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Definitions

Additionality: “Mitigation projects, mitigation policies, or climate finance are additional if they go beyond a business-
as-usual level, or baseline. Additionality is required to guarantee the environmental integrity of project-based offset
mechanisms, but difficult to establish in practice due to the counterfactual nature of the baseline.”?

Baseline: “the state against which change is measured. The term ‘baseline scenarios’ refers to scenarios that are
based on the assumption that no mitigation policies or measures will be implemented beyond those that are already in
force and/or are legislated or planned to be adopted. Baseline scenarios are not intended to be predictions of the
future, but rather counterfactual constructions that can serve to highlight the level of emissions that would occur
without further policy effort.”3

Leakage: When the emission removal, relative to the baseline, in a project is offset by an increase outside the project
boundary through displacement of resources, changes in consumption, production, land-use, indirect land use change
(iLUC), or trade across other sectors.*

Permanence: Refers to the length of time for long-term carbon storage.® Reversal risk is a project’s susceptibility of
releasing GHGs back into the atmosphere.®

Operators/Activity proponents: those implementing the CDR activity and applying for credits.

2 Allwood J.M., V. Bosetti, N.K. Dubash, L. Gdmez-Echeverri, and C. von Stechow (2014) Glossary. In: Climate Change 2014: Mitigation of Climate
Change. Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R.
Pichs-Madruga, Y. et al (eds.)]. P 1252. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

3Ibid, p 1253.

4Ibid, p. 1265.

5Schulte, I., Burke, J., Arcusa, S., Mercer, L., Hondeborg, D. (2024) Chapter 10: Monitoring, reporting and verification. in The State of Carbon
Dioxide Removal 2024 - 2nd Edition (eds. Smith, S. M. et al.). p.186 https://www.stateofcdr.org, doi:10.17605/0OSF.10/ (2024). The State of
Carbon Dioxide Removal. [online] Available at: https://www.stateofcdr.org/ [Accessed 10 Oct. 2025].

5 Axelsson, K., Wagner, A., Johnstone, ., Allen, M. and et al (2024). Oxford Principles for Net Zero Aligned Carbon Offsetting. Oxford: Smith
School of Enterprise and the Environment, University of Oxford. [online] p.6. Available at:
https://www.smithschool.ox.ac.uk/sites/default/files/2024-02/Oxford-Principles-for-Net-Zero-Aligned-Carbon-Offsetting-revised-2024.pdf
[Accessed 10 Oct. 2025].
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Greenhouse gas removals technologies are required to meet national and global net zero goals. Credible and
comparable removals require standardised methods and approaches. International standards are being rapidly
developed. This report presents a critical comparative analysis of the Draft Delegated Acts to the EU Carbon Removal
and Carbon Farming (CRCF) (EU/2024/3012) which includes draft methodologies for BioCCS and DACCS and related
regulations against the Integrity Council for the Voluntary Carbon Market (ICVCM) Core Carbon Principles (CCPs) and
Article 6.4 of the Paris Agreement which establishes the Paris Agreement Crediting Mechanism?.

This assessment is in the context of UK Greenhouse Gas Removal (GGR) standards development led by the UK
Department for Energy Security and Net Zero (DESNZ) and executed by the British Standards Institution (BSI). It
explores a scenario where the UK Government endorses the ICVCM as a minimum quality best practice for the
voluntary carbon markets, as per the recent Voluntary Carbon and Nature Markets (VCNM) consultation.

The comparative analysis focuses on four key assessment criteria: Additionality, Baseline, Leakage, and Permanence.
It further focuses on two CDR technologies Direct Air Carbon Capture and Storage (DACCS) and Bioenergy with
Carbon Capture and Storage (BioCCS). These have been identified as priority technologies for standards
development by DESNZ/BSI and included as priorities alongside biochar in CRCF draft carbon removal certification
methodologies released for consultation in July 2025.

Findings are summarised with a Red Amber Green (RAG) rating for each parameter’s sub-category.

RAG rating:

e Green = good alignment of approaches and methods likely leading to similar outcomes

. some alignment but not complete, some gaps that may lead to differences in outcomes

e Red = limited alignment or major gaps in methodologies and approaches that are likely to lead to clear
differences in outcomes and risks to integrity

Key Findings

Additionality

“Mitigation projects, mitigation policies, or climate finance are additional if they go beyond a business-as-usual level,
or baseline. Additionality is required to guarantee the environmental integrity of project-based offset mechanisms, but
difficult to establish in practice due to the counterfactual nature of the baseline.”®

The CRCF framework shows reasonable alignment through its review mechanisms and independent verification,
though it lacks prior consideration and regulatory checks. The standardised zero-baseline approach, while reducing
administrative burden for these nascent technologies, currently carries low non-additionality risk given limited policy
and financial support for deployment although could be a potential risk if income from CRCF units are minimal
compared to increased public funding.

7 It should be noted that some of the standards assessed here are draft, and all are under rapid and continuous development. Full list of
reviewed documents in Table 3 on page 19.

8 Allwood J.M., V. Bosetti, N.K. Dubash, L. Gémez-Echeverri, and C. von Stechow (2014) Glossary. In: Climate Change 2014: Mitigation of Climate
Change. Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R.
Pichs-Madruga, Y. et al (eds.)]. P 1252. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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Baselines

A Baseline is “the state against which change is measured. The term ‘baseline scenarios’ refers to scenarios that are
based on the assumption that no mitigation policies or measures will be implemented beyond those that are already in
force and/or are legislated or planned to be adopted. Baseline scenarios are not intended to be predictions of the
future, but rather counterfactual constructions that can serve to highlight the level of emissions that would occur

without further policy effort.”®

The CRCF employs a zero-baseline approach, assuming no
removals would occur without the project, therefore all removals are
defined as additional. This simplifies administration but lacks
transparency in its justification, data sourcing and uncertainty
analysis, falling short of high integrity credit standards. Lacking
requirements such as regulatory analysis and prior consideration
risks non-additional credits if member states (MS) introduce legal
requirements in the future. While the risk of non-additionality for
permanent removals is currently low and biomass safeguards
provide some protection, the broad definitions and lack of
international harmonisation may lead to oversights in future scaleup
scenarios and insufficient conservativeness.

The methodology approach reflects a policy choice of prioritising
market development and regulatory consistency over the detailed
analysis for choosing the baseline scenario and quantity. The
regulation does allow update and review of the baseline at least
every five years, allowing necessary changes to be reflected in the
accounting to reduce non-additional credits.

Leakage

“While the CRCF
comprehensively accounts
for process-chain
emissions and includes
safeguards such as the
cascade principle and

capacity restrictions, it fails
to adequately identify,
quantify, or deduct all
relevant leakage
sources...”

Leakage is when the emission removal, relative to the baseline, in a project is offset by an increase outside the
project boundary through displacement of resources, changes in consumption, production, land-use, indirect land use

change (iLUC), or trade across other sectors. 0

While the CRCF comprehensively accounts for process-chain emissions and includes safeguards such as the
cascade principle and capacity restrictions, it fails to adequately identify, quantify, or deduct all relevant leakage
sources, particularly market impacts and fossil fuel increases needed to maintain grid balance. While current leakage
risks appear low given the early-stage nature of these technologies, concerns exist regarding sustainable biomass
sourcing as the sector scales, particularly given competing demands across biofuels, sustainable construction, and
the bioeconomy. The methodology's provision for five-yearly reviews offers opportunity for improvement as market

conditions evolve.

°|bid, p 1253.
1 |bid, p. 1265.
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Sub-Category ICVCM Article 6.4 CRCF Approach and Alignment
Approach Approach

Additionality

PRE-ACTIVITY
Regulatory additionality (activities | Mandatory Mandatory Not considered- with some justification*
exceed host country existing
statutory obligations or legal
requirements)
Prior consideration (the carbon Mandatory Mandatory Not considered- with some justification*
credits are a pre-planned part of
the activity, e.g. including
stakeholder consultations)
Methodology pathway/ approach: | Severaloptions | Several

(A) Investment + Common available options Only (C) standardised methodology available with
Practice, (B) Barrier Analysis + similar to available some justification**

Common Practice (C) Article 6.4 similar to

Standardised (ICVCM) or ICVCM

Performance (Article 6.4)
METHODOLOGY DURING ACTIVITY: For (C) standardised method/approach only:
- High stringency compared to | Mandatory Mandatory Low level of stringency with some justification
other Methodology
pathway/approach Aand B

- Detailed Justification Mandatory Mandatory _

- Review Mechanism Mandatory, but | Mandatory, but | Reviewed at least every 5 years along with
no specified no specified standardised baseline
timeline timeline
- Independently Verified Mandatory Mandatory Mandatory
Consideration of different Not considered: only zero baseline, with some
scenarios Mandatory Mandatory justification
Conservative approach to Not considered: only zero baseline, with some
quantification Mandatory Mandatory justification
Downward adjustment over time
to raise ambition Not Considered | Mandatory Not considered: assumes zero baseline
Account for perverse incentives to
increase credits Mandatory Mandatory Not considered: assumes zero baseline
Mandatory, but | Mandatory, but
Updated To Reflect no specified no specified
Circumstances timeline timeline Reviewed at least every 5 years
- Independently Verified Not considered: only zero baseline, with some
Mandatory Mandatory justification*

 Leakage |

Leakage source coverage (e.g.
energy, land use, market

activities) Mandatory Mandatory Some aspects considered
Conservative approach to
quantification Mandatory Mandatory Not inclusive of all sources

Considered through biomass use "cascading
principle" and avoidance of market distortion (e.g.

Leakage prevention/minimisation | Mandatory Mandatory energy)
Estimation and deduction of
residual leakage emissions Mandatory Mandatory

Robustness & Uncertainty Mandatory Mandatory _

See Table 1 description on the next page.
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Table 1. Alignment of Assessment Criteria for BioCCS and DACCS: Additionality, Baseline, Leakage in the EU-CRCF
Regulation (Carbon Farming and Carbon Removal) and other related EU regulation and guidance, with the ICVCM Core
Carbon Principles & Assessment Framework and Article 6.4 of the Paris Agreement. RAG rating: Green = good alignment of
approaches and methods likely leading to similar outcomes; some alignment but not complete, some gaps that may
lead to differences in outcomes; Red = limited alignment or major gaps in methodologies and approaches that are likely to
lead to clear differences in outcomes and risks to integrity. *RAG rating shown is only in relation to BioCCS and DACCS, for
broader CDR activities RAG rating likely to be lower (see main text for details). **not rated as the methodological
pathway/approach is an optional choice in ICVCM and article 6.4, and the CRCF has gone with this specific choice C, with
the detailed sub-criteria for that choice C assessed below.

Permanence & Reversal Risk

Permanence refers to the length of time for long-term carbon storage.'! Reversal risk is a project’s susceptibility of
releasing GHGs back into the atmosphere. 12

On permanence, the approach to reversal risk and monitoring periods is quite similar with Article 6.4 and ICVM
requiring proof of negligeable risk of reversal before post-credit monitoring can end. For geological storage in
particular, the CCS directive includes adoption of risk management frameworks under international regulations. CCS
is considered to have “very low or no reversal risk” with some requirement for Operators to demonstrate negligible risk
of reversal.

The approach to risk management is similar with Article 6.4 the ICVCM and CRCF addressing reversal risk in the
project design phase, albeit with different levels of detail, which ensures opportunities to address risk prior to project
implementation. To compensate for reversals, Article 6.4 uses buffer pools for both avoidable and unavoidable
reversal risks and provides methods for calculating buffer pool size through the risk reversal tool. ICVCM suggests
compensation for avoidable risks only, and buffer pools only for CDR technologies with biogenic storage, not CCS.
The CRCF suggests that all types of reversal risks should be addressed through liability mechanisms such as
collective buffers or up-front insurance mechanisms without detailed specification or methods. The text is vague,
possibly because the development of methodologies for the different types of CDR technologies is at an early stage.

" Schulte, I., Burke, J., Arcusa, S., Mercer, L., Hondeborg, D. (2024) Chapter 10: Monitoring, reporting and verification. in The State of Carbon
Dioxide Removal 2024 - 2nd Edition (eds. Smith, S. M. et al.). p.186 https://www.stateofcdr.org, doi:10.17605/0OSF.I0/ (2024). The State of
Carbon Dioxide Removal. [online] Available at: https://www.stateofcdr.org/ [Accessed 10 Oct. 2025].

2 Axelsson, K., Wagner, A., Johnstone, I., Allen, M. and et al (2024). Oxford Principles for Net Zero Aligned Carbon Offsetting. Oxford: Smith
School of Enterprise and the Environment, University of Oxford. [online] p.6. Available at:
https://www.smithschool.ox.ac.uk/sites/default/files/2024-02/Oxford-Principles-for-Net-Zero-Aligned-Carbon-Offsetting-revised-2024.pdf
[Accessed 10 Oct. 2025].
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Permanence

Sub-Category ICVCM Approach Article 6.4 Approach | CRCF Approach and
Alignment

Approach to
permanence

Approach to reversal risk

Monitoring period

Approach to risk

management/compensating

for reversals

Approached through
"material risk of
reversal" (including
CCS).

Requires definition of
avoidable vs
unavoidable risk. Risk
assessment mandatory
using publicly available
methods

No monitoring period
for CCS once material
risk for reversal is
calculated and
safeguarded.

[Carbon storage in
biogenic reservoir
minimum 40 years]
Compensation of
avoidable risks only.
Not Considered for
CCS, but buffer pools
for other select CDR
activities

Emphasis on calculating
risk of reversal through
assessment tool. Some
reference to 100 yr
timeline

Defines avoidable vs
unavoidable risk. Must
provide evidence of
negligible reversal risk (<
0.5% over a 100-year
timeframe) or
remediation of reversals
" Monitor and report
indefinitely until
negligible risk of reversal
or until potential reversal
remediated". Minimum
period to be defined
when activity specific
methodologies released
Remediation of
avoidable and
unavoidable risks. Buffer
pool determined using
the reversal risk
assessment tool

DACCS, BioCCS "very low or no
risk of carbon release", but still
requires risk reversal assessment.

Monitoring and mitigation of
avoidable and unavoidable risks
during the crediting period. Post-
credit - assess reversal risk.
Methods in CCS Directive less
detailed than Article 6.4

Rolling (subsequential) crediting
periods maximum 10 years each.
Post-credit period monitoring
minimum 20 years, unless proof
or permanent storage

Buffer pools mentioned in CRCF
but lacks information on when
and how they are used, CCS
directive mentions other
management frameworks but
lacks detail

Table 2. Alignment of Assessment Criteria for BioCCS and DACCS: Permanence in the EU-CRCF Regulation (Carbon
Farming and Carbon Removal) and other related EU regulation and guidance, with the ICVCM Core Carbon Principles &
Assessment Framework and Article 6.4 of the Paris Agreement. RAG rating: Green = good alignment of approaches and

methods likely leading to similar outcomes;

some alignment but not complete, some gaps that may lead to

differences in outcomes; Red = limited alignment or major gaps in methodologies and approaches that are likely to lead to
clear differences in outcomes and risks to integrity. (see main text for details).
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Recommendations

Additionality, baselines and leakage

More detailed existing methods found in the ICVCM, Article 6.4 and the Greenhouse Gas
protocol could be considered in the ongoing updating of the EU-CRCF and for the future
development of UK BSI standards. In particular: calculating project baselines rather than
assuming a zero baseline; and more rigorous direct evaluation of leakage throughout the
project activity and monitoring period.

This could be supported by additional expertise or knowledge through an independent
advisory body and/or monitoring bodies to assist with verification and calculation of
baselines.

Permanence and reversal risk

Both ICVCM and CRCF, could adopt the more detailed approach and methods to
calculating risk reversal as specified in Article 6.4.

CRCF could specify and provide methods for risk reversal compensatory mechanisms (e.g.
via buffer pools and insurance), potentially using Article 6.4 approach and methods.

Sustainability

CRCEF, ICVCM and Article 6.4 could Include setting baselines for sustainability indicators
and monitor these across the life-cycle of a project and throughout the activity period.

If prioritising selective CDR technologies for early standards
development

Consider implications for approach and methods development across a broad range of
assessment criteria, a broad range of potential CDR technologies, and scale-up (resource

constraints etc) from the outset to ensure comparability and a level playing-field across all
activities, and to future proof work against perverse outcomes and integrity issues.

Accuracy and best practice vs pragmatism and minimum standards

Outline a regular review and update process, with clear timelines and clarity as to if/how
these will be applied to existing projects.

Activity proponents/operators could be rewarded for adopting best practice for example
through financial incentives or lower risk compensation requirements.

An independent advisory body could support best practice methods through e.g. provision
of harmonised methods and data, emission factors, models, scenarios. Transparency and
data sharing is key for learning by doing and should be required to the greatest extent
possible given IP and commercial considerations.

Alignment of International Standards for Carbon Dioxide Removal Using Carbon Capture and Storage
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Achieving net zero climate targets by 2050 will require a combination of emissions reductions, and greenhouse gas
removal (GGR)/Carbon Dioxide Removal (CDR). Multiple CDR technologies need to be deployed at scale to reach
Paris Agreement-consistent scenarios of 7-9 GtCO2 removal per year by 2050'3. As a result, the global CDR market is
rapidly evolving. What has previously been developing under voluntary carbon markets (VCM) is being integrated into
national, regional and global regulatory frameworks. The European Commission (EC) and the UK Government have
been working on developing standards for scalability and integrity for carbon and nature markets.

At the international policy level, country signatories to the United Nations Framework Convention on Climate Change
(UNFCCC) are developing and approving principles and methods for carbon accounting under Article 6.4 of the Paris
Agreement. Initiatives like Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) are
underpinned by the Paris Agreement Compensation Mechanism defined in Article 6.4, and directly influence the
development of VCM advisory bodies, such as the Integrity Council for the Voluntary Carbon Market (ICVCM).

In the UK, the government’s 2025 ‘Carbon Budget & Growth Delivery Plan’ projects removals of 21.8 MtCOze/year by
2035, based on modelling and projections under current policy approaches ', with the Climate Change Committee
Seventh Carbon Budget advice recommending 21 MtCOz/year by 2040, based predominantly on Biomass Energy with
Carbon Capture and Storage (BECCS) alongside other engineered removals, such as Direct Air Carbon Capture and
Storage (DACCS)'. The current research and development focus for the UK Government’s Department for Energy
Security and Net Zero (DESNZ) is on scaling large, cluster-based Carbon Capture and Storage (CCS) projects. The
recently published ‘Greenhouse Gas Removals (GGR): Business Model’ guidance indicates that “engineered” GGR
technologies (including BECCS and DACCS) have the potential to play a key role in the UK’s Clean Energy
Superpower Mission, delivering clean power by 2030 and accelerating to net zero across the economy by 205016,
Moreover, the inclusion of GGR projects on the ‘HyNet expansion: project negotiation list’, indicates that the UK
Government is moving rapidly towards scaling engineered CDR.""

In 2024, the UK Government released 6 principles for voluntary carbon and nature market integrity '8. Early in 2025,
the UK government launched its voluntary carbon and nature market (VCNM) “Raising Integrity” consultation, where
they invited experts’ views on a proposal “to endorse ICVCM as a minimum quality requirement for global VCM
credits”'®. In early 2025, the UK government asked experts to provide their views on the ICVCM “principles and
framework as representing a minimum quality requirement for global VCM credits” with a view that their Core Carbon
Principles (CCPs) and assessment framework (AF) offer a “baseline mechanism for providing assurance on the

3 Gidden, M. J., Roe, S., Ganti, G., Gasser, T., Hasegawa, T., Lamb, W. F., Ochi, Y., Strefler, J., Vaughan, N. E. (2024). Chapter 8: Paris-consistent
CDR scenarios. In: The State of Carbon Dioxide Removal 2nd Edition. [online] State of CDR. Available at: https://www. stateofcdr.org [Accessed
15 Aug. 2025].

14 Department for Energy and Net Zero (2025). Carbon Budget and Growth Delivery Plan. [online] Gov.UK. Available at:
https://assets.publishing.service.gov.uk/media/6901d0c2a6048928d3fc2b55/carbon-budget-and-growth-delivery-plan-report.pdf [Accessed
10 Nov. 2025].

15 Climate Change Committee (2025). The Seventh Carbon Budget - Climate Change Committee. [online] Climate Change Committee. Available
at: https://www.theccc.org.uk/publication/the-seventh-carbon-budget/ [Accessed 10 Nov. 2025].

18 Department for Energy and Net Zero (2023). Greenhouse gas removals (GGR): business model. [online] GOV.UK. Available at:
https://www.gov.uk/government/publications/greenhouse-gas-removals-ggr-business-model [Accessed 10 Nov. 2025].

7Schulte, I., Burke, J., Arcusa, S., Mercer, L., Hondeborg, D. (2024) Chapter 10: Monitoring, reporting and verification. in The State of Carbon
Dioxide Removal 2024 - 2nd Edition (eds. Smith, S. M. et al.). p.186 https://www.stateofcdr.org, doi:10.17605/0OSF.I0/ (2024). [online] Available
at: https://www.stateofcdr.org/ [Accessed 10 Oct. 2025].

'8 Department for Energy and Net Zero (2024). Principles for voluntary carbon and nature market integrity. [online] GOV.UK. Available at:
https://www.gov.uk/government/publications/voluntary-carbon-and-nature-market-integrity-uk-government-principles/principles-for-
voluntary-carbon-and-nature-market-integrity [Accessed 15 Aug. 2025].

' Gidden, M. J., Roe, S., Ganti, G., Gasser, T., Hasegawa, T., Lamb, W. F., Ochi, Y., Strefler, J., Vaughan, N. E. (2024). Chapter 8: Paris-consistent
CDR scenarios. In: The State of Carbon Dioxide Removal 2nd Edition. [online] State of CDR. Available at: https://www. stateofcdr.org [Accessed
15 Aug. 2025].
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integrity of carbon credit methodologies as a minimum basis for high integrity”2°. The convergence of the VCM with
national and international regulatory frameworks for standardisation is imminent, yet these are complex areas, and it is
difficult to assess to what extent they are compatible. A key question is, what is necessary to maintain high integrity
while promoting usability and operability?

The Carbon Removal and Carbon Farming (CRCF) EU Regulation (2024/3012)2' covers certification methodologies
for carbon dioxide removal (CDR). There are several other closely aligned areas of EU legislation including the
Renewable Energy Directive (e.g. RED IIl) and the .

The UK government has commissioned the British Standards Institution (BSI) to develop detailed project level
methodologies for quantification of CDR across the UK carbon market. Flex Standards (minimum quality thresholds)
for specification of nature-based carbon benefits?2 and a consultation on “Voluntary Carbon and Nature markets:
Raising Integrity” 23 were published in 2025. In July 2025, Flex standards were published for DACCS and BECCS?*
25, Robust standards and regulations under harmonised policies will provide transparency and build trust for markets
to scale CDR and produce high quality credible removals and avoid double counting and greenwashing, through
public acceptance and environmental safeguards?®. Biomass sustainability, responsible sourcing of feedstock used for
capturing and permanently storing carbon, and the MRV associated with it, and addressing uncertainty are key
elements. The UK government is aiming for both high integrity, accuracy and alignment with other key international
regulatory frameworks and standards such as the ICVCM, the CRCF and the Article 6.4 further. This will enable
international transparency, comparability and interoperability.

The UKRI-funded Greenhouse Gas Removal Demonstrators (GGR-D) Programme (2021-2026), co-ordinated by the
CO:2RE hub, has developed its own Evaluation Framework?”. These are governance principles for high integrity
carbon removals allowing evaluation and cross-comparison of different CDR methods on a coherent and consistent
basis The evaluation dimensions are Removals (net negative GHG balance along the whole life-cycle, and
permanence), environmental impacts and co-benefits, social dimensions, human systems, monitoring, reporting and
verification (MRV), legal regimes, and business models. This work suggests that all aspects must be considered for
scalability.

The next phase of development for DESNZ and BSI are methodologies for power-BECCS (a subset of BECCS related
to electricity generation only, not transport biofuels) and DACCS developed into full standards. The EU CRCF recent
draft standards focused on “permanent removals” BioCCS, DACCS and Biochar. To provide timely evidence to UK
decision makers, BSI and other stakeholders, and to respond to the recent CRCF consultation, the CO2RE hub has
conducted a comparative analysis of the three sets of international standards’ approaches to BioCCS and DACCS:

20 Department for Energy and Net Zero (2025). Voluntary Carbon and Nature Markets: Raising integrity. [online] Gov.UK. Available at:
https://assets.publishing.service.gov.uk/media/67ff86a6ed87b81608546788/vcnm-integrity-consultation-document.pdf [Accessed 15 Aug.
2025].

2 European Council of the European Union (2024). Council greenlights EU certification framework for permanent carbon removals, carbon
farming and carbon storage in products. Press Release. Available at: https://www.consilium.europa.eu/en/press/press-
releases/2024/11/19/council-greenlights-eu-certification-framework-for-permanent-carbon-removals-carbon-farming-and-carbon-storage-in-
products/#:~:text=Certification%20criteria,one%200r%20more%20sustainability%20goals [Accessed 15 Aug. 2025].

22 British Standards Institution (2025). BSI Flex 703 v1.0:2025-03 Nature markets — Supply of nature-based carbon benefits - Specification.
[online] Bsigroup.com. Available at: https://standardsdevelopment.bsigroup.com/projects/9025-11648#/section [Accessed 10 Nov. 2025].

28 Department for Energy and Net Zero (2025). Consultation: Voluntary Carbon and Nature Markets Raising integrity (accessible webpage0.
[online] GOV.UK. Available at: https://www.gov.uk/government/consultations/voluntary-carbon-and-nature-markets-raising-integrity/voluntary-
carbon-and-nature-markets-raising-integrity-consultation-document-accessible-webpage [Accessed 15 Aug. 2025].

24 British Standards Institution (2025). BSI Flex 2007: v1.0:2025-07: Direct air carbon capture and storage (DACCS). Quantification of greenhouse
gas (GHG) emissions and removals. Specification. [online] BSI. Available at: https://knowledge.bsigroup.com/products/direct-air-carbon-
capture-and-storage-daccs-quantification-of-greenhouse-gas-ghg-emissions-and-removals-specification.

% British Standards Institution (2025). BSI Flex 2006: v1.0:2025-07: Bioenergy with carbon capture and storage (BECCS). Quantification of
greenhouse gas emissions (GHG) and removals. Specification. [online] BSI. Available at: https://knowledge.bsigroup.com/products/bioenergy-
with-carbon-capture-and-storage-beccs-quantification-of-greenhouse-gas-emissions-ghg-and-removals-specification.

% Whitehead, A. (2025). Independent Review of Greenhouse Gas Removals. [online] Gov.UK. Available at:
https://assets.publishing.service.gov.uk/media/68f8d27a0794bb80118bb764/independent-review-of-ggr.pdf [Accessed 27 Oct. 2025].

27 Butnar, I; House, J; Singh, N; Lynch, J; et al. (in prep) CO2RE Evaluation Framework. See also https://co2re.org/ggr-evaluation/.
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The emerging EU CRCF regulation and any related regulations/directives
The Integrity Council for the Voluntary Carbon Market (ICVCM) ICVCM Core Carbon Principles
(CCPs) and assessment framework (AF) and related CORSIA documents

Article 6.4 of the Paris Agreement*

*see table 3 (page 19) for full documents list

The analysis identifies to what extent the current drafts of frameworks are aligned, what the gaps are, what risks this
might pose, how these might be addressed, and what the implications might be. It focuses on four key assessment
criteria: Additionality, Baseline, Leakage and Reversal. It briefly considers the broader context of a range of CDR
technologies and evaluation criteria (including sustainability), with more detailed evaluation of these aspects planned
in future work.
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Many CDR projects are still only at the demonstration or early development stage with a lack of data and high
uncertainties. This is a rapidly developing field where new data, methods and approaches are being presented and
evaluated. Similarly, there is a plethora of rapidly emerging and existing standards, protocols and regulations that are
relevant to CDR. Each of these has been developed for different purposes, over different timescales, with involvement
of different stakeholders, and are at different stages of development, leading to high variation and lack of consensus.
A more helpful framing therefore may be to what extent different approaches represent minimum standards or current
best practice relating to principles of high integrity, while still being pragmatic for application in the real world for the
purposes for which they were developed.

Rather than try to assess the entire field of standards and methods including across the voluntary carbon market, this
report focuses on three major international processes expected to have a large influence on UK and other national
policy development.

The CRCF and Article 6.4 mechanisms aim to support the inclusion and facilitate participation in the voluntary carbon
market (VCM) depending on implementation and adoption. Finance is particularly emphasised by the CRCF which
states the importance of public initiatives in supporting CDR282° and establishing one framework to satisfy the needs
of the VCM and public funding streams.3° The Paris Agreement Crediting Mechanism also offers a “Mitigation
Contribution Pathway” which can support climate finance objectives. Furthermore, the CRCF is limited in scope to
activities in the EU3! which are generally already submitted to substantial regulatory control (e.g. planning, permitting,
emissions control). The ICVCM principles and framework, on the other hand, are formed primarily to improve the
functioning and scalability of the VCM by raising standards therein and thus building trust in the VCM. 32 Furthermore
ICVCM and Article 6.4 simultaneously cover all CDR technologies with a broad scope, while the CRCF has a
narrowed scope with initial focus on BioCCS, DACCS and biochar.

Prioritising specific CDR technologies vs considering all simultaneously:

DESNZ have prioritised development of standards for BioCCS and DACCS with BSI, while “nature-based solutions”
are dealt with through Defra and BSI development of carbon and nature standards33. Similarly, the CRCF has an
initial focus on BioCCS, DACCS and biochar. In contrast the ICVCM and article 6.4 cover all CDR technologies.
Developing standards and methodologies are complex and time consuming. Focusing on key technologies allows
more rapid development and scale-up of technologies considered a priority. Prioritisation could include many factors
e.g. potential quantity of removals, opportunity to scale rapidly, more confidence in life-cycle net negative removals,
readily available methods with potentially lower uncertainty, opportunities for environmental co-benefits, local resource
suitability and associated economic priorities.

% European Union (2024). Regulation (EU) 2024/3012 of the European Parliament and of the Council on Establishing a Union Certification for
Permanent Carbon Removals. Europa.eu [online] Available at: https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng [Accessed 15 Aug. 2025].

2 European Union (2025). Article 1(2) Directive (EU) 2018/2001 of the European Parliament and of the Council. [online] Available at: https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02018L2001-20240716 [Accessed 15 Aug. 2025].

% Strubelj, L., Smith, S. M., House, J. |., Rodway-Dyer, S., Lynch, J., Bogojevi¢, S., Macinante, J. D., & Mac Dowell, N. (2023). The new EU carbon
removal certification: landmark legislation or an empty promise? One Earth, 6(9), 1093-1097.

31 European Union (2018). Directive (EU) 2018/2001 of the European Parliament and of the Council on the promotion of the use of energy from
renewable sources (RED Ill). Article 1(2) [online] Europa.eu. Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A02018L2001-20240716 [Accessed 15 Aug. 2025].

That does not apply to biomass according to the text of Draft Regulation on Certification Methodologies for Permanent CDR (Article 3(3)).

32 |ntegrity Council for the Voluntary Carbon Market (2024). Core Carbon Principles. Section 1: Introduction. [online] ICVCM. Available at:
https://icvem.org/wp-content/uploads/2024/02/CCP-Section-1-V1.1-FINAL-15May24.pdf [Accessed 15 Aug. 2025].

33 British Standards Institution (2025). BSI Flex 703 v1.0:2025-03 Nature markets — Supply of nature-based carbon benefits - Specification.
[online] Bsigroup.com. Available at: https://standardsdevelopment.bsigroup.com/projects/9025-11648#/section [Accessed 10 Nov. 2025].
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On the other hand, focusing on some technologies first, or across separate processes risks lack of comparability.
Investors and decision makers required a level playing field of evaluation criteria to inform decisions about which
technologies to prioritise or invest 3435, In the UK, developing standards independently without alignment across both
land-based and engineered removals risks a lack of fungibility and scalability36. This is particularly so for CDR
technologies where the removal process is in the land, for example, with biomass for wood-based storage sits within
Defra ‘s remit and the BSI Nature Markets Standards?®” while biomass for BioCCS is within DESNZ’s engineered
solutions remit and covered by the BSI 2006 Bioenergy with Carbon Capture and Storage Standards3.

EU CRCF Background

In November 2024, the EU published the Carbon Removals and Carbon Farming (CRCF) Regulation (2024/3012), a
framework for certifying carbon removals, carbon farming and carbon storage products for the EU to achieve its 2050
climate target.3® Subsequent amendments/updates (delegated legislation) containing certification methodologies for
carbon dioxide removal (CDR) will to enable “operators” (those implementing the CDR activity and applying for
credits) to apply the quality criteria laid down in this Regulation in a standardised, verifiable, cost-effective and
comparable way. The Quality Criteria“® for specific CDR activities are quantification;*' additionality;*? storage*3,
monitoring and liability;** and sustainability.*5 Certification methodologies*® must be in line with the content of the
CRCF (2024/3012) and operators’ activities should demonstrate compliance with these criteria to be eligible for
certification under the EU framework.*

In July 2025, draft carbon removal certification methodologies for DACCS, BioCCS and Biochar production activities
were released, setting compliance requirements with the quality criteria set out in Articles 4 to 7 of the CRCF
(2024/3012). This was in consultation until 22"¢ September 2025.48

34 Butnar, I; House, J; Singh, N; Lynch, J; et al. (in prep) COzRE Evaluation Framework. See also https://co2re.org/ggr-evaluation/.

35 Bistrigic, P., Brophy, A., Taricco, E., Wagle, A. and Workman, M. (2025). Unlocking Private Investment for Greenhouse Gas Removal 1 Policy
briefing Unlocking Private Investment for Greenhouse Gas Removal Public-private collaboration and a technology-specific policy approach
September 2025. [online] Available at: https://co2re.org/wp-content/uploads/2025/09/Business-models-pb.pdf [Accessed 10 Nov. 2025].

36 Whitehead, A. (2025). Independent Review of Greenhouse Gas Removals. [online] Gov.UK. Available at:
https://assets.publishing.service.gov.uk/media/68f8d27a0794bb80118bb764/independent-review-of-ggr.pdf [Accessed 27 Oct. 2025].

37 British Standards Institution (2025). BSI Flex 701 v2.0 Nature Markets — Overarching Principles. [online] BSigroup.com. Available at:
https://www.bsigroup.com/en-GB/insights-and-media/insights/brochures/bsi-flex-701-nature-markets-overarching-principles-and-framework/
[Accessed 8 Aug. 2025].

38 British Standards Institution (2025). BSI Flex 2006: v1.0:2025-07: Bioenergy with carbon capture and storage (BECCS). Quantification of
greenhouse gas emissions (GHG) and removals. Specification. [online] BSI. Available at: https://knowledge.bsigroup.com/products/bioenergy-
with-carbon-capture-and-storage-beccs-quantification-of-greenhouse-gas-emissions-ghg-and-removals-specification.

3 European Union (2024). Regulation (EU) 2024/3012 of the European Parliament and of the Council of 27 November 2024 establishing a Union
certification framework for permanent carbon removals, carbon farming and carbon storage in products. [online] Available at: https://eur-
lex.europa.eu/eli/reg/2024/3012/oj/eng [Accessed 20 Oct. 2025].

40 |bid, Chapter 2 (Article 4-8)

41 Note that Quantification of permanent CDR includes a baseline assessment ((2024/3012) Art 4(1) - and indirect GHG emissions
encompassing iLUC (CRCF Art 4(1)(c)). These are further regulated in ((2024/3012) Art 4(7)-(12).

“2 Note that, when a standardised baseline is used (as is the case under the draft methodology for DACCS and BECCS), additionality shall be
considered to be complied with ((2024/3012) Art 5(2)).

4 |iability mechanisms must be consistent with Articles 17 and 18 of Directive 2009/31/EC and Article 12(3b) of CCS Directive 2003/87/EC

4 Note that Article 6 determines that monitoring rules (Art 6(3)(a)) and liability mechanisms (Art 6(4)(a)) for permanent CDR - which are relevant
for managing permanence risk - shall be consistent with the rules from the CCS Directive (2009/31/EC).

% The minimum sustainability requirements: account for global condition; be consistent with the ‘do no significant harm’ principle; promote
sustainability of forest and agriculture biomass in accordance with 29 of Directive (EU) 2018/2001.

4 European Union (2024). Certification Methodologies: Article 8(3) & Annex |. In: Regulation (EU) 2024/3012 of the European Parliament and of
the Council. [online] European Union. Available at: https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng.

47 European Union (2024). Certification Methodologies: Article 8(2). In: Regulation (EU) 2024/3012 of the European Parliament and of the
Council: Article 8(2). [online] European Union. Available at: https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng.

The only exception is Annex | which establishes elements of certification methodologies. These elements can be amended by the EC to adapt to
new and emerging types of activities and to scientific and technical progress (CRCF Art 15). However, this does not concern the content of
Quality criteria.

48 European Union (2025). Carbon removals and carbon farming — methodologies for certifying permanent carbon removals. [online] European
Commission - Have your say. Available at: https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14573-Carbon-removals-
and-carbon-farming-methodologies-for-certifying-permanent-carbon-removals_en [Accessed 15 Sep. 2025].
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Other EU legislative frameworks that are most relevant to this review briefing are the Renewable Energy Directive
(RED 111) (2018/2001)#° and the Carbon Capture and Storage (CCS) Directive (2009/31/EC)%°. These documents
impose obligations on member states (MS) to only transpose the rules in their national legal orders. They provide a
minimum standard of environmental protection that MS must meet, while remaining free to determine greater
environmental protection. In contrast, the CRCF and certification methodologies have been constituted in the form of
regulations which apply to the entire of EU 5'.

RED III (2018/2001) generally establishes EU goals in the field of renewable energy generation. In the context of
certification methodologies for permanent CDR, RED III is important regarding biomass sourcing. The 2023 RED Il
amendment (2023/2413) establishes a “cascading principle” of biomass use prioritising higher economic and
environment values of biomass use (e.g. timber), then recycling, and finally recovery to energy®2. This is presumed to
be better in terms of resource efficiency and effects “on the biomass raw material market and [avoiding] an adverse
impact on biodiversity, the environment and the climate.” It is currently guidance only, with ongoing discussions how to
implement it. Article 29 of RED Il (2023/2413) consists of obligations that must be met for biomass-related energy to
be counted towards meeting renewable energy goals. It determines sustainability5® and GHG savings criteria
depending on the type of biomass that is used, and end use sector5*. Calculation of GHG savings includes
considerations around baselines and leakage regarding biomass sourcing.5 RED lII also establishes rules on the
prevention of Indirect land Use Change (iLUC), but it is currently limited only to biomass from food crops. Compliance
is measured by MRV protocols of voluntary certification schemes which are regulated by the EC.56

The CCS Directive (2009/31/EC) establishes rules on monitoring and liability regarding geological storage of COs.
Central provisions on rules regarding mechanisms to avoid reversals can be found in Art 16 — 20 which regulate
actions surrounding identified leakage from storage, closure and post-closure obligations. Other provisions of the
Directive can be relevant to risk management or reversals of CDR involving transport and storage, which may not
necessarily be in the EU geographical/political boundary.5”

The next phase of CRCF development will include adoption of EU certification methodologies, adoption of third-party
verification rules, and recognition of certification schemes through approval and application of CRCF rules through

4 European Union (2018). Directive - 2018/20017 - EN - EUR-Lex. [online] Europa.eu. Available at: https://eur-
lex.europa.eu/eli/dir/2018/2001/oj/eng [Accessed 10 Oct. 2025].

50European Union (2009). Directive 2009/31/EC - EN - EUR-Lex. [online] Europa.eu. Available at: Directive - 2009/31 - EN - EUR-Lex [Accessed on
10 Oct. 2025].

5T European Union (2024). Regulation (EU) 2024/3012 of the European Parliament and of the Council of 27 November 2024 establishing a Union
certification framework for permanent carbon removals, carbon farming and carbon storage in products. [online] Available at: https://eur-
lex.europa.eu/eli/reg/2024/3012/oj/eng [Accessed 20 Oct. 2025].

52 European Union (2023). Directive (EU) 2023/2413 of the European Parliament and of the Council of 18 October 2023 amending Directive (EU)
2018/2001, Regulation (EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources, and repealing
Council Directive (EU) 2015/652, [online] Article 3(3-3d). Available at: https://eur-lex.europa.eu/eli/dir/2023/2413/oj/eng [Accessed 15 Aug.
2025].

53 European Union (2023). Directive (EU) 2023/2413 of the European Parliament and of the Council of 18 October 2023 amending Directive (EU)
2018/2001, Regulation (EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources, and repealing
Council Directive (EU) 2015/652, [online] Article 29(2-7). Available at: https://www.legislation.gov.uk/eudr/2018/2001/article/29 [Accessed 15
Aug. 2025].

5 European Union (2023). Directive (EU) 2023/2413 of the European Parliament and of the Council of 18 October 2023 amending Directive (EU)
2018/2001, Regulation (EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources, and repealing
Council Directive (EU) 2015/652, [online] Article 29(10). Available at: https://www.legislation.gov.uk/eudr/2018/2001/article/29 [Accessed 15
Aug. 2025].

55 European Union (2023). Directive (EU) 2023/2413 of the European Parliament and of the Council of 18 October 2023 amending Directive (EU)
2018/2001, Regulation (EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources, and repealing
Council Directive (EU) 2015/652, [online] Article 31, Annex V & VI. Available at: https://www.legislation.gov.uk/eudr/2018/2001/article/29
[Accessed 15 Aug. 2025].

% . European Commission (n.d.). Voluntary schemes of the Renewable Energy Directive. [online] energy.ec.europa.eu. Available at:
https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/voluntary-schemes_en [Accessed 15 Aug. 2025].

57 European Union (2024). Certification Methodologies: Article 16-20. In: Regulation (EU) 2024/3012 of the European Parliament and of the
Council. [online] Article 3(3). Available at: https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng.

European Union (2024). Certification Methodologies: Article 8(2). In: Regulation (EU) 2024/3012 of the European Parliament and of the Council.
[online] Article 3(3). Available at: https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng.
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decisions®%8. The extension of certification methodologies in 2025 are expected to include Enhanced Rock Weathering
(ERW) and Ocean Alkalinity Enhancement (OAE). In the fourth quarter of 2025 the adoption of methodologies related
to DACCS, BioCCS and biochar is planned. By July 2026, the EC is expected to assess the potential inclusion of
carbon removals with permanent storage in the EU ETS. The application of this regulation, taking into consideration
opportunity costs, the evolution of the regulatory framework, possible negative effects leading to an increase in
greenhouse gas emissions, and the Union 2040 climate target as proposed in accordance with Article 4(3) of
Regulation (EU) 2021/1119, and submit a report to the European Parliament and the Council. There will be a review of
additional requirements needed to align the regulation with the Paris Agreement Article 6 and best practices. The
Commission will review the application of this Regulation by December 2027, and subsequently within six months of
the outcome of each global stocktake agreed under Article 14 of the Paris Agreement, including environmental
degradation, carbon storage in third countries, and adverse effects of implementation. By December 2028, the
Commission will have established a Union registry for the CRCF, which will make be publicly available all information
related to the certification process in an “accessible way”.

ICVCM Background

The Integrity Council for the Voluntary Carbon Market (ICVCM) was established in 2021 after the Task Force on
Scaling the Voluntary Carbon Markets (TSVCM) received massive industry support in 2020%°. It operates as a non-
profit governance body aiming to raise the global standards and integrity of the Voluntary Carbon Market (VCM). To
develop the CCPs and AF, the council determined that it would build on the existing infrastructure and experience of
CORSIA (Carbon Offsetting and Reduction Scheme for International Aviation) ¢ 8162 which requires the aviation
industry to seek out high integrity carbon credits that are correspondingly adjusted as per Article 6.23. ICVCM is a
partner on the Article 6 Implementation Partnership and several Asian and African initiatives for high integrity carbon
markets®4.

Through assessments and assurance, stakeholder engagement®?, and integrated improvement frameworks®®, the
ICVCM works across the sector to improve the quality of standards and integrity of carbon crediting bodies. Through
their ten overarching CCPs®” and project level governance AF 8, they aim to build market confidence, lower barriers
for market actors, and reduce market fragmentation.

The ICVCM Core Carbon Principles Assessment Framework Version 1 was finalised in 2023. The Assessments of
Programs and Categories of carbon credits began in 2024.

%8 European Union (2021). Regulation (EU) 2021/1119 of the European Parliament and of the Council of 30 June 2021 establishing the framework
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https://www.icao.int/sites/default/files/sp-files/environmental-protection/Documents/EnvironmentReport-2010/2025/Envreport2025_62.pdf
[Accessed 15 Aug. 2025].

54]CVCM (2025). Support for our work | ICVCM. [online] ICVCM. Available at: https://icvem.org/our-work/support-for-our-work/ [Accessed 15
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% |CVCM (n.d.). Continuous Improvement Work Programs | ICVCM. [online] ICVCM. Available at: https://icvem.org/continuous-improvement-
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There are ongoing assessments of Programs and Categories of carbon credits. In May 2025, the ICVCM published
the Continuous Improvement Work Program report: Permanence Version 1.1 where the expert group advised
exploring options for extending the 40-year monitoring and crediting period®®. In addition, their new initiative,
Indigenous Peoples and local communities Engagement Forum decided on its priorities. The ICVCM includes regular
review and update, which enables addressing new developments and critiques e,g, on environmental integrity of
methodology related to Reduced Emissions from Deforestation and Degradation (REDD+) and other CDR
technologies. Thus far, endorsements of the ICVCM have come from the governments of France”", Singapore’
and Egypt7® from the UNEP74. The UNDP has integrated the ICVCM into the High-Integrity Carbon Markets Initiative
75, In 2025, the UK government consulted on a proposal to endorse ICVCM'’s principles and framework as
representing a minimum quality requirement for global VCM credits7®.

Article 6.4 background

Article 6 is the section of the Paris Agreement which establishes market and non-market cooperation on mitigation
ambition. It has two provisions that enable carbon trading. Article 6.2 governs the generation and exchange of
mitigation outcomes (building on the framework of International Emissions Trading under the Kyoto Protocol). Article
6.4 is the Paris Agreement Crediting Mechanism (PACM) (the successor to the Clean Development Mechanism under
the Kyoto Protocol). It is a centralised crediting framework which establishes its own standard for credit issuance,
based on reviewed methodologies which meet the rules, modalities and procedures agreed by Parties to the Paris
Agreement from COP26-COP29 (2021-2024).

The PACM is overseen by the Article 6.4 Supervisory Body, which is in turn informed by expert panels established to
review methodologies and accreditation. The PACM will oversee the issuance of two types of units, Article 6.4 ERs
(A6.4 ER) which are eligible to become a correspondingly adjusted mitigation outcome under the Article 6.2 framework
as well as the Mitigation Contribution Units (MCUs) which contribute to the host country’s NDC. The PACM will initially
be composed of units that have transitioned from the CDM (issuing credits post 2021) as well as new projects. Given
the international and standardised nature of the PACM there is hope that it becomes a common baseline.

As of October 2025, under Article 6 there were 1079 projects registered for prior consideration, out of which 70 were
CDR projects””. As the PACM moves towards operationalisation, discussions included_standards?8 for the
development and approval of new PACM methodologies, the interim PACM registry”®, the authorisation process for
mitigation outcomes, and the transition of Clean Development Mechanism (CDM) activities to PACM, which also
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includes some afforestation & reforestation activities. There is ongoing development of and consultation on various
standards® e.g. “Draft Standard: Setting the baseline in mechanism methodologies”, “Draft Standard: Demonstration
of additionality in mechanism methodologies” and “Draft Standard: Addressing leakage in mechanism methodologies”.
Parties agreed at COP29 (2024) that such frameworks are intended to continue to evolve in line with the best

available science whilst also ensuring they are predictable.

8 UNFCCC (2025). Information note: Status of Article 6.4 mechanism resource allocation plan 2024-2025 implementation v1.0. [online]
Available at: https://unfccc.int/sites/default/files/resource/A6.4-INFO-GOV-025.pdf [Accessed 10 Sep. 2025].
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The CRCF (and related regulations) were analysed against the ICVCM Core Carbon Principles (CCPs) and Article
6.4, looking at four key assessment criteria: (1) Additionality, (2) Baselines, (3) Leakage, (4) Permanence and
Reversal Risks. The relevant equivalent text was identified where possible. For this report, particular focus was given
to the methods and implications for BioCCS and DACCS, but some consideration was also given to the context of
broader CDR technologies, scaling-up and broader integrity principles (e.g. sustainability).

1. Text from the ICVCM'’'s CCPs, Article 6.4 and EU-CRCF and related regulations was reviewed and
summarised under each of the four principles (full documents listed in table 3 on page 18).

2. The text of the relevant EU regulations was compared line by line against ICVCM and Article 6.4 to assess
alignment - including any gaps or misalignments, minimum standards, best practices, and if and how applying
EU-CRCF might lead to different outcomes compared to applying the ICVCM’s CCPs and Atrticle 6.4.

3. The detailed textual comparison was collated into a synthesis table. These were categorised/grouped into
broad subcategories under the four principles analysed. Expert opinion, including group discussion and
external review, was used to rate the alignment of the EU-CRCF. Other assessments of CRCF draft
specifications were also considered®’. A RAG (Red Amber Green) rating was used:

e Green = good alignment of approaches and methods likely leading to similar outcomes

. some alignment but not complete, some gaps that may lead to differences in outcomes

o Red = limited alignment or major gaps in methodologies and approaches that are likely to lead to clear
differences in outcomes and risks to integrity

While this approach is subjective, it highlights key areas of divergence that can be considered in future updating of
approaches, methods and policy making.

8 Schneider, L., J6rB, W., Siemons, A. and Béttcher, H. (2025). Second assessment of the draft technical specifications for certification under the
EU CRCF - Permanent carbon removals through DACCS/BioCCS. [online] oeko.de. oeko.de. Available at:
https://www.oeko.de/publikation/second-assessment-of-the-draft-technical-specifications-for-certification-under-the-eu-crcf-1/ [Accessed 15
Aug. 2025].
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Documents Reviewed for Comparative Analysis

Draft delegated regulation — Ares (2025)5828622
Supplementing regulation EU 2-24/3012 of the European
Parliament and of the Council by establishing the certification
methodologies for permanent carbon removals and activities

Annex - Ares(2025)5828622

Supplementing regulation EU 2-24/3012 of the European
Parliament and of the Council by establishing the certification
methodologies for permanent carbon removals and activities
Document 32024R3012: Regulation (EU) 2024/3012 ofthe
European Parliament and of the Council of 27 November 2024
establizshing a Union certification framework for permanent
carbon removals, carbon farming and carbon storage in products
-PESO2/2024/REVA

Document32023L2413: Directive (EU) 2023/2413 of the
European Parliament and of the Council of 18 October 2023
amending Directive (EU) 201 8/2001, Regulation (EL) 2018/1999
and Directive 38/70/EC as regards the promotion of energy from
renewable sources, and repealing Council Directive

[EU) 201 5/652 - PE/36/2023/REVS2

Document 32021R1119: Regulation (EU) 2021/1119 of the
European Parliament and of the Council of 30 June 2021
establizshing the framework for achieving climate neutrality and
amending Regulations (EC) Mo 401/2009 and (EU) 2018/1999
[‘European Climate Law”) - PE/27/2021/REVA

Document32018R2066: Commission Implementing Regulation
(EU) 2018/2066 of 19 December 2018 on the monitoring and
reporting of greenhouse gas emissions pursuant to Directive
2003/87 /EC of the European Parliament and of the Council and
amending Commission Regulation (EU) No 601/2012 (Text with
EEA relevance) - C/2018/8588

Document32018L2001: Directive (EU) 201 8/2001 of the
European Parliament and of the Council of 11 December 2018 on
the promotion of the use of energy from renewable sources
(recast) (Text with EEA relevance.) - PE/48/2018/REVM

Document32009L0031: Directive 2009/31/EC of the European
Parliament and of the Council of 23 April 2009 on the geological
storage of carbon dioxide and amending Council Directive
B89/337/EEC of the European Parliament and Council Directives
2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC, 2008/1/EC
and Regulation (EC) 1013/ 2006 (Text with EEA relevance)
Consolidated text: Directive 2008/98/EC of the European
Parliament and the Council of 18 November 2008 on waste and
repealing certain Directives (Text with EEA relevance)

Document32003L0087: Directive 2003/87/EC of the European
Parliament and of the Council of 13 October 2003 establishing a
scheme for greenhouse gas emission allowa nce trading within
the community and amending Council Directive 896/61/EC (Text
with EEA relevance)

Table 3. List of all relevant documents reviewed for the comparative analysis of the EU CRCF, ICVCM and A6.4 of the Paris

Agreement.

Fact Sheet: Integrity
Council for the
Voluntary Carbon
Market

Core Carbon
Principles /
Azzessment
Framework
Continuous
Improvement Worlk
Program report:
Permanence

ICAD document—
CORSIAEmizsions
Unit Eligibility
Criteria

AB.4-INFO-GOV-025
Status of Article 6.4
mechanism resource
allocation plan 2024-2025
implementation (1 Jan-30Jun
2025) Version 01.0
AG.4-MEPD0B-AD3

Draft Standard: Addressing
non-permanence and
reversals - Version 02.2
AB.4-MEPOOT-ADL

Draft Standard: Addressing
non-permanence / reversal
Version 01.0

A 4-SBODT-AA-A1E

Concept note: Detailed
regulatory elements for the
transition of CDM activities to
the Article 6.4 mechanizm -
Version 01.0
AB.4-SBO0G-AA-ADD
Information note: Compilation
of the publicinputs on
removal activities under the
Article 6.4 mechanizm
Version 01.0
AB.4-STAN-AC-002

Standard: Article 6.4 activity

standard for projects - Version
03.0

AB.4-5STAN-METH-005
Standard: Addressing leakage
in mechanizsm methodologies
Version 01.0
AB.4-PROC-REGS-001
Procedure: Article 6.4
mechanism registry

Version 02.1

TOOL16

Methodological tool: Project
and leakage emissions from
biomass - Version 05.0
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4. Results

Sub-Category ICVCM Article 6.4 CRCF Approach and Alighment
Approach Approach
PRE-ACTIVITY
Regulatory additionality (activities Mandatory Mandatory Not considered- with some justification*

exceed host country existing

statutory obligations or legal

requirements)

Prior consideration (the carbon Mandatory Mandatory Not considered- with some justification*
credits are a pre-planned part of the

activity, e.g. including stakeholder

consultations)

Methodology pathway/ approach: Several Several
(A) Investment + Common Practice, options options Only (C) standardised methodology available
(B) Barrier Analysis + Common available available with some justification**
Practice (C) Standardised (ICVCM) or | similarto similar to
Performance (Article 6.4) Article 6.4 ICVCM
METHODOLOGY DURING ACTIVITY: For (C) standardised method/approach only:
- High stringency compared to Mandatory Mandatory Low level of stringency with some justification
other Methodology

pathway/approach A and B

- Detailed Justification Mandatory Mandatory _

- Review Mechanism Mandatory, but | Mandatory, but | Reviewed at least every 5 years along with
no specified no specified standardised baseline
timeline timeline

- Independently Verified Mandatory Mandatory Mandatory

Not considered: only zero baseline, with some

Consideration of different scenarios | Mandatory Mandatory justification

Conservative approach to Not considered: only zero baseline, with some

quantification Mandatory Mandatory justification

Downward adjustment over time to Not

raise ambition Considered Mandatory Not considered: assumes zero baseline

Account for perverse incentives to

increase credits Mandatory Mandatory Not considered: assumes zero baseline
Mandatory, but | Mandatory, but
no specified no specified

Updated To Reflect Circumstances timeline timeline Reviewed at least every 5 years

- Independently Verified Not considered: only zero baseline, with some
Mandatory Mandatory justification*

 Leakage .|

Leakage source coverage (e.g.

energy, land use, market activities) Mandatory Mandatory Some aspects considered
Conservative approach to
quantification Mandatory Mandatory Not inclusive of all sources

Considered through biomass use "cascading
principle" and avoidance of market distortion

Leakage prevention/minimisation Mandatory Mandatory (e.g. energy)

Estimation and deduction of residual _
leakage emissions Mandatory Mandatory

Robustness & Uncertainty Mandatory Mandatory _

See Table 1 description on the next page.

Alignment of International Standards for Carbon Dioxide Removal Using Carbon Capture and Storage

23



Research Report

Table 1. Alignment of Assessment Criteria for BioCCS and DACCS: Additionality, Baseline, Leakage in the EU-CRCF
Regulation (Carbon Farming and Carbon Removal) and other related EU regulation and guidance, with the ICVCM Core
Carbon Principles & Assessment Framework and Article 6.4 of the Paris Agreement. RAG rating: Green = good alignment of
approaches and methods likely leading to similar outcomes; Amber = some alignment but not complete, some gaps that may
lead to differences in outcomes; Red = limited alignment or major gaps in methodologies and approaches that are likely to
lead to clear differences in outcomes and risks to integrity. *RAG rating shown is only in relation to BioCCS and DACCS, for
broader CDR activities RAG rating likely to be lower. **not rated as the methodological pathway/approach is an optional
choice in ICVCM and article 6.4, and the CRCF has gone with this specific choice C, with the detailed sub-criteria for that
choice C assessed below.

Table 1 and 2 present a summary of the comparative analysis of the EU-CRCF (and related regulations) with ICVCM
and Article 6.4 for three closely related assessment criteria: Additionality, Baseline and Leakage; and Permanence,
respectively. Unsurprisingly, while there are some sub-categories of good alignment, and some of limited alignment,
the majority of areas showed incomplete alignment, with gaps and potential differences in outcome, as might be
expected given the rapid but early stages of development and different purposes of the three approaches. Notably,
there are gaps in alignment for approach to risk management. While this analysis focused on BioCCS and DACCS,
the rating may have been different in some sub-categories if a wider range of CDR technologies were considered.
More detailed explanation and justification for the RAG ratings are given in the text below.

4.1 Additionality

Additionality is a principle in carbon markets that addresses whether an emission reduction or carbon removal would

have happened without the anthropogenic project/activity for which a credit is being sought®. This principle exists to

ensure that carbon credits represent genuine climate benefits that would not have occurred under business-as-usual

circumstances. Without stringent additionality checks, carbon markets risk issuing credits for activities that provide no
additional climate benefit, potentially undermining the environmental integrity of the system. Determining additionality
is usually carried out through various methods such as regulatory requirements, financial tests, barriers analysis and

common practice test. Testing criteria differs from standard to standard but usually employs some combination of the

above.

The ICVCM approach to additionality

The ICVCM CCP approach requires projects to meet mandatory requirements before selecting from multiple
demonstration pathways. Every project must first complete a legal requirements assessment, demonstrating that
activities exceed host country statutory obligations, with different enforcement assumptions for high-income countries
(all laws presumed enforced) versus others (requiring authoritative evidence of non-enforcement). Furthermore, all
projects must provide documented evidence of prior consideration of carbon credits, either through demonstrating
stakeholder consultations or by maintaining reasonable time limits between project start dates and registration
submissions i.e. to avoid an activity being started for other reasons than carbon credits, which are added as an
afterthought

Following these mandatory requirements, projects select one of three core additionality pathways based on their
circumstances. Pathway A: The investment analysis pathway requires demonstration of financial non-viability without
carbon credits using indicators such as net present value or internal rate of return, costs and revenues, and must be
combined with market penetration assessment showing the technology is not common practice. Pathway B: the
barrier analysis pathway involves identifying specific barriers (financial, institutional, informational, or activity-specific)
that prevent implementation, demonstrating that carbon credits are decisive in overcoming these obstacles, and
showing that alternative scenarios do not face similar barriers, also requiring market penetration assessment. Pathway

8 Gillenwater, M. (2012). What is Additionality? Part 1: A long standing problem V3. [online] ghg Management Institute. Available at:
https://ghginstitute.org/wp-content/uploads/2015/04/AdditionalityPaper_Part-1ver3FINAL.pdf [Accessed 15 Aug. 2025].
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C: Standardised approaches are pre-approved methodologies that is defined at an appropriate aggregation level, has
detailed justification for the chosen threshold, reviewed regularly and is independently verified.

The Article 6.4 approach to additionality

Under Article 6.4, an assessment must always be conducted to determine whether proposed activities are already
mandated by existing regulatory requirements. Unlike ICVCM CCPs, it does not differentiate between high- and low-
income countries thereby assuming all laws are enforced. Participants must demonstrate that the potential benefits of
the mechanism were considered before the activity was implemented. To fulfil this, participants are required to submit
a prior consideration notice to the PACM Secretariat within 180 days of the decision to implement the activity.
Furthermore, Article 6.4 includes a lock-in assessment which ensures that the activity does not lead to the adoption or
the prolongation of the lifetime of technologies or practices that are incompatible with long term goals of the Paris
Agreement or the countries long term low-emission development strategy.

Similar to the ICVCM, Article 6.4 requires methodologies to select between three additionality pathways: investment
analysis with common practice analysis, barrier analysis with common practice analysis or a performance-based
approach. These approaches can be applied by either the proponent of the methodology, the activity participant, the
host country or a combination between the three.

While ICVCM chooses a standardised approach for the third pathway, Article 6.4 establishes a performance-based
approach where certification schemes establish criteria that, if met, demonstrate additionality without requiring case-
by-case analysis. Performance-based approaches are a specific and more rigorous subset of standardised
approaches that use quantifiable performance indicators and data-driven thresholds to determine additionality. This
could be by setting out specific quantitative benchmarks that projects must exceed, such as emissions intensity
thresholds or efficiency standards, with statistical requirements ensuring high probability of genuine additionality.

Like the ICVCM standardised approach, the Article 6.4 performance-based approach requires: detailed justification
and evidence behind the chosen indicators and thresholds, that the activity is at a suitably standardised technology
level and that the validity approach is timebound and includes an update mechanism.

The CRCF approach to additionality

The CRCF employs a standardised approach to additionality for DACCS and BioCCS activities, where any carbon
removal project is automatically deemed additional if it goes above the zero-baseline counterfactual.

Regulatory Analysis and Prior Consideration

The draft methodology does not check if there are any enforced legal requirements for these technologies or if
operators have considered carbon credits prior to the start of the activity. This can potentially risk enabling projects
that are ongoing or in the pipeline to be certified for carbon credits, potentially negatively impacting the certification
integrity.

Rating: Amber
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Stringency Level and Appropriate Level of Technologies

The EU CRCF aggregates DACCS and BioCCS into its standardised approach which, while appropriate as they are
both carbon capture and storage technologies, could cause discrepancies due to the complications in assessing land-
use counterfactual scenarios for BioCCS. The stringency level is not as well defined compared to the other pathways
under the ICVCM. This could cause non-negligible additionality risks and is explained further in the section below.

Rating: Amber

Detailed Justification of Approach

The EU's draft regulation acknowledges that "there is currently no commercially viable market for achieving negative
emissions through DACCS or BioCCS unless it is enabled through the voluntary trading of carbon removal credits."
This regulatory finding provides the foundational justification for CRCF's zero baseline approach although detailed
information as to how this was determined is not included as part of the methodology and not publicly available.

Cursory research reveals that while there are minimal policy mandates and investment into BioCCS and DACCS
projects across the EU, The EU's broader regulatory framework is already introducing support mechanisms that could
alter this commercial landscape. RED Il provides BECCS with preferential treatment through exemptions from 2026
subsidy phase-outs for electricity-only plants while maintaining support for renewable energy deployment. In addition,
direct government support has emerged in Sweden8? and Denmark8* for BioCCS and DACCS projects signalling a
growing policy interest in these technologies.

The revised methodology explicitly allows that other sources of finance may be combined with EU CRCF units risking
non-additionality if a large part of the funding came through public sources. While the methodology requires operators
to indicate any form of finance received or applied for there is no further information as to how much of this will be
attributed to the carbon credits directly.

While the CRCF aims to reduce administrative costs and development time, given that previous research shows that
additionality risks could be low?®, most voluntary market standards carry out distinct additionality and baseline checks
as baselines address carbon accounting criteria (emission factors, sequestration rates) while financial and regulatory
factors determine additionality. This separation would also allow specific indicators to be applied to determine
additionality.

8 Enerdata (2025). Sweden awards €1.7bn on its first BECCS support auction. [online] Enerdata. Available at:
https://www.enerdata.net/publications/daily-energy-news/sweden-awards-eu17bn-its-first-beccs-support-auction.html[Accessed 15 Aug.
2025].

84 Energistyrelsen (2024). Three new CCS projects have been pledged support to capture and store biogenic CO2. [online] The Danish Energy
Agency. Available at: https://ens.dk/en/press/three-new-ccs-projects-have-been-pledged-support-capture-and-store-biogenic-co2 [Accessed
15 Aug. 2025].

8 Meyer-Ohlendorf, N., Siemons, A., Schneider, D.L. and Bottcher, H. (2023). Certification of Carbon Dioxide Removals. [online] ecologic.
German Environment Agency. Available at: https://www.ecologic.eu/19162 [Accessed 15 Aug. 2025].
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Review Mechanism

The standardised baseline is expected to be reviewed and updated at least every five years to reflect changing
circumstances according to the regulation. The CRCF Regulation already mandates explicit financial and regulatory
additionality tests for activities using an activity-specific baseline. If future reviews determine that the current zero-
standardised baseline is no longer appropriate due to market maturity, technological advancements, or increased
financial/regulatory support, the methodologies could be revised to either set a higher standardised baseline (making
implicit additionality harder to achieve) or require a move to an activity-specific baseline, which would then trigger the
explicit financial and regulatory additionality checks.

Rating: Green

Independently Verified
The CRCF regulation requires the baseline and additionality check to reviewed by an independent verification and
validation body.

Rating: Green

4.2 Baseline

In terms of carbon markets, a baseline is the hypothetical description of what would have most likely occurred in the
absence of any considerations about climate change mitigation beyond current best practice and legislation®® .
Baselines are usually comprised of assessing the baseline scenario, which describes what would most likely happen
without the intervention, often determined by the "business as usual" scenario and baseline emissions, which
quantifies the outcome described in the baseline scenario, typically measured as tonnes of carbon dioxide equivalent.
The practical application of baselines involves measuring the effectiveness of climate actions by calculating the
difference between baseline emissions and actual intervention emissions over time and determines the genuine
impact of climate interventions and ensures proper crediting of emission reductions or removal enhancements.

The ICVCM approach to baselines

The ICVCM's CCP establish four key requirements for conservative and robust quantification in carbon removal
projects. First, baseline scenario selection must be conducted conservatively by evaluating multiple scenarios
including best available technology or statistically relevant historical data, accounting for uncertainties between
candidate scenarios, incorporating existing government policies and legal requirements (with enforcement
assumptions varying by income level), and addressing potential rebound effects from implementation activities.
Second, the overall conservativeness in quantifying baseline emissions or removals must be proportionate to the level
of uncertainty inherent in assumptions, models, parameters, data sources, and measurement methods employed.

Third, methodologies must account for potential perverse incentives that could lead project proponents to artificially
inflate baseline emissions or suppress baseline removals. Finally, baseline scenarios and their associated
quantifications require regular updates or reviews at frequencies that appropriately reflect evolving circumstances,
particularly changes in government policies and legal frameworks. These requirements collectively ensure that carbon
removal projects maintain scientific rigor and conservative estimates throughout their operational lifecycle.

8 Gillenwater, M. (2022). What is a baseline? [online] Greenhouse Gas Management Institute. Available at:
https://ghginstitute.org/2022/03/14/what-is-a-baseline/ [Accessed 15 Aug. 2025].
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The Article 6.4 Approach to baselines

The first step in establishing a crediting baseline for Article 6.4 mechanism methodologies requires selecting one of
three baseline approaches from paragraph 36 of the Rules, Modalities and Procedures: Best Available Technology
(BAT), which identifies the lowest-emitting economically feasible and environmentally sound technology available in
the baseline geographical area; ambitious benchmark, which uses the average performance of top performers among
comparable activities; or existing actual or historical emissions, which is based on site-specific historical data and
used when limited sector data is available or circumstances are highly heterogeneous. The baseline scenario for the
chosen approach is then determined, and the unadjusted baseline emissions and/or removals are quantified

The Article 6.4 baseline standard requires that crediting baselines decrease over time to promote increasing ambition
in mitigation activities. Methodologies must therefore include quantitative factors or procedures to implement
downward adjustments, appropriate to the specific sector, activity type, and scale. These adjustments should occur
either annually or in stepwise intervals, at least once every three years. The standard further establishes a minimum
annual downward adjustment of 1 percent of baseline emissions in the calendar year corresponding to the start of the
first crediting period. Exemptions from downward adjustments may be granted by the Supervisory Body under specific
circumstances, although the conditions for such exemptions remain unclear. The baseline standard notes that
economic viability could be one consideration for instance, where applying a downward adjustment would result in no
calculated emission reductions or removals.

As a general rule, the Article 6.4 baseline standard stipulates that all baselines must be set below a conservatively
determined business-as-usual (BAU) emissions level. Methodologies must therefore include provisions for project
developers to demonstrate that the selected baseline lies below BAU. The standard limits acceptable approaches for
determining the BAU scenario are: continuation of historical trends (with downward adjustments, as described above);
implementation of an economically viable technology and/or practice; or a combination of the two with both
incorporating applicable policies and legal requirements (deemed as being enforced). The downward adjusted
baseline should then be compared against the BAU and if the BAU is lower, the baseline should be adjusted
downward further until lower than the BAU to which the lower of the two quantities is then chosen. Under Article 6.4,
methodologies must apply a conservative approach to ensure that estimated emission reductions or net removals are
highly unlikely to be overstated.

Finally, the Article 6.4 baseline standard requires methodology proponents to specify the validity period of proposed
methodologies and to periodically revise them to reflect updated analyses. The validity period may not exceed five
years.

The CRCF approach to baselines

The EU CRCF's baseline approach for DACCS and BioCCS methodologies employs a zero-baseline framework,
establishing that no net carbon removal or emissions would occur in the counterfactual scenario without the activity.

Consideration of Different Scenarios, Conservative Quantification, Downward adjustment and

Perverse Incentives for Baseline Deflation

The CCP framework mandates that methodologies "consider different scenarios, including the best available
technology (BAT) or practice in the country/region of the mitigation activity or statistically relevant historical
information." The EU CRCF does not state in the regulation how the zero-baseline threshold was chosen and what
uncertainties were assumed to ensure that this was the most conservative option. While this might appear in notes
from expert meetings, these are not easily accessible, so for transparency a statement of this in any updated
regulation would be helpful. While the risk of removals occurring in the counterfactual scenario is low for DACCS
projects, biomass feedstock used for BioCCS is more complicated given the broad uses of woody biomass as well as
forest carbon dynamics and natural disasters such as fires.

A zero-baseline assumes that no net carbon removal or emissions would occur in the counterfactual scenario without

the activity. For example, in BioCCS projects, this assumes the biomass would not go on to store carbon any further
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although this could occur if the trees used for the bioenergy feedstock were not harvested for any other purpose. This
could lead to overestimating how much climate benefit BECCS projects provides if the tree or dead wood stays in the
forest for a significant period of time or an underestimate if the biomass decays quickly or is incinerated.

The methodology also does not incorporate downward adjustments to account for increasing ambition overtime
although permanent removals such as DACCS and BioCCS could be exempted as they are currently at an early stage
of innovation and diffusion with high operating costs. As the CRCF implements a zero-baseline approach, it is unclear
how a downward adjustment would be implemented.

Cascade Principle

The CRCEF tries to address this issue by following existing EU biomass rules, particularly the Renewable Energy
Directive (RED Ill) and its cascading use principle. This principle state that biomass should be used for the most
valuable purposes first: wood products, then extending product life, reuse, recycling, bioenergy, and finally disposal.
This cascade is similar to the Waste Hierarchy established in the EU Waste Framework Directive 8 that ranks waste
management options according to their environmental impact such as prevention, preparing for re-use, recycling,
other recovery and then disposable. The difference here is that the Cascade Principle is solely applied towards
biomass while the Waste Hierarchy is for all types of waste. The idea is that BioCCS should only use biomass that
isn't needed for higher value uses thereby minimising the risk of competition and iLUC (see leakage below). To date,
the EU have not provided specific guidance on how to implement the cascading use principle, and very few member
states have been successful in implementing it 8. While an improvement on previous renewable energy requirements,
as well as requiring independent verification, this approach relies on individual EU countries to enforce these rules and
monitor usage. The directive also allows Member States to derogate from cascading use in circumstances such as
when biomass energy is needed for energy security supply, where the biomass cannot be economically or technically
used by local industries, for necessary forest management activities and following natural disturbances.

To ensure transparency regarding the sourcing of feedstocks, the methodology requires reporting on the biomass
feedstocks consumed by their activities. While this doesn’t explicitly stop the sourcing of unsustainable this information
allows the standard to understand “how permanent carbon removal activities could affect ecosystems, the availability
of feedstocks for other sectors, and the risk that feedstocks are sourced beyond local availability.” Further
preventative measures include ensuring that operators do not receive direct financial support from Member States to
process saw logs, veneer logs, industrial grade roundwood, stumps or roots.

Forest Carbon Sinks and Sustainability

The RED Il criteria requires that countries where biomass is sourced from are Party to the Paris Agreement and have
submitted a Nationally Determined Contribution to the UNFCCC covering land-use; that they have land-use, land-use
change and forestry (LULUCF) rules in place; and that their land sinks are net removers of carbon. The aim of these
requirements is to ensure that land carbon sinks are protected by legislation and do not become a net emitter of
carbon given that harvest contribute to depletion of forest carbon stores®. The latest RED Il amendments have
strengthened these requirements by ensuring domestic forest biomass shall be consistent with EU Member States
2030 LULUCEF targets although this still leaves biomass imports at risk. This high-level requirement also does not
consider that UNFCCC accounting only specifies reporting on ‘managed land’ which is defined by the country itself.
This “managed” forest area may include protected or minimally managed primary and secondary forests that have net
carbon removal through non-anthropogenic natural processes (such as in response to climate change and carbon

87 European Union (2008). Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste and repealing
certain Directives. [online] Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02008L0098-20180705 [Accessed 10
Oct. 2025].

8 Qlsson, O., Roos, A., Guisson, R. et al. (2018). Time to tear down the pyramids? A critique of cascading hierarchies as a policy tool. Wiley
Interdisciplinary Reviews: Energy and Environment, 7(2), p.e279. doi:https://doi.org/10.1002/wene.279.

8 Ceccherini, G., Duveiller, G., Grassi, G. et al. (2020). Abrupt increase in harvested forest area over Europe after 2015. Nature, 583(7814),
pp.72-77. doi:https://doi.org/10.1038/s41586-020-2438-y.
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dioxide fertilisation effects), a problem already identified in national LULUCF inventories 0. This risks part of the
carbon storage being non-additional®.

A subclause states that where evidence referred to in LULUCF national targets is not available (section above), then
management systems in place at forest sourcing area level that ensure carbon stocks and sinks levels in the forest
are maintained or strengthened over the long term can be taken into account. This clause is more specific regarding
the carbon stock being maintained in the relevant forest area although this is only dependant on the first paragraph
not being met.

Forestry Residues

The EU Renewable Energy Directive defines a ‘residue’ as “a substance that is not the end product(s) that a
production process directly seeks to produce; it is not a primary aim of the production process and the process has not
been deliberately modified to produce it”. Within that overarching definition, it distinguishes between forestry residues
and wood industry residues. Forestry residues are defined as “residues that are directly generated by...forestry, and
that do not include residues from related industries or processing”.

The EU definition, set out in the Renewable Energy Directive, leaves open the potential for trees in forests or
plantation to be defined as “residue”. This would be on the basis that the ‘primary aim’ of logging a forest or tree
plantation was to procure ‘high value’ wood for sawmills and that trees which are low-grade quality (defected,
unsuitable species or smaller diameter trees) are suitable for bioenergy %2.

While process residues arising from production processes using wood would be suited for use as BioCCS biomass
feedstock given no other higher value uses, the carbon implications of utilising low-quality whole trees not fit for sawn
wood production depend on the counterfactual scenario assumed. These counterfactuals are highly context-
dependent and involve multiple uncertainties including the fate of trees if not removed (eventual death and
decomposition vs. continued storage), impacts on regeneration success (retained material can inhibit new growth), fire
and disease risk management, and long-term forest productivity dynamics. Different assumptions about these factors
have led to radically different conclusions in life-cycle assessments of forest biomass carbon impacts®.

There has been controversy relating to biomass sourcing for bioenergy that continues to undermine public confidence.
For example, pellet manufacturers have been purported to source whole trees for pellet production to be used in the
UK. In Canada, pellet manufacturers have been reporting significant percentages of its wood from primary feedstocks,
indicating this source as directly from forests and not as a process byproduct®*. In particular, these harvests were
purportedly shown to have come from primary old growth forest in British Columbia® (how this procedure is deemed
sustainable at the local level is explained in the following section). Whilst this harvesting was a legal under Canadian
sustainability regulations, this does not make it an acceptable practice. On the other hand, the pellet suppliers and
buyers point to the stringent sustainability criteria they adhere to, with pellets sometimes sourced from diseased or
fire-damaged trees or forests harvested for timber.

Forest Protection

% Grassi, G., House, J., Kurz, W.A., et al. (2018). Reconciling global-model estimates and country reporting of anthropogenic forest CO2

sinks. Nature Climate Change, [online] 8(10), pp.914-920. doi: https://doi.org/10.1038/s41558-018-0283-x.

91 Allen, M.R., Frame, D.J., Friedlingstein, et al. (2024). Geological Net Zero and the need for disaggregated accounting for carbon sinks. Nature.
[online] doi: https://doi.org/10.1038/s41586-024-08326-8.

9 Grunwald, M. (2021). The ‘Green Energy’ That Might Be Ruining the Planet. [online] POLITICO. Available at:
https://www.politico.com/news/magazine/2021/03/26/biomass-carbon-climate-politics-477620 [Accessed 10 Oct. 2025].

93 Hogan, Geoff (2025). Expert clarification needed: Forest management practices in natural forests vs. plantations. Personal email to: Thoppil,
M, 12th November

% The Lifescape Project, The Partnership for Policy Integration (2021). Written evidence submitted on behalf of The The Lifescape Project and The
Partnership for Policy Integration. [online] Available at: https://committees.parliament.uk/writtenevidence/40469/pdf/ [Accessed 10 Oct. 2025].
% Crowley, J. and Robinson, T. (2022). Drax: UK power station owner cuts down primary forests in Canada. BBC News. [online] 2 Oct. Available
at: https://www.bbc.co.uk/news/science-environment-63089348.

% DRAX (2022). Drax response to BBC Panorama programme on Canadian Forestry. [online] Drax Global. Available at:
https://www.drax.com/press_release/drax-response-to-bbc-panorama-programme-on-canadian-forestry/ [Accessed 10 Oct. 2025].
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RED Il has extended the scope of the legality criteria to include “no-go zones” for sourcing forest biomass that protect
high-value areas in terms of biodiversity and carbon stocks. This includes primary forest, old growth forest as defined
by the country where the forest is located, highly biodiverse grassland, forest, heathland and lands with high carbon
stock including wetlands and peatlands. Further criteria include introducing maximum thresholds for large clear cuts
as defined in the country where the forest is located, locally appropriate retention thresholds for deadwood extract and
harvesting carried out in compliance with using logging systems that minimise adverse impacts to soil quality. This is a
further improvement which reduces the risk of sourcing biomass from primary and old growth forests, although the
detailed criteria are still left to local definitions and thresholds. In the case mentioned above regarding sourcing of
biomass from Canadian primary forest, the local definition of forests allows sourcing of biomass even if the broader
ecological understanding of the forest is classed as a primary forest (not disturbed by human intervention). The rules
at the local level have allowed certification schemes using risk-based approaches to allow a simple compliance as
sufficient proof of sustainability °7.

Rebound Prevention

BioCCS methodologies incorporate specific nameplate capacity restrictions that prevent existing facilities from
increasing biomass consumption beyond what is necessary for capture operations as well as ensuring new facilities
are economically viable without carbon capture technology. This provision directly addresses the economic incentive
of running facilities primarily to capture carbon potentially undermining net environmental benefits. While this prevents
excess use of biomass for bioenergy purposes, there is still a missing understanding of the counterfactual use of the
biomass used to power the capture technology as highlighted above.

Rating: Amber

Updated to Reflect Circumstances
As state in the additionality section, the CRCF mandates that methodologies update their baseline at least every five
years to reflect changing circumstances.

Rating: Green

4.3 Leakage

Leakage refers to GHG-related effects of GHG-emission reduction or CO2-sequestration project activities that occur
outside the project boundaries and that are measurable and attributable to the activity. This phenomenon manifests
through two primary mechanisms: market effects, where project activities reduce the supply of a particular good,
subsequently driving production elsewhere to satisfy unchanged demand; and activity-shifting leakage, where
economic agents operating within the project boundary relocate their production activities to areas outside the project
scope. In certain cases, leakage is also described for upstream and downstream emissions where the project
boundary is narrowly defined.

It is important to distinguish that when CRCF methodology references "leakage," this terminology specifically denotes
fugitive emissions rather than the leakage concept discussed in this analysis.

Conceptual Approach between Baseline and Leakage Accounting
While baseline and leakage are treated as distinct categories in most carbon crediting standards, different accounting
frameworks handle displacement effects through varying structural approaches. The GHG Protocol for Project

%7 Richard, R. (2025). Sustainable Biomass Program: Certifying the Unsustainable. [online] Forourclimate.org. Solutions for Our Climate.
Available at: https://forourclimate.org/research/596 [Accessed 10 Oct. 2025].
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Accounting adopts an integrated "secondary effects" approach where all unintended emission changes are
incorporated within baseline and project scenario definitions, eliminating separate leakage accounting. This creates a
unified assessment boundary encompassing primary effects and significant secondary effects, including
upstream/downstream impacts and market-mediated responses. In contrast, most crediting bodies such as Verra,
Gold Standard and Article 6.4 maintain separated accounting structures where leakage is explicitly quantified as a
distinct deduction from removals.

The integrated approach offers conceptual clarity by avoiding arbitrary distinctions between what occurs inside versus
outside project boundaries and reduces terminological ambiguity since leakage has multiple contextual meanings
across different frameworks. However, this approach faces limited adoption in carbon markets, as voluntary and
compliance programs predominantly use separate leakage accounting for explicit credit calculations. The integrated
framework may also reduce transparency by obscuring the impacts of displacement effects within baseline definitions.
Conversely, the separated approach provides explicit accountability through visible leakage deductions, aligns with
established market conventions facilitating comparability and harmonisation although suffers from ambiguity if leakage
is not consistently defined across carbon standards. Fundamentally, both accounting approaches of integrated and
separated pursue the same objective of a comprehensive quantification of all emission changes resulting from project
interventions. The structural choice of whether to label displacement effects as "secondary effects within baseline
scenarios" or "leakage as a distinct category" represents a presentational difference rather than a methodological one,
as both frameworks employ consequential analysis comparing counterfactual scenarios. The main challenge is
primarily in the difficulties of accurately capturing market impacts, iLUC and complex supply chain responses that
extend beyond observable project boundaries. Consequently, the choice between integrated and separated
presentation may be less critical for environmental integrity than the design decisions about mitigation strategies
employed to address displacement effects, monitoring requirements and compatibility across carbon standards.

The ICVCM approach to leakage

The ICVCM CCP requires projects to ensure that all relevant potential sources of leakage are systematically identified
and assessed. Where sources are deemed material (substantive), they must be incorporated into the quantification of
emission reductions or removals, except in cases where their omission can be shown to be conservative. The
framework specifies four categories of potential leakage: upstream and downstream emissions, activity-shifting,
market leakage, and ecological leakage. Under the ICVCM, upstream/downstream emissions are treated as leakage
while in other standards they are treated as indirect-project emissions or supply chain/LCA emissions. In addition to
identification and inclusion, methodologies must incorporate design features to minimise leakage risks and any
residual leakage that occurs must be estimated using standardised approaches and deducted from the total carbon
removed. Finally, the CCPs require that all leakage estimates be undertaken conservatively and with appropriate rigor.
This entails accounting for uncertainties in assumptions, parameters, models, and data sources, thereby ensuring that
leakage is not underestimated. In addition to identification and inclusion, methodologies must incorporate design
features to minimise leakage risks and any residual leakage that occurs must be estimated using standardised
approaches and deducted from the total carbon removed. In addition to identification and inclusion, methodologies
must incorporate design features to minimise leakage risks and any residual leakage that occurs must be estimated
using standardised approaches and deducted from the total carbon removed.

The Article 6.4 approach to leakage

The Article 6.4 Leakage Standard 8 requires project developers to identify all potential leakage sources (including
emissions and removals outside the activity boundary) and prioritise eliminating leakage through activity redesign.
Where elimination is impossible, developers must minimise leakage and account for any residual effects when
calculating net emission reductions or removals, unless excluding a leakage source yields conservative results. When
net leakage is negative, indicating unintended emission increases beyond project boundaries, this amount must be
deducted from claimed emission reductions or removals to ensure credit integrity. The Standard specifically highlights

% UNFCCC (2025). Standard: Addressing leakage in mechanism methodologies V1.0. [online] Available at: A6.4-STAN-METH-005.pdf [Accessed
10 Oct. 2025].
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resource competition as a critical leakage source, particularly where projects increase consumption of finite resources
like biomass and. where this cannot be circumvented by proving resource abundance and non-utilisation, potentially
triggering emissions increases, or removal decreases beyond project boundaries. This is especially relevant for
BioCCS applications.

The Standard also explicitly requires consideration of iLUC, mandating that all associated emissions be fully
accounted for in project calculations. The Standard also explicitly requires consideration of iLUC, mandating that all
associated emissions be fully accounted for in project calculations. The Article 6.4 Supervisory Body will likely develop
tools which will further specify operational requirements for accounting for such leakage emissions similar to the Clean
Development Mechanism Tool1699.

The CRCF approach to leakage

The CRCF DACCS and BioCCS methodology quantifies the upstream emissions that materially contribute to the
carbon emissions of the process. They do not refer to any market or activity shifting effects, rather taking a leakage
minimisation approach that attempts to avoid any distortive market or activity effects from occurring.

The methodology also includes upstream and downstream emissions into its quantification for carbon credits, while
not explicitly referring to it as leakage. This type of accounting is acknowledged by the CCP which states:

“Some methodologies may include leakage emissions directly in the calculation of (net) emission reductions, while
others may account for leakage emissions separately. Whether an increase in emissions caused by a mitigation
activity is formally designated as “leakage” is not important, as far as all material effects of an activity on emissions are
accounted for’ 1%,

Leakage Source Coverage and Conservative Approach to Quantification

Upstream/Downstream

The EU CRCF methodology for DACCS and BioCCS adopts a process-chain approach to quantifying carbon
balances that resembles a partial life-cycle assessment. It requires operators to account for all material upstream and
operational emissions directly associated with the removal activity. This includes the construction of capture, transport,
and storage infrastructure (capital emissions) and the production and supply of chemical or material inputs.

For BioCCS, the methodology also encompasses biomass supply chain emissions such as harvesting, storage, and
transport from source to the capture facility. The methodology does exclude downstream use-phase and end-of-life
emissions, which are not required given that CO, is permanently stored rather than entering a product system.

Market Leakage

The regulation mentions that iLUC emissions are not expected to significantly impact carbon removal quantification for
DACCS and BioCCS activities when increased biomass consumption is restricted to waste and residual materials and
aligns with cascading use principles e.g forest biomass used for BioCCS does not displace wood products production
to other locations in order to satisfy the demand as high value wood products are higher up the cascade principle
chain than bioenergy. The regulation mentions that iLUC emissions are not expected to significantly impact carbon
removal quantification for DACCS and BioCCS activities when increased biomass consumption is restricted to waste
and residual materials and aligns with cascading use principles e.g forest biomass used for BioCCS does not
displace wood products production to other locations in order to satisfy the demand as high value wood products are
higher up the cascade principle chain than bioenergy. The regulation further notes that current carbon removal

% UNFCCC (2022). Methodological tool: Project and leakage emissions from biomass V5.0. [online] Available at:
https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-16-v5.pdf [Accessed 10 Oct. 2025].

190 Eyropean Union (2024). Regulation (EU) 2024/3012 of the European Parliament and of the Council on Establishing a Union Certification for
Permanent Carbon Removals. Europa.eu [online] Available at: https://eur-lex.europa.eu/eli/reg/2024/3012/oj/eng [Accessed 15 Aug. 2025].
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technologies do not rely significantly on food and feed-crop based biomass or biomass for on-site energy provision
and anticipates this pattern will continue despite incentive effects from the regulatory framework.

Modelling of conservative biomass availability for BioCCS in the EU suggests sustainable biomass supply will reach
the theoretical maximum limits across assessment pathways by 2040'%1, This indicates a risk of indirect market effects
as multiple sectors compete for biomass to meet climate targets It could create heavy reliance on other sectors rapidly
transitioning away from biomass with faster progress of synthetic fuels in aviation, ammonia-based fuels in shipping
and electric vehicles for road transport.

Supply-side constraints compound these pressures as industrial residues are predicted to decline over time,
environmental concerns may limit sustainable extraction of forest and agricultural residues, and uncertainties remain
about land availability for energy crops without compromising food security®. These converging factors leave tight
margins for balancing energy security and renewable targets while adhering to cascading principles, with imports
offering limited relief given similarly constrained global biomass demand'%2. As these pressures intensify, the
distinction between waste and valuable feedstock may blur, making iLUC risk more likely.

Given that carbon credit systems could enable BioCCS to outcompete other biomass uses, sustainable biomass
allocation and market effects should be considered within the sustainable supply limit. Cost-competitiveness
analysis'93 shows that materials applications (solid wood products, chemicals) with non-bio alternatives make them
priority uses (as also recognised under cascade principles). For energy applications, aviation biofuels using second-
generation conversion and high-temperature industrial heat represent the most viable uses as aviation faces a
technology readiness gap with synthetic fuels, while industrial heat applications work best in hybrid systems.
Displacing these priority uses toward BioCCS could delay decarbonisation in sectors with fewer mature alternatives
potentially causing leakage.

A potential market leakage for DACCS is due to electricity consumption in DACCS plants. The draft DACCS rules
allow for annual matching till 2029. Annual matching allows industrial facilities to claim renewable electricity
consumption by purchasing equivalent annual volumes of renewable energy certificates, regardless of immediate
alignment between generation and consumption. When DACCS facilities purchase annual renewable energy
contracts, they may displace other buyers who might then consume higher-emission grid electricity instead. This
allows the DACCS facility to claim fully renewable operations while potentially contributing no additional clean
electricity to the grid or increasing the emissions. While this could be a potential risk, the allowance is only up to 2029.
Based on the Impact Assessment underlying the EU Commission’s Communication on the EU’s 2040 climate target,
due to the low reliance on industrial removals by 2040, the overall impact on electricity consumption is projected to be
low 104

Rating: Amber

9 Velten, E.K., Felthofer, C., Decker, B. and Meyer-Ohlendorf, N. (2025). Industrial Removals’ Resource Use in the 2040 Climate Target Impact
Assessment An analysis of biomass, electricity, and water needs for Bioenergy and Direct Air Carbon Capture and Storage (BECCS and DACCS)
in the EU Commission’s Impact Assessment of the 2040 target Ecologic Institute. [online] Eco Logic. Ecologic Institute, Berlin. Available at:
https://www.ecologic.eu/sites/default/files/publication/2025/50183-industrial-removals-resource-use.pdf [Accessed 10 Oct. 2025].

192 Energy Transitions Commission (2021). Bioresources within a Net-Zero Emissions Economy: Making a Sustainable Approach Possible. V1.0.
[online] Available at: ETC-Bioresources-Report-Final.pdf [Accessed 10 Oct. 2025].

193 Material Economics and Energy Transitions Commission (2021). EU Biomass Use in a Net-Zero Economy - A course correction for EU
biomass’and ‘Bioresources within a Net-Zero Emissions Economy: Making a Sustainable Approach Possible’. [online] Available at:
https://materialeconomics.com/sites/default/files/2024-06/material-economics-eu-biomass-use-in-a-net-zero-economy-online-
version%20%281%29.pdf [Accessed 10 Oct. 2025].
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Assessment An analysis of biomass, electricity, and water needs for Bioenergy and Direct Air Carbon Capture and Storage (BECCS and DACCS)
in the EU Commission’s Impact Assessment of the 2040 target Ecologic Institute. [online] Eco Logic. Ecologic Institute, Berlin. Available at:
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Leakage Prevention/Minimisation

While not explicitly addressing leakage in the methodology, the proposal aims to prevent and minimise the effects of
leakage affecting the wider uses of biomass through its incorporation of the cascade principle derived from RED Il
and constraints on plant capacity. These provisions attempt to minimise market leakage by prioritising biomass use
according to economic and environmental value requiring material uses before energy applications. For example, by
avoiding the increased competition for the use of woody biomass from BioCCS price inflation is minimised, helping to
prevent increased harvesting in other areas and a potential net loss of carbon.

The directive also attempts to address market displacement through Article 3(3), which requires Member States to
"take measures to ensure that energy from biomass is produced in a way that minimises undue distortive effects on
the biomass raw material market and an adverse impact on biodiversity, the environment and the climate." However,
this provision does not constitute what is defined as "undue" distortive, with no quantitative thresholds, measurement
methodologies, or which measures should be taken to enforce this.

Rating: Amber

Estimation and Reduction of Residual Leakage
The CRCF does not include any quantification or accounting for residual leakages such as the market effects
mentioned above or employ any standardised tools or approaches such as discount factor or buffer pools.

Robustness & Uncertainty
The CRCF applies uncertainty/conservatism rules to upstream process emissions, but as market effects are not
quantified, there is no uncertainty treatment for market leakage to capture the risks as mentioned above.
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4.4. Permanence and reversal risk

Permanence

Sub-Category

ICVCM Approach

Article 6.4 Approach

CRCF Approach and

Alighment

Approach to
permanence

Approach to reversal risk

Monitoring period

Approach to risk
management/compensating
for reversals

Approached through
"material risk of
reversal" (including
CCS).

Requires definition of
avoidable vs
unavoidable risk. Risk
assessment mandatory
using publicly available
methods

No monitoring period
for CCS once material
risk for reversal is
calculated and
safeguarded.

[Carbon storage in
biogenic reservoir
minimum 40 years]
Compensation of
avoidable risks only.
Not Considered for
CCS, but buffer pools
for other select CDR
activities

Emphasis on calculating
risk of reversal through
assessment tool. Some
reference to 100 yr
timeline

Defines avoidable vs
unavoidable risk. Must
provide evidence of
negligible reversal risk (<
0.5% over a 100-year
timeframe) or
remediation of reversals
" Monitor and report
indefinitely until
negligible risk of reversal
or until potential reversal
remediated". Minimum
period to be defined
when activity specific
methodologies released
Remediation of
avoidable and
unavoidable risks. Buffer
pool determined using
the reversal risk
assessment tool

DACCS, BioCCS "very low or no
risk of carbon release”, but still
requires risk reversal assessment.

Monitoring and mitigation of
avoidable and unavoidable risks
during the crediting period. Post-
credit - assess reversal risk.
Methods in CCS Directive less
detailed than Article 6.4

Rolling (subsequential) crediting
periods maximum 10 years each.
Post-credit period monitoring
minimum 20 years, unless proof
or permanent storage

Buffer pools mentioned in CRCF
but lacks information on when
and how they are used, CCS
directive mentions other
management frameworks but
lacks detail

Table 2. Alignment of Assessment Criteria for BioCCS and DACCS: Permanence in the EU-CRCF Regulation
(Carbon Farming and Carbon Removal) and other related EU regulation and guidance, with the ICVCM Core Carbon
Principles & Assessment Framework and Article 6.4 of the Paris Agreement. *RAG rating shown is only in relation to
BioCCS and DACCS, for broader CDR activities RAG rating likely to be lower. RAG rating: Green = good alignment of

approaches and methods likely leading to similar outcomes;

some alignment but not complete, some gaps

that may lead to differences in outcomes; Red = limited alignment or major gaps in methodologies and approaches
that are likely to lead to clear differences in outcomes and risks to integrity.

Permanence refers to the durability of carbon storage following an anthropogenic activity to remove COzfrom the
atmosphere and store it. "% There is no universally agreed value for permanence period. Voluntary standard setters
and policy makers have specified minimum periods of storage ranging from 25 years to several centuries as a
permanence period for practical purposes 106107,

%European Commission (2024). Establishing a Union certification framework for permanent carbon removals, carbon farming and carbon
storage in products | EUR-Lex. [online] Europa.eu. Available at: https://eur-lex.europa.eu/EN/legal-content/summary/establishing-a-union-
certification-framework-for-permanent-carbon-removals-carbon-farming-and-carbon-storage-in-products.html#keyterm_1 [Accessed 10 Nov.

2025].

1% UNFCCC (2023). Information note: Compilation of the public inputs on removal activities under the Article 6.4 mechanism.
[online] Unfccc.int, pp.65-69. Available at: https://unfccc.int/event/Supervisory-Body-6 [Accessed 10 Nov. 2025].
97 Smith, S. M., Geden, O., Nemet, G., et al. (2023). The State of Carbon Dioxide Removal - 1st Edition. The State of Carbon Dioxide Removal.

doi:10.17605/0OSF.1I0/W3B4Z.
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For CCS specifically, the 2005 IPCC Special Report on Carbon Dioxide Capture and Storage'%® addresses reversal
risk in CCS through two main categories: global risks and local risks. For global risks, based on observations and
analysis of CO: storage sites, natural systems, engineering systems and models, permanence in appropriately
selected and managed reservoirs is “very likely” (probability of 90 to 99%) to exceed 99% over 100 years, and is
“likely” (probability between 66 and 90%) to exceed 99% over 1000 years. For local risks, the two main scenarios
involve reversal due to a) injection well failures or leakage at abandoned wells, and b) gradual leakage at undetected
faults, fractures or leaking wells.

Public policies and private carbon crediting standards address reversal risks by (i) assigning responsibility:
establishing a durability mechanism that regulates how an entity guarantees carbon will remain stored for the
stipulated duration, and (ii) allocating liabilities: adopting a reversal management mechanism that regulates the
consequences of a reversal event'%? 110(). The former includes commitment periods, easements, demonstration of
stability, transfer of liability, discounting time horizons, and temporary crediting, the latter includes buffer pools,
required compensation, discounting, and insurance'".

Geological storage of carbon has a high reversal risk early on, as it takes time for COz to stabilise, when leakage risk
is almost eliminated reversal risk becomes low (possibly near zero).''? Overall, CDR technologies that store carbon in
geochemically stable forms have less variable and more predictable reversal risk''3 114 than land-based CDR (e.g.
forests, biomass), which are controlled by more complicated biogeochemical factors and anthropogenic
disturbances ' 116,

The ICVCM approach to permanence and reversal risk

Definition and approach to permanence and reversal risk

ICVCM defines permanence as the requirement that emissions reductions or removals remain out of the atmosphere
for a scientifically relevant ‘meaningful duration’. They approach CCS and other engineered removals and geological
storage technologies through "material risk of reversal".

The ICVCM defines reversal risk as the risk that stored or avoided CO, will be released back into the atmosphere after
the credit has been sold or retired''”. The “activity proponent” is liable to monitor, report, mitigate and respond to
reversals. The carbon crediting program shall a) require estimation of reversal risk using a clearly defined
methodology that is made publicly available, b) require or incentivise activity proponents to take measures to mitigate
potential reversal risks, c) define and apply clear criteria for determining whether a reversal is avoidable or

%8 |PCC (2005) IPCC Special Report on Carbon Dioxide Capture and Storage, Metz et al (eds), IPCC, Cambridge University Press.

109 Arcusa, Stephanie & Hagood, Emily, 2023. Definitions and mechanisms for managing durability and reversals in standards and procurers of
carbon dioxide removal. OSF Preprints 6bth5, Center for Open Science. DOI: 10.31219/0sf.io/6bth5

110 Burke, J. and Schenuit, F. (2025). Conditional fungibility: sequencing permanent removals into emissions trading systems. Environ. Res.
Lett. 19111002

"1 Streck, C., Minoli, S., Roe, S., et al. (2025). Considering durability in carbon dioxide removal strategies for climate change mitigation. Climate
Policy, pp.1-9. doi:https://doi.org/10.1080/14693062.2025.2501267.

112 Alcalde, J., Flude, S., Wilkinson, M. et al. (2018). Estimating geological CO2 storage security to deliver on climate mitigation. Nature
Communications, 9(1). doi:https://doi.org/10.1038/s41467-018-04423-1.

113 Galik, C.S., Murray, B.C., Mitchell, S. and Cottle, P. (2014). Alternative approaches for addressing non-permanence in carbon projects: an
application to afforestation and reforestation under the Clean Development Mechanism. Mitigation and Adaptation Strategies for Global
Change, 21(1), pp-101-118. doi: https://doi.org/10.1007/s11027-014-9573-4.

"4 Streck, C., Minoli, S., Roe, S., et al. (2025). Considering durability in carbon dioxide removal strategies for climate change mitigation. Climate
Policy, pp.1-9. doi: https://doi.org/10.1080/14693062.2025.2501267.

115 i Sacco, A., Hardwick, K.A., Blakesley, D. and et al. (2021). Ten golden rules for reforestation to optimize carbon sequestration, biodiversity
recovery and livelihood benefits. Global Change Biology, [online] 27(7). doi:https://doi.org/10.1111/gcb.15498.

116 Anderegg, W.R.L., Trugman, AT., Badgley, G. et al. (2020). Climate-driven risks to the climate mitigation potential of forests. Science,
368(6497), p.eaaz7005. doi:https://doi.org/10.1126/science.aaz7005.

"7 ibid
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unavoidable. The 2025 Permanence Report recommends future ICVCM refinements should include a standard
definition of avoidable and unavoidable reversals.'®

Monitoring period

There is no monitoring period for CCS once material risk for reversal is calculated and safeguarded. A 40-year
minimum monitoring period is applied to biogenic reservoirs only, and extending the monitoring and crediting period
(e.g- 100 years) has been identified as a key aspect of the next phase of development of approaches to permanence
in the ICVCM which would align with Article 6.4 19,

Risk management/compensating for reversals

Risk reversal should be managed as far as possible. Remediation for biogenic reservoirs are for avoidable reversals
only, compensation for reversals is through use of buffer pools. Buffer carbon credits should be “at least twenty
percent of the total carbon credits issued, or proportional to the reversal risk”. Buffer pools are not used for CCS
activities.

The Article 6.4 Approach to permanence and reversal risk

Definition and approach to permanence and reversal risk

The 2025 Draft Standard Addressing non-permanence / reversal (A6.4-MEP008-A03)'2° does not define permanence
but focuses on estimation of non-permanence risks. It includes methods for identifying reversals, 12" quantifying
reversals including during- and post-crediting period monitoring and reporting 2 and development of a reversal risk
assessment tool for both avoidable and unavoidable reversals. Avoided reversals are “caused by factors over which
the activity participants have influence or control”. These include loss of carbon stocks through illegal logging, early
project termination (discontinuing MRV), failure to meet MRV requirements, poor project management or operational
negligence. Unavoidable reversals include war, natural disaster (e.g. flood, earthquake, fire, hurricane, drought), and
change in government requirements (policy). 123124

Reversal risk calculations apply to biogenic, chemical and geological storage. The conditions or criteria to
demonstrate negligible risk of reversal are that storage in reservoir(s) remain in a steady state or, are stabilised for at
least 100 years from the year of demonstration of negligible risk of reversal'?5. “Negligible risk is defined as an
expected risk of reversal of no more than 0.5 percent (1 in 200 chance) over a 100-year timeframe” 6.

Demonstrating negligible risk of reversal requires evidence, in the form of modelling or other methods, about the long-
term stability of stored greenhouse gases. All causes of uncertainty should be considered, using the higher or lower
bound, as appropriate, of the uncertainty interval at a 95 per cent confidence level to ensure conservativeness.

118 |CVCM (2025). Permanence. In: Continuous Improvement Work Program report: Permanence V1.1. [online] pp.9-22. Available at:
https://icvem.org/wp-content/uploads/2025/05/CIWP-Permanence-Report.pdf [Accessed 15 Aug. 2025].

% ]|CVCM (2025). Continuous Improvement Work Program report: Permanence. [online] Available at: https://icvem.org/wp-
content/uploads/2025/05/CIWP-Permanence-Report.pdf [Accessed 31 Oct. 2025].

120 UNFCCC (2025). Draft Standard: Addressing non-permanence / Reversal v.01.0. [online] p.3Available at:
https://unfccc.int/sites/default/files/resource/A6.4-MEP007-A04.pdf [Accessed 10 Oct. 2025].

21 |bid, Appendix 1(7). [Accessed 11 Nov. 2025].

122 |bid, Section 6, Appendix 1.

123 |bid

124 Michaelowa, A., KeBler, J., Dalfiume, S. and Ahonen, H.-M. (2025). Reversal risk and buffer pool contribution analysis Discussion paper
Reversal risk and buffer pool contribution analysis. [online] Available at: https://www.carbon-
mechanisms.de/fileadmin/media/dokumente/PCG_Reversal_Risk_Paper_20250616.pdf [Accessed 11 Nov. 2025].

125 |bid, Appendix 1,Para 46.

126 |bid, Appendix 3, Section 5.2.
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Sensitivity analysis should be used to confirm the outcome of the negligible risk demonstration 27

Monitoring period
The post-crediting period monitoring should assess and quantify any reversals, and ensure remediation. The post-
crediting monitoring period shall continue indefinitely or until either:

- negligible risk of reversal is demonstrated, calculated over at least a 100-year timeframe
- there is remediation of potential future reversals of A6.4 ERs issued

Minimum periods for post-credit monitoring are expected to be defined when activity specific methodologies are
released, informed by the type of mitigation activity and the associated reversal risks 2.

Approach to risk management/compensating for reversals

Activity participants shall contribute A6.4 ERs to a Reversal Risk Buffer pool account (RRBp). Both unavoidable and
avoidable reversals shall be dealt with through the cancelation of RRBp credits, ‘equal to the amount of the avoidable
reversals, as expressed in tonnes of carbon dioxide equivalent’. However, avoidable reversals shall require a
replenishment of A6.4 ERs into the RRBp as compensation'2°

Periodic stress-testing of the RRBp will be required to assess the pool’s resilience against ‘a range of plausible
reversal risk scenarios affecting the activities linked to the buffer pool’, at least every three years. The composition of
the buffer pool should be published annually for transparency 0.

The CRCF approach to permanence and reversal risk

Definition and approach to permanence and reversal risk

The CRCEF refers to permanent carbon removal as “human activity removing CO:2 from the atmosphere and storing it
securely and durably for several centuries.'3' The permanent carbon removal delegated act, focused on BioCCS,
DACCS and biochar, assumes “products with permanently chemically bound carbon present a very low or no risk of
carbon release”. The CCS directive is also relevant here, offering safeguards for underground/geological storage 132,
For DACCS and BioCCS, the CRCEF links reversal to leakage of CO2 from storage. 33

For CDR activities with non-geological storage, the CRCF considers biogenic storage is more exposed to the risk of
voluntary or involuntary release of carbon into the atmosphere. These should be subject to an expiry date coinciding
with the end of the relevant monitoring period, which should cover at least 35 years for carbon storage in products.
Thereafter, the carbon captured and stored should be considered released into the atmosphere, unless the operator or
group of operators commits to prolonging the monitoring period.

CRCEF does not distinguish between avoidable and unavoidable reversals. To limit risks of overestimating CO2
removal, quantification for uncertainties and risk should be reported and accounted for in a conservative manner. The

27 |bid, Appendix ,1 Section 4.

128 |bid, Appendix 1, Para 46.

129 UNFCCC (2025). Draft Standard: Addressing non-permanence / Reversal v.01.0. [online] p.3 Available at:
https://unfccc.int/sites/default/files/resource/A6.4-MEP007-A04.pdf [Accessed 10 Oct. 2025].

130 UNFCCC (2023). Recommendation Activities involving removals under the Article 6.4 mechanism V01.1. [online] Unfccc.int. Available at:
https://unfccc.int/sites/default/files/resource/a64-sb009-a02.pdf [Accessed 14 Nov. 2025].

31 European Commission (2024). Establishing a Union certification framework for permanent carbon removals, carbon farming and carbon
storage in products | EUR-Lex. [online] Europa.eu. Available at: https://eur-lex.europa.eu/EN/legal-content/summary/establishing-a-union-
certification-framework-for-permanent-carbon-removals-carbon-farming-and-carbon-storage-in-products.html#keyterm_1 [Accessed 10 Oct.
2025].

32 European Union (2020). Carbon dioxide capture and storage | EUR-Lex. [online] Europa.eu. Available at: https://eur-lex.europa.eu/EN/legal-
content/summary/carbon-dioxide-capture-and-storage.html[Accessed 10 Nov. 2025].

133 European Union (2009). Directive 2009/31/EC - EN - EUR-Lex. [online] Article 3(5). Europa.eu. Available at: Directive - 2009/31 - EN - EUR-Lex
[Accessed on 10 Oct. 2025].
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conservative approach is to be applied, where possible, in accordance with the 2006 IPCC Guidelines for National
Greenhouse Gas Inventory estimates. 134

The ICVCM is aligned with CRCF and A 6.4. ICVCM describe the principles for conservative and robust quantification
for emissions and removals.-Article 6.4 additionally considers risk of reversal and modelling methods, which are not
required in the ICVCM. CRCF goes beyond ICVCM to include a requirement of a combination of field measurements
with remote sensing or modelling 3. The applicable certification methodologies will include monitoring rules and
liability mechanisms consistent with the rules concerning permanently chemically bound carbon in products 36

The assumption of very low or no risk of release from BioCCS and DACCS risks over confidence compared to ICVCM
and Article 6.4, but given there is still a requirement to calculate reversal risks, based on conservative approaches and
including of all uncertainties, the outcome is likely similar thus the rating is green for BioCCS and DACCS.

Considering the broader context of other CDR activities, the assumption of very low or no risk of reversal may be over-
confident for biochar. For non-geological storage, assuming reversal at the end of a 35-year crediting period limits
consideration of technology and context dependent circumstances ie. it may risk over or under confidence, and will no
doubt need revisiting when the CRCF is expanded to include more detailed methods for non-geological activities.

Rating: Green

Monitoring period
For DACCS and BioCCS activities, each credit/activity-period is a maximum of 10 years. after which a new plan must
be submitted for any consequent periods.

The post-credit monitoring period for DACCS and BioCCS is until the point at which responsibility for geological
storage sites utilised by the activity has been transferred from the “operator” to the “relevant competent national
authorities”'%7. The minimum period before transfer of responsibility shall be no shorter than 20 years, unless all
available evidence indicates that the stored CO2 will be completely and permanently contained before the end of that
period. The operator should also cover the anticipated cost of monitoring for a further period of 30 years after the
transfer of responsibility. Therefore, the operator could transfer liability after a minimum period (or earlier) with the
need to evidence negligeable risk of reversal. After this determined period and transfer of liability, the competent
authority will assume permanence and could then stop monitoring risk of reversal.

ICVCM and Article 6.4 do not link monitoring periods to liability or legal obligations transfer, but rather the monitoring
must continue until negligible risk reversal is evidenced. Article 6.4 requires continuous monitoring, which is unlimited
until evidence is provided to prove otherwise. Neither ICVCM nor Article 6.4 advise or require liability transfer.

For CCS activities the CRCF approach would likely result in a similar outcome for avoidable risks to ICVCM and
Article 6.4 as these should have been mitigated during the credit period and the minimum 20 year post-credit period,

134 European Commission (2024). Establishing a Union certification framework for permanent carbon removals, carbon farming and carbon
storage in products | EUR-Lex. [online] Europa.eu. Available at: https://eur-lex.europa.eu/EN/legal-content/summary/establishing-a-union-
certification-framework-for-permanent-carbon-removals-carbon-farming-and-carbon-storage-in-products.html#keyterm_1 [Accessed 10 Oct.
2025].

3 European Union (2018). Regulation (EU) 2018/2066 on the monitoring and reporting of greenhouse gas emissions pursuant to Directive
2003/87/EC of the European Parliament and of the Council and amending Commission Regulation (EU) No 601/2012 | EUR-Lex. Europa.eu,
[online] Article 42. Available at: Implementing regulation - 2018/2066 - EN - EUR-Lex [Accessed 10 Oct. 2025].

% European Union (2003). Directive 2003/87/EC of the European Parliament and of the Council: stablishing a scheme for greenhouse gas
emission allowance trading within the Community and amending Council Directive 96/61/EC. [online] Europa.eu. Available at: https://eur-
lex.europa.eu/eli/dir/2003/87/oj/eng [Accessed 10 Oct. 2025].

37 European Union (2020). Carbon dioxide capture and storage (CCS Directive) | EUR-Lex. Europa.eu, [online] Article 18.Available at: Directive -
2009/31 - EN - EUR-Lex [Accessed 10 Oct. 2025].
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hence a green rating. It may miss unavoidable reversal risks which require remediation by Article 6.4 but not by
ICVCM.

For non-geological storage, CRCF requires a minimum of 35 years for carbon farming and carbon storage in wood
products. ICVCM requires continuous monitoring of at least 40 years, which is comparable. Article 6.4 minimum
periods for monitoring will be defined when activity specific methodologies are released.

Rating: Green

Approach to risk management

CRCEF stipulates that appropriate liability mechanisms should be in place to address cases of reversal, which require
alignment with the EU-ETS and CCS Directives, and address permanence and risk of reversal. In the case of
significant irregularities which implies risk of leakage, corrective measures must be taken'38. The operators of storage
activities are liable for any release of CO2from permanent geological storage '%°. To minimise risk in the planning
phase, there are rules on what type of geological storage may be selected, including low risk of reversal and no
significant environmental or health risks'40. There is an assumption that risks will be addressed to high integrity
standards.

The CCS Directive stipulates requirements regarding the risks of reversal. For example, monitoring to detect CO2
migration leakage, comparison between the actual and modelled behaviour of CO2, risks to the surrounding
environment (e.g drinking water), for assessing the effectiveness of any corrective measures, assessment of whether
the stored CO2 will be completely and permanently contained'#'-.Corrective measures are required if environmental
risks are identified due to leakage under the CCS directive. This risk management approach was developed and
adopted in the context of international frameworks, such as the 1996 London Protocol to the 1972 Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter (1996 London Protocol), and the Convention
for the Protection of the Marine Environment of the North-East Atlantic (OSPAR Convention).

Liability mechanisms may include collective buffers or up-front insurance mechanisms. The documentation lacks
detail on what these should be and how to calculate or apply them. In comparison the ICVCM specifies buffer pools of
appropriate scale ‘only for biogenic reservoirs’, requiring CCS projects to ‘assess the risk of reversals and where
material risk is identified, have appropriate measures to avoid material risks of reversals’ for CCS with geological
storage, and mitigation activities involving the displacement of non-renewable biomass'42. Article 6.4 provides
methods to calculate appropriate buffer pool contributions for all CDR technologies. Thus, for CCS, while the CRCF is
similar to ICVCM in not requiring remediation for CCS, Article 6.4 does require this, and provides methods, which both
CRCF and ICVCM could adopt.

Rating: Amber

% European Union (2020). Carbon dioxide capture and storage (CCS Directive) | EUR-Lex. Europa.eu, [online] Article 16.Available at: Directive -
2009/31 - EN - EUR-Lex [Accessed 10 Oct. 2025].

39 |bid

40 European Union (2020). Directive 2009/31 - Carbon dioxide capture and storage (CCS Directive) | EUR-Lex. Europa.eu, [online] Article 7(3).
Available at: Directive - 2009/31 - EN - EUR-Lex [Accessed 10 Oct. 2025].

41 European Union (2020). Carbon dioxide capture and storage (CCS Directive) | EUR-Lex. Europa.eu, [online] Article 13,16. Available at:
Directive - 2009/31 - EN - EUR-Lex [Accessed 10 Oct. 2025].

142 |CVCM (2024). CORE CARBON PRINCIPLES, ASSESSMENT FRAMEWORK AND ASSESSMENT PROCEDURE. [online] The Integrity Council for
the Voluntary Carbon Market, V1.1. Available at: https://icvem.org/wp-content/uploads/2024/02/CCP-Book-V1.1-FINAL-LowRes-15May24.pdf
[Accessed 10 Oct. 2025].
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Additionality, baselines and leakage:

These three principles overlap, for example, decisions on approach to baselines can affect the outcomes for showing
additionality, and even net negativity across the life-cycle of a CDR project, particularly those involving land
management. For all three principles, the CRCF had gaps relative to ICVCM and Article 6.4 that could mean
estimated credits could be higher, and risks of leakage missed.

The CRCF additionality criteria demonstrates some alignment with the ICVCM’s CCPs additionality principles;
primarily the review mechanism, independent verification and defining an appropriate level of aggregation of
technologies for standardised approaches. It is lacking completely for prior consideration and regulation checks and
the level of stringency in setting the standardised additionality check is low in comparison to the requirements set out
for investment and barrier analysis, with very little justification and publicly available data for verification.

Given current limited policy and financial support for DACCS and BioCCS deployment and considering the potential
benefits of reduced administrative burden for emerging technologies, makes the risk of non-additionality CRCF credits
low. This acknowledges that the zero-baseline assumption may currently reflect market conditions, while recognising
that the methodology will be reviewing its standard to reflect changing circumstances even though its current
assessment is non-standard practice.

The DACCS and BioCCS methodology, while providing some justification for a zero-baseline counterfactual, does not
explain clearly or go into detail as to how this scenario was chosen, what data and assumptions were considered or
how much uncertainty was considered to arrive at this conservative estimate. This lack of transparency fails to provide
the certainty and accountability that the CCPs and Article 6.4 criteria set out for high integrity credits and confidence in
carbon markets.

The framework specifically aims for a pragmatic approach with a standardised zero baseline and includes safeguards
that prevent BioCCS facilities from burning extra biomass to specifically earn more carbon credits as well as referring
to the RED lll cascade principle to prevent the displacement of biomass used in higher valued wood products. This
standardised approach provides certainty for investors and reduces administrative burden. However, country (and not
forest stand) level land carbon sink requirements, the broad range of forest residue definitions and lack of international
harmonisation of sustainable biomass sourcing shows that the degree of conservativeness does not match the
possibilities of counterfactual biomass storage.

This methodology approach reflects a policy choice of prioritising market development and regulatory consistency
over the detailed analysis for choosing the baseline scenario and quantity. Given that the regulation does allow the
update and review of the baseline at least every five years, this should allow necessary changes to be reflected in the
accounting to reduce non-additional credits. It is not clear what would happen if an updated non-zero baseline meant
the project was no longer net negative.

Assumption of a zero baseline assumes that no net carbon removal or emissions would occur in the counterfactual
scenario without the activity. Very little justification and publicly available information is given to justify this. These
might be found in meetings notes but were not in draft methodology documents. This lack of transparency goes
against the ethical considerations emphasised by the CRCF and fails to provide the certainty and accountability for
high integrity credits and confidence in carbon markets. This is particularly so for land-based CDRs that are already
mired on controversy. It may not even be sufficient for power-BioCCS when the cascading principle is applied e.g.
residues could be left on the land affecting carbon flux and environmental criteria particularly when BioCCS is scaled
up given resource constraints and potential other biomass uses.

When assessed against the ICVCM CCP and Article 6.4 for leakage, the CRCF DACCS and BioCCS methodology
fails to meet all requirements. While it comprehensively accounts for process-chain emissions and safeguards, most
notably the cascade principle, sustainability provisions, and restrictions on capacity increases to minimise these risks,
it does not explain its method for identifying all relevant potential sources, assessing materiality and conservatively
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deducting all relevant potential sources of leakage such as potential fossil fuel increase to maintain the grid capacity.
As a result, the CRCF meets some of the ICVCM and Article6.4 expectations for leakage minimisation but does not
meet the requirements for full leakage source coverage, inclusion, residual accounting, or uncertainty treatment.

The immediate risk of significant leakage impacts appears low as DACCS and BioCCS facilities are at an early stage,
and their contribution to overall energy and materials markets is small. Under scale-up, the manufacturing and energy
impact is unlikely to be material given the low reliance on industrial removals for meeting 2040 climate targets. There
is a cause for concern with regards to sustainable sourcing of biomass given the range of potential uses across
sectors such as biofuels for shipping, aviation and road transport, in addition to other uses such as sustainable
building and the bio-economy, and how these sectors will simultaneously meet their net-zero goals.

Under CRCF, leakage is assumed to be prevented in power-BioCCS by the cascading principle (which is yet only
guidance with implementation), sustainability provisions and restrictions on capacity increases. This does not account
for all sources of leakage, and may be less robust under scale-up, particularly with increase competition for biomass.

Recommendations:

e More detailed existing methods found in the ICVCM, Article 6.4 and the Greenhouse Gas
protocol could be considered in the ongoing updating of the EU-CRCF and for the future
development of UK BSI standards. In particular: calculating project baselines rather than

assuming a zero baseline; and more rigorous direct evaluation of leakage throughout the
project activity and monitoring period.

This could be supported by additional expertise or knowledge through an independent
advisory body and/or monitoring bodies to assist with verification and calculation of baselines.

Permanence and reversal risk:

Approach to permanence, risk reversal and monitoring period is similar in CRCF, ICVCM and Article 6.4, but there is a
misalignment on the risk management and compensating mechanisms for reversals. Avoidable and unavoidable
reversals are clearly defined in Article 6.4, and a risk assessment tool and buffer pools is suggested to be used for
remediating both types of reversals. ICVCM is using a ‘material risk of reversal’ approach dependent on CDR
technology, suggests compensation only for avoidable reversals and buffer pools are not considered for CCS
activities. CRCF provides limited information on risk management, while other international regulatory frameworks are
mentioned in the CCS Directive. Specific mechanisms and methods for compensating mechanisms are vague, with
buffers and up-front insurance mechanisms mentioned as possibilities, with no requirements or methods, given that
the development of CRCF methodologies for the different types of CDR activities are at an early stage,

Even though it is assumed that storage has “a very low or no risk of carbon release”, the CRCF could explicitly require
evidence of negligible risk reversal before comprehensive monitoring is discontinued.

In the broader context, assuming reversal after 35 years for storage in wood products or biogenic reservoirs may not
accurately reflect actual reversals and storage capacities, ie.it risks under or overestimating stores. While a pragmatic
short-term approach, in the longer-term and when other biogenic-storage is included, this assumption could be revised
with appropriate long-term monitoring methods.

Definitions for reversal risks should be explicit in the CRCF documentation without overly relying on readers having to
find references in other directives. This would make it clearer for project developers and operators.
Recommendations:

e Both ICVCM and CRCF could adopt the more detailed approach and methods to calculating
risk reversal as specified in Article 6.4.

® CRCF could specify and provide methods for risk reversal compensatory mechanisms (e.g.
via buffer pools and insurance), potentially using Article 6.4 approach and methods.
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Sustainability:

A detailed comparative analysis of approaches to sustainability principles was not possible in this review but will be
carried out in future. Nevertheless, there are some concerns around the approach of CRCF. Biomass sustainability is
mostly assumed to be covered through the references to the RED 11l (2023). This is based on the presumption of
prevention of environmental harms. We consider this approach to be inadequate. The lack of requirements or methods
to establish environmental baselines and embedding MRV for sustainability criteria throughout the lifecycle of CDRs,
means it will be challenging to assess if this presumption is true, or to identify and remediate any sustainability risks as
projects progress.

A reliance on sustainability criteria for biomass sourcing is also inadequate compared to continuous monitoring across
the full life-cycle and throughout the duration of the monitoring and crediting period.

Recommendation:

o Include setting baselines for sustainability indicators and monitor these across the life-
cycle of a project and throughout the activity period.

Selective prioritisation of CDR activities for early standards development:

There are advantages to prioritising CCS-related CDR technologies for methodological development that have a lower
reversal risk, may be easier to calculate (e.g. due to data availability or less complex carbon dynamics) or may be a
priority for scale-up. A narrow approach enables moving rapidly and learning by doing. On the other hand, it risks
developing approaches and methods that are then insufficient or poorly suited to all CDR technologies. A mix of
different standards without clear comparability can be confusing for project developers, investors and public trust,
while the lack of a level playing field can lead to uneven incentives that may prioritise some assessment criteria over
others (e.g. permanence, sustainability, risk compensation) for different CDR technologies. It may also embed
precedents that are not a high integrity unless sufficient review and update mechanisms are included. It is unclear
when new rules are introduced to cover a broader range of activities, whether they will apply retrospectively to projects
already registered.

Recommendation:

o Consider implications for approach and methods development across a broad range of

assessment criteria, a broad range of potential CDR technologies, and scale-up (resource
constraints etc) from the outset to ensure comparability and a level playing-field across all
activities, and to future proof work against perverse outcomes and integrity issues.

Accuracy and best practice vs pragmatism and minimum standards:

We acknowledge a need to find a balance between what is best practice and what might be more pragmatic minimum
standards, especially at early stages of development of the CDR landscape and in the face of urgent climate
mitigations needs. Best practice can be particularly burdensome for small projects and small operators, which are
often common in the early stages of development, and are less able to deal with complex methods. A database of
CDR projects, methods and monitoring data, which are regularly updated, could be used to support project developers
and operators.

In this review we have taken a lens of best practice for high integrity without assessing this systematically. With this
lens, none of CRCF, ICVCM or Article 6.4 or CRCF represent best practice across all of the criteria evaluated. ICVCM
and Article 6.4 represent at least reasonable minimal quality standards across most assessment criteria given the
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early stage of development, with best practice for some sub-criteria. Not least as they embed regular review and
update mechanisms.

Recommendations:

e Outline a regular review and update process, with clear timelines and clarity as to if/how
these will be applied to existing projects.
Activity proponents/operators could be rewarded for adopting best practice for example

through financial incentives or lower risk compensation requirements.

An independent advisory body could support best practice methods through e.g. provision
of harmonised methods and data, emission factors, models, scenarios. Transparency and
data sharing is key for learning by doing and should be required to the greatest extent
possible given IP and commercial considerations.

Limitations of Study

Whilst this review was being conducted, the latest CRCF text went through public consultation. Article 6.4 and ICVCM
are also subject to ongoing consultations and updates. Therefore, some aspects of the assessment may become out-
of-date.

Results may be different when comparing CRCF with standards bodies within the VCM, such as Isometric, Puro
Earth, Verra, Gold Standard. Some of these may have more robust assessment frameworks or methods in some
areas. However, this was out of scope of the analysis and many of these individual standards bodies are adopting the
ICVCM principles.

Future work

Future planned work includes an assessment of additionality baselines, leakage and permanence across individual
VCM methods (e.g. Isometric, Puro Earth, Verra and Gold Standard) and across a broader range of CDR
technologies. We also a plan a full assessment of sustainability criteria for CDR technologies across key VCM
methods as well as CRCF, ICVCM and Article 6.4. these future assessments may also include some of the more novel
CDR technologies. These reviews will be carried out using the CO2RE Evaluation Framework, which will be published
in 2026.

The use of case studies with integrated scenarios would help support land managers, project developers and policy
makers to assess the outcomes of specific choices. Testing different scenario outcomes and presenting them as easy
to understand case-studies is a suggested area of work beyond what is planned in the remainder of the CO2RE
project.

A systematic analysis of uncertainties in methods used to calculate full-lifecycle impacts (net GHG flux and
sustainability across the full project live-cycle) and risk reversal would support ongoing development of standards,
policy making, and IPCC CDR methodology development.
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This review took the approach of reviewing the CRCF (and related regulations and directives) against the ICVCM and
Article 6.4, and made several recommendations for improvement, both to CRCF, and in the context of next stages of
UK standards development. It also highlighted some areas where ICVCM or Article 6.4 could be improved.

Changes are continuously being made to all three initiatives (ICVCM, Article 6.4 and CRCF). Improvements will likely
increase the integrity of carbon removals, but this is best supported with well specified review and update
mechanisms. In order to align with the international carbon trading mechanism under Article 6.4, the EU and UK
certification schemes will need to align with the minimum standards outlined. We also note that this is a rapidly
developing area, where transparency of data and methods can support learning by doing. It is therefore good practice
that CFCF, ICVCM and Article 6.4 all build in flexibility, transparency and data sharing to update methods and
approaches. For the CRCF and the UK, this could be facilitated through an independent advisory body.

Article 6.4 and ICVCM are over-arching standards that simultaneously cover all CDR technologies with more detailed
methodology development to follow from Article 6.4 work. The VCM is already issuing credits for a broad range of
CDR technologies not covered yet by the EU CRCF methodologies. At the early stages of development of a new
market, simplicity and flexibility can support operability and rapid deployment and scale-up. On the other hand, narrow
approaches can risk entrenchment of poor practice, lack of comparability and a lack of a level playing field between
technologies. We recommend considering how methods and approaches apply to a broad range of CDR
technologies, even while developing methods specific to a few priority activities.

This comparative analysis of the CRCF to ICVCM and Article 6.4 against four assessment criteria: Additionality,
Baseline, Leakage and Permanence for BioCCS and DACCS found 14 of 20 sub-categories lacking alignment (amber
or red). Although the analysis found some areas of good practice, and where the risks to integrity are low even though
the requirements aren’t fully aligned, further areas have been identified where the EU-CRCF could be improved by
adopting higher integrity approaches of the ICVCM and Article 6.4. Key recommendations include calculation of a
project baseline (rather than assuming a zero baseline), a wider inclusion and assessment of leakage that occurs due
to market impacts, balancing the grid and detailed justification towards the approach chosen.

The UK has an ambition to be high integrity and therefore has an opportunity to adopt principles that are more robust
and detailed than the ICVCM, Article 6.4 and the CRCF, putting the UK at the forefront of credibility and raising
ambition globally.
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