Division of Energy Technology
SE-412 96 Göteborg, Sweden
Visiting address: Hörsalsvägen 7b
Telephone: +46(0)31 772 1427
WEB: www.entek.chalmers.se/lyngfelt
E-mail: xxxxxxx

