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A. Summary

1. The period from the end of the first global stocktake (GST) at COP28 (2023) through to COP30 (2025)
is critical. During this time period we will learn the collective level of ambition of new climate targets,
whether countries have taken into account the outcomes of COP28 in formulating them, and whether
countries have put in place the domestic plans, legislation, finance and investment needed to
implement those new targets. In the context of the Paris Agreement’s ambition cycle, 2024-2025 are
crucial years for preparation, action, and enhanced international cooperation.

2. The GST decision from COP28 sets out a number of key, transformational global targets and signals to
Parties to: (i) inform their next nationally determined contributions (NDCs); and (ii) enhance
implementation and international cooperation.1 Parties were expected to communicate their NDCs
by February 10, 2025, with an end date of 2035.2 The GST signals form part of guidance and
requirements emanating from Paris to date,3 including that:

• Each Party’s successive NDC will represent a “progression” beyond its previous NDC and reflect
its “highest possible ambition," reflecting its common but differentiated responsibilities and
respective capabilities (CBDR-RC), in the light of different national circumstances4

• Parties “shall pursue domestic mitigation measures, with the aim of achieving the objectives” of
their NDCs5

• Parties include, as part of the information to facilitate clarity, transparency, and understanding of
NDCs:

1 This paper has benefited from the feedback, inputs, and insights from a number of experts, including Chris Neidl, 
Carbon Removals Lead, Climate Champions Team; Alexandra Deprez, Research Fellow, International Climate 
Governance, IDDRI; and Artur Runge-Metzger.  

May 29, 2025 Center for Climate and Energy Solutions1 
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o how the Party considers that its NDC is fair and ambitious in the light of its national 
circumstances6 

o how the NDC contributes toward 
o  achieving the objective of the Convention as set out in its Article 27 
o how the NDC is informed by the outcomes of the GST, in accordance with Article 4, paragraph 

9, of the Paris Agreement8 

• Parties come forward with ambitious, economy-wide emission reduction targets, covering all 
greenhouse gases, sectors and categories and aligned with limiting global warming to 1.5 degree 
C, as informed by the latest science, in the light of different national circumstances9    

• Parties commit to accelerate action in this critical decade on the basis of the best available 
science, reflecting equity and the principle of CBDR-RC in the light of different national 
circumstances and in the context of sustainable development and efforts to eradicate poverty10 

• Parties put in place new or intensify existing domestic arrangements for preparing and 
implementing successive NDCs11 

• Parties are expected to present their next NDCs at a special event to be held under the auspices 
of the United Nations Secretary-General.12 

3. In order to implement the GST targets and signals through enhanced NDC ambition and 
implementation, major barriers must be meaningfully addressed, turned into opportunities for 
enhanced international cooperation, and translated into development priorities and domestic 
policies.  

4. This paper focuses on the GST decision’s calls to Parties to:  

• “accelerat[e] zero- and low-emission technologies, including, inter alia, renewables, nuclear, 
abatement and removal technologies such as carbon capture and utilization and storage, 
particularly in hard-to-abate sectors, and low-carbon hydrogen production”13  

• “conserve[e], protect[] and restor[e] nature and ecosystems towards achieving the Paris 
Agreement temperature goal, including through enhanced efforts towards halting and reversing 
deforestation and forest degradation by 2030, and other terrestrial and marine ecosystems 
acting as sinks and reservoirs of greenhouse gases and by conserving biodiversity, while 
ensuring social and environmental safeguards, in line with the Kunming-Montreal Global 
Biodiversity Framework.”14,15 
 

5. Given their technological advancement and the expectation that scaling will reduce costs, this paper 
focuses on the acceleration of the development and deployment of carbon dioxide removal (CDR) 
approaches, which, as drawn from those two GST signals, includes both technological CDR16 and 
nature-based CDR.17  

6. According to the Intergovernmental Panel on Climate Change (IPCC), to have a reasonable chance of 
limiting warming to 1.5 degrees Celsius by the end of the century, fossil fuel use will need to be 
reduced drastically. CDR is needed to correct for expected residual greenhouse gas emissions from 
agriculture, to reduce carbon dioxide emissions from hard-to-abate industries like aviation, and to 

potentially counteract the risk of temperature overshoot through net-negative emissions.18 However, 
the feasibility of aiming to reverse overshoot through extensive CDR deployment is highly uncertain, 
due to technical, economic, and sustainability constraints and limits. The science therefore calls for 
minimizing dependence on CDR by accelerating steep, rapid, and sustained emission cuts. 
 

7. In the context of making the case for clear leadership to enable such action, this paper: 

• focuses on the acceleration of the development and deployment of CDR approaches  
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• sets out barriers and solutions, as identified by our work and others, that must be addressed and 
implemented to enable real action in 2025 with regards to CDR approaches19 

• sets out key capacity building and leadership considerations, how existing efforts can be 
effectively utilized, and key priorities for 2025-26. 

 
8. Parties have nevertheless not yet accelerated the energy transition to the global pace and scale 

necessary to achieve the goals of the Paris Agreement, despite repeated observations that shifting to 
renewable energy and increasing energy efficiency are “rational,” the “right economic choice,” “easy,” 
or “obvious.”20 First, global production and use of fossil fuels has not declined. Second, some Parties 
may significantly increase their renewable energy capacity and continue to use—or even increase 
their use of—fossil fuels. It is essential to understand the reasons for this and address them. 

9. Many of the obstacles to accelerating the development and deployment of CDR approaches, 
including technological and nature-based CDR, can largely be boiled down to five immediate 
challenges:  

• lack of understanding of what CDR is and divergent views on the need to start accelerating CDR 
deployment today21 

• evolving market-based CDR policy frameworks 

• insufficient access to means of implementation, such as finance and technology, as well as lack 
of institutional capacity and governance challenges, especially in developing countries 

• land use tradeoffs and feasibility limitations, especially for afforestation/reforestation, which 
can compete with other productive land uses and urbanization 

• insufficient industrial and clean energy infrastructure to enable technologically based removal 
activity22 and long lead times to obtain permits and to build this infrastructure.23 

 
10. Parties must respond quickly and tangibly in order to accelerate the development and deployment 

of CDR approaches. Several solutions and opportunities exist to help overcome these challenges. At 
the same time, clear leadership that is inspiring, inclusive, respects the nationally determined nature 
of NDCs and meets Parties and NPS where they are in terms of capacity, is essential. Enhanced 
international cooperation is vital to move from incrementalism to transformative levels of action in 
2025 and beyond. 

 
 
The GST decision sets out critical mitigation targets and signals.24 The achievement of no one signal or 
target alone will result in the deep, rapid, and sustained reductions in greenhouse gas emissions in line 
with 1.5 degree C pathways.  
 
To accelerate the development and deployment of CDR approaches, Parties could usefully support a 
dedicated, inclusive “umbrella” international cooperative initiative to drive enabling conditions 
applicable to all CDR approaches for their integration across sectors, as relevant. For example, this 
overarching initiative could consolidate and build on the work of: (i) international governmental 
organizations (IGOs), such as the International Energy Agency (IEA), the International Renewable Energy 
Agency (IRENA), the G7, and the G20; (ii) United Nations (UN) agencies, such as the UN Environment 
Programme (UNEP), the Technology Executive Committee (TEC) at the UN Framework Convention for 
Climate Change (UNFCCC), and the UN Industrial Development Organization (UNIDO); (iii) voluntary 
initiatives, such as Mission Innovation (MI) CDR Mission and the Carbon Management Challenge (CMC); 

and (iv) non-Party stakeholders (NPS) (see “Annex IV: Examples of Effective Policies and Programs 
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for CDR Development and Deployment” for more detail on NPS-led CDR efforts). The Troika of COP 
Presidencies, as a leader on ambition, and Brazil, as COP30 Presidency, could invite these organizations 
and stakeholders to work together, based on their expertise, through dedicated workstreams that 
would address specific barriers and enablers.  
 
The workstreams for this cooperative initiative could focus on catalyzing the following enabling 
conditions: 

• Enabling condition 1: For countries that intend to rely on CDR to achieve their NDCs, establish CDR 
targets aligned with long-term low greenhouse gas emissions development strategies (LT-LEDS), 
and a roadmap by CDR approach for their achievement, while ensuring the primacy of emissions 
reductions and that sustainability limits are not crossed. 

• Enabling condition 2: Develop a CDR cross-sectoral policy landscape for greater market 
transparency and investments at scale, aiming to achieve NDC targets. 

• Enabling condition 3: Provide socio-political support toward public acceptance of CDR approaches 
for CDR uptake in local contexts. 

• Enabling condition 4: Leverage existing UNFCCC workstreams and climate cooperative initiatives 
for capacity building and enhanced international cooperation to enable sectoral integration of CDR 
approaches. 

 
The Presidency Troika’s leadership approach, including Mission 1.5, provides a unique opportunity to 
set out a new model for collaborative leadership. Building on the GST targets and signals from the UAE 
Consensus, COP30 in Belém must reflect on the level of ambition presented by the NDCs and set the 
new direction as we head toward the end of this critical decade.  
 

 

Questions for Consideration 

• How are Parties planning to take forward the GST signals that relate to the acceleration of the 
development and deployment of CDR approaches? How do they intend to reflect this in new 
NDCs, or future updates of submitted NDCs, including through the provision of information to 
facilitate clarity, transparency and understanding? 

• How can Parties best be supported in efforts to accelerate development and deployment of 
CDR approaches? 

• How can Parties balance the acceleration of CDR approaches while also prioritizing emissions 
reductions at speed and scale? 

• What is the plan to enhance international cooperation on the acceleration of the development 
and deployment of CDR approaches? 

 
 

B. Context 

11. The GST is a key part of the Paris Agreement’s “ambition cycle.”25 Parties to the Paris Agreement are 
required to undertake a GST every five years “to take stock of the implementation of this Agreement 
to assess the collective progress towards achieving the purpose of this Agreement and its long-term 
goals. It shall do so in a comprehensive and facilitative manner, considering mitigation, adaptation 
and means of implementation and support, and in light of equity and the best available science.”26 
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12. The outcome of the GST shall inform Parties in: (i) updating and enhancing, in a nationally determined 
manner, their actions and support (including their NDCs); and (ii) enhancing international cooperation 
for climate action.27 The GST outcome also reaffirms sustainable and just solutions founded on 
meaningful, inclusive participation of all stakeholders and underlines that just transitions can support 
more robust and equitable mitigation outcomes.28 

13. Parties were encouraged to communicate their NDCs by February 10, 2025, with an end date of 
2035.29 There are guidance and requirements for their NDCs that have been set out by Parties from 
Paris through to COP28 (see “Summary” above).  
 

14. CDR refers to “anthropogenic activities that remove carbon dioxide from the atmosphere and store it 
durably in geological, terrestrial, or ocean reservoirs, or in products. It includes existing and potential 
anthropogenic enhancement of biological, geochemical, or chemical carbon dioxide sinks, but 
excludes natural carbon dioxide uptake not directly caused by human activities.”30 For a more detailed 

definition of CDR approaches, please see “Annex I: Understanding Carbon Removal and 
Management Approaches.” 
 

15. As of September, 2024, 148 countries have set net-zero targets that are likely to rely on CDR to some 
extent.31 However, according to the October 2024 NDC Synthesis Report, only 50 percent of Parties 
have provided information on long-term mitigation visions, strategies, and targets up to and beyond 
2050 in their NDCs.32 The few references to removal projections in Parties’ NDCs are for the most part 
not quantified removal targets, beyond bulk estimates in the Agriculture, Forestry and Other Land 
Use (AFOLU) sector, and provide little specificity as to which CDR approach would be used and when.33 
For example, 80 percent of NDCs cover AFOLU, but mitigation outcomes from emissions reductions 
and CDR are largely not identified separately.  

16. Of the LT-LEDS that countries have voluntarily submitted up to September 2023, 56 percent described 
long-term mitigation goals in terms of net-zero greenhouse emissions, while 4 percent referred to 
net-zero carbon dioxide emissions.34 87 percent of LT-LEDS referred to a role for increased forest area 
by afforestation and reforestation activities to achieve long-term low-emission targets. While these 
long-term visions imply some level of CDR, only 41 percent showed the level of removals in long-term 
emissions projections.35 There is no clear UNFCCC guidance on how Parties should reference or track 
CDR in NDCs and LT-LEDS. 

17. The years 2024-2025 are crucial to take forward the GST targets and signals, translating them into 
effective domestic policies and measures as well as enhancing international cooperation on climate 
action. The moment of truth as to whether the GST, in the wider context of the Paris Agreement’s 
ambition cycle, will have succeeded in increasing ambition will be in 2025 when new NDCs must be 
tabled by all Parties. The collective impact of these will be set out in a synthesis report to be made 
available ahead of COP30.36 Furthermore, COP30 in Belém should not be seen as a cliff edge; it will 
need to set out the world’s response to level of ambition that countries have come forward with. 

Accelerating Development and Deployment of CDR Approaches: From Incremental to 
Transformational Change  

18. According to the IPCC, to have a reasonable chance of limiting warming to 1.5 degrees Celsius by the 
end of the century, fossil fuel use will need to be reduced drastically. In pathways that limit warming 
to 1.5 degrees C with no or limited overshoot—even with assuming significant use of technologies like 
CDR—global use of coal must fall by 95 percent by 2050, oil by about 60 percent, and gas by about 45 
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percent. CDR is needed to correct for expected residual greenhouse gas emissions from agriculture, 
to reduce carbon dioxide emissions from hard-to-abate sectors like aviation, and potentially to 

counteract the risk of temperature overshoot through net-negative emissions.37  

  
19. It is important to note that the feasibility of aiming to reverse overshoot through extensive CDR 

deployment is highly uncertain, due to technical, economic, and sustainability constraints and limits.38 
The science therefore calls for minimizing dependence on CDR by accelerating steep, rapid, and 
sustained emission cuts from decarbonization, including by implementing the targets and signals of 
the GST, such as transitioning away from fossil fuels, tripling renewables, doubling energy efficiency, 
and halting and reversing deforestation by 2030.39 

20. Several countries, including each of the Troika of COP Presidencies, have launched economic 
diversification strategies and foreign direct investment goals to move away from fossil fuel production 
economic dependency, where investments in technological and nature-based removals are 
sometimes referenced. For example, the United Arab Emirates (UAE)’s diversification plans40 connect 
to its 2024 NDC 3.0, reiterating the country’s commitment to ‘net negative emissions’ after reaching 
net zero by 2050.  

21. UAE’s current NDC points to investments in mangrove afforestation, microalgae growth. and direct 
air carbon capture and storage (DACCS), among other CDR approaches toward an interim 2035 
removal target of 9.3 MtCO2-e.41 Azerbaijan has focused on a green transition through renewable 
energy and investment in low-carbon technologies, without specific mention to CDR; Brazil has 
launched a bioeconomy strategy, including nature-based CDR.42     

22. Brazil’s strategy includes an emissions trading system (ETS), launched in 2024, with offsetting 
flexibility, which facilitates the use of carbon credits in meeting its decarbonization goal. This flexibility 
in its ETS design is part of the national strategy to maximize Brazil’s high potential for removals, 
especially land-based CDR, BECCS,43 and biochar,44 reflected as removals from the AFOLU sector in 
Brazil’s NDC 3.0.45  

23. Globally, CDR deployment is below what is needed to achieve net zero by 2050. The “State of Carbon 
Dioxide Removal,” a global, independent scientific assessment of CDR, notes that current CDR is 
around 2 GtCO2/year. Despite the fact that only 0.1 percent—or 0.0013 Gt—of removal is from novel 
methods, these methods are growing more rapidly than conventional approaches.46 The authors of 
the first two “State of Carbon Dioxide Removal” reports—largely IPCC authors—are developing open 
CDR databases and producing a scientific assessment of us of CDR in the upcoming round of NDCs. 
The new report will include recommendations on enhancing international cooperation.47 
 

24. According to the IEA,48 neither carbon capture usage and storage (CCUS) as a broader category of 
carbon management technologies, nor BECCS or DACCS as specific novel CDR approaches within CCUS 
are on track, with BECCS49 falling behind DACCS50 in a net-zero emissions by 2050 scenario.51 (Please 

refer to “Annex I: Understanding Carbon Removal and Management Approaches” for more 
detail on these technology categories.) Recent indications may show that CDR approaches that are 
part of CCUS are headed in the right direction, however.52  
 

25. On nature-based conventional CDR, UNEP shows that by 2030, reforested land area would need to 
increase by 77 percent relative to 2024, while a more than ten-fold increase is needed in peatland and 
mangrove restoration. Data to track agricultural CDR solutions is insufficient.53 
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26. In the UNFCCC, the UN Climate Change High Level Champions (HLCs), who connect the work of Parties 

with the main voluntary and collaborative actions taken by cities, regions, businesses, and investors, 
established a global “breakthrough”54 target for CDR. Breakthroughs are moments that mark a 
significant advance in the transformation of an economic sector or natural system. To catalyze 
systems’ transformation carbon dioxide removals are responsibly scaled to remove 3.5 billion tonnes 
of carbon dioxide per year by 2030. 500 million tonnes of this must be stored for at least 100 years (3 
billion tonnes per year of carbon dioxide is stored for decades to centuries). 
 

27. The tracking of progress in the development and deployment of CDR approaches depends on several 
factors: the reference CDR scenario; the capacity to address quantification and reporting challenges 
for each approach in that scenario; and the limits to implementation imposed by safeguards and 

sustainability considerations. See “Annex III: Existing Efforts to Enhance CDR Accounting and 
Scenarios for Progress Tracking” Annex III: Existing Efforts to Enhance CDR Accounting and 
Scenarios for Progress Trackingfor more detail on efforts at the UNFCCC and in the broader climate 

ecosystem to enhance CDR accounting and reference scenario development for progress tracking.  

28. In recognition of the need for deep, rapid, and sustained reductions in greenhouse gas emissions in 
line with 1.5 degree C pathways, the COP28 GST decision called on Parties to contribute to, in a 
nationally determined manner, accelerating zero- and low-emission technologies, particularly in hard-
to-abate sectors, and enhancing terrestrial and marine ecosystems acting as sinks and reservoirs of 
greenhouse gases. Read together, these signals support the acceleration of the development and 
deployment of CDR approaches, including technological and nature-based CDR. 

Barriers and Solutions to Accelerating the Development and Deployment of CDR Approaches 

29. Despite repeated observations and exhortations by some that shifting to renewable energy and 
increasing energy efficiency is “rational,” the “right economic choice,” “easy,” or “obvious,” Parties 
have nevertheless not yet accelerated the energy transition to the global pace and scale necessary to 
achieve the goals of the Paris Agreement. First, global production and use of fossil fuels has not 
declined. Second, some Parties may significantly increase their renewable energy capacity and 
continue to use fossil fuels, with their use increasing in some cases.55 It is essential to understand and 
engage with the reasons for this. 

Barriers  

30. Parties still face a number of regulatory, economic, social, and technological barriers to accelerating 
the development and deployment of CDR approaches. For these technologies to be cost competitive 
in the 2030s, research, development, and demonstration (RD&D) and pilot projects for novel CDR 
approaches are needed in this decade.  

31. However, the foremost barrier has been the ongoing debate over the extent to which CDR will and 
should play a role in net-zero scenarios. A key concern is that anticipated reliance on CDR approaches 
could divert efforts away from achieving needed early emissions reductions, locking in fossil fuel 
infrastructure and high greenhouse gas emitting practices.56 Some opponents stress the 
uncertainties—for instance, the permanence of removals—associated with CDR technologies. Some 
emphasize the need to ensure investment in removals do not undermine investments in more cost-
effective, rapid emissions reductions needed in this critical decade, such as generated by renewable 
energy and energy efficiency solutions. Research shows the need to provide clarity and confidence on 
how carbon removals differ from emissions reductions, so as to keep the latter in focus and address 
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technical knowledge gaps for building systems that can support the development of CDR 
approaches.57 

32. As identified by C2ES,58 the GST’s Technical Dialogue Synthesis report,59 and other sources, other 
challenges include: 

• a lack of understanding of what CDR is, how it differs from emissions reductions, and the potential 
for emissions reductions to be deemphasized (deterrence risks)60 

• a lack of capacity for the design and modelling of different CDR pathways and approaches based 
on durability, readiness, affordability, and investment timeline  

• underdeveloped and evolving market-based CDR policy frameworks and legal ownership 
instruments for removal units 

• lack of: access to finance, including start-up, infrastructure, or adaptation finance to address high 
upfront capital costs; technology transfer; and institutional or regulatory capacity as well as 
governance challenges, especially in developing countries 

• land-use tradeoffs or conflicts, as well as sustainability and feasibility limitations, especially for 
afforestation/reforestation, such as competition with other valuable or productive land use and 
urbanization, reinforced by: 

o pressures from large-scale commodity production and extractive industries, as well 
commodity demand from developed countries  

o issues of land rights, institutional fragmentation, under-resourcing of services, and 
reactive governance across competing policy domains 

• technological CDR infrastructure bottlenecks, including access to clean energy sources61 and long 
lead times to obtain permits to build and operate this infrastructure62 

• lack of economic incentives to shift away from high-emission activities, either because of existing 
subsidies and the lack of taxes or emissions limits, or insufficient economic incentives for CDR 
implementation as a revenue-generating alternative to high-emissions activities63  

• permitting and other regulatory hurdles 

• the need for greater public acceptance of technological CDR given perceived tradeoffs with the 
Sustainable Development Goals (SDGs).64 

Solutions  

33. A number of high-impact solutions and opportunities to address key challenges have been identified 
through efforts across different fora. The following list draws from C2ES’s work, as well as the HLCs 
2030 Climate Solutions:65 

Actions, solutions, and enablers for the acceleration of development and deployment of CDR approaches 

34. Redirecting funding from fossil fuel subsidies and investments, carbon pricing instruments,66 and 
canceled debt payments to finance the creation and implementation of national just energy 
transition funds and plans (Source: C2ES) 

35. Conducting extensive consultation campaigns involving all affected stakeholder to facilitate public 
acceptance and buy-in from different sectors (Source: C2ES) 

36. Facilitating capacity building for workforce development and regulatory/governance bodies within 
the renewable energy sector (Source: 2030 Climate Solutions), since the availability of renewables is 
a condition for making energy intensive CDR solutions viable. 

37. Ensuring opportunities for community ownership of CDR technologies and facilitating efforts to 
ensure a just and well-managed transition of skills and expertise into new jobs in the emerging 
carbon removal sector (Source: 2030 Climate Solutions) 
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• Providing updated assessments on the state of individual CDR methods regarding costs, potentials, 
hazards, co-benefits, technology readiness, potential, and other factors (Source: 2030 Climate 
Solutions) 

• Designing policy instruments and evaluation criteria in areas such as monitoring, reporting, and 
verification (Source: 2030 Climate Solutions) 

• Establishing public-private partnerships that can scale up the technology faster, provide the 
necessary funding for RD&D activities, create demand for carbon removals through procurement 
programs, and facilitate stakeholder engagement activities (Source: 2030 Climate Solutions) 

• Assembling a more complete picture of research and innovation across countries and methods, 
similar to the process followed by the IEA for energy RD&D and by IRENA for tracking renewable 
projects and their pipelines (Source: 2030 Climate Solutions) 

• Ensuring policy support mechanisms evolve beyond RD&D to cultivate market acceptance and 
address the unique challenges that early CDR adopters face in demonstrating the commercial 
viability of new technologies and approaches (Source: C2ES)67  

 

38. The HLCs and the Marrakech Partnership for Global Climate Action identify impactful climate 
solutions and opportunities for international cooperation.68 At COP28, in the context of the conclusion 
of the GST and building on prior work, the HLCs presented the 2030 Climate Solutions—an 
Implementation Roadmap that sets out solutions framed in specific actions, with insights from a wide 
range of NPS on effective measures being undertaken that need to be scaled up and replicated as well 
as current gaps that need to be bridged.69 The 2030 Climate Solutions recommend key actions and 
means of implementation for achieving key targets for clean power by 2030.70 These 
recommendations overlap with high-impact opportunities and solutions to address barriers to 
accelerating CDR, as also identified in work by C2ES.71 

 

C. Leadership for Accelerating Development and Deployment of CDR 
Approaches 

39. As an outcome of the UAE Consensus, the COP28 Presidency (UAE) has been working together with 
the Azerbaijan (COP29) and Brazil (COP30) Presidencies to drive ambitious collective action, including 
through the “Roadmap to Mission 1.5C,” an initiative to significantly enhance international 
cooperation and the international enabling environment to stimulate ambition in the next round of 
NDCs. This configuration has been called “the Troika.” The Troika, together with the G7 and G20 and 
including through the Roadmap to Mission 1.5C, broadly seek to drive ambition and enhanced 
international cooperation. 

40. There have largely been no coordinated efforts to make progress on the GST signals that relate to the 
acceleration of the development and deployment of CDR approaches. Current work has incrementally 
focused on understanding and overcoming challenges related to strategy and implementation. These 
challenges include: CDR accounting (quantification and reporting), including CDR-specific safeguards 
and sustainability considerations that are not fully developed nor standardized under the UNFCCC; 
the extent to which CDR plays a role in global mitigation pathways; and the tracking of CDR.  

41. Since CDR encompasses different sector-specific approaches and technologies, best practice guidance 
is found across different organizations focusing on specific sectors, including IGOs, country-led 
coalitions, public-private cooperative initiatives, and jurisdictions. There are several actors that have 
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engaged with CDR in different applications. These efforts could be coordinated to support CDR 
approaches across sectors. 

42. In the broader climate ecosystem, the Mission Innovation (MI) CDR Mission was launched as a 
country-driven climate cooperative initiative at COP26 to accelerate innovation of technologies for 
CDR specifically, including in the AFOLU sector, toward enabling 100 million tonnes of technological 
CDR per year by 2030.72 It has nine country participants engaging with NPS on the mission including 
through innovation prizes and targeted campaigns.73 While focused on innovative or novel CDR 

approaches (see “Annex II: Characteristics of Different Carbon Dioxide Removal Solutions and 
the Importance of Enabling Conditions for Sectoral Integration” for more detail on CDR 
categories), the MI CDR Mission provides a data visualization tool on biogenic CDR potential including 
in the forestry sector, providing valuable information for nature-based conventional CDR approaches 
such as afforestation/reforestation.  

43. The Carbon Management Challenge (CMC) was launched ahead of COP28 as a country-driven climate 
cooperative initiative to scale carbon capture and storage technology associated to both emissions 
reduction and removal activities. It aims to advance a pipeline of carbon management projects by 
2030, that will manage 1 Gt of carbon dioxide or more annually when fully operational.74 The CCS 
Institute acts as secretariat of the CMC coordinating 23 country participants around finance, 
deployment and engagement workstreams. The CMC works with the Clean Energy Ministerial (CEM) 
CCUS Initiative and MI CDR Mission, seeking to engage with NGOs, industry and finance entities, 
international organizations and research institutions.75 

44. The IEA is tracking progress on the transition away from fossil fuels in energy systems so as to achieve 
net zero by 2050, which was set out in paragraph 28 of the GST decision.76,77 The tracker, based on 
the IEA’s Net Zero Emissions by 2050 Scenario and the latest data analysis, shows where the world 
currently stands in relation to these objectives, as well as where it would need to be in 2030 to meet 
them. Pathways for BECCS and DACCS and are embedded in the IEA net-zero scenario and are being 
tracked as part of the GST outcome.  

45. Focused on tracking the tripling of renewable capacity GST target, IRENA has issued several 
publications on CDR technologies and their role alongside renewables in the deep decarbonization of 
energy systems.78 

46. Given their competitive advantage on several CDR approaches, G7 countries could signal their 
engagement in enhancing the development of CDR approaches in both developed and developing 
economies, including during Canada’s 2025 Presidency. Canada recently announced a more than CAD 
9.5 million investment in innovative carbon management technologies, including DACCS and BECCS,79 
and is well positioned to become a leader in supplying technological CDR solutions. Other G7 countries 
are poised to lead in CDR deployment. The United States and Switzerland have been recognized as 
leaders in DACCS project capacity; Sweden and Denmark are leaders in BECCS.80 On the demand side, 
the United States, the UK, and Norway are primary durable CDR buyers based on 2024 market data.81 
 

47. G20 countries also have significant CDR potential, particularly in the AFOLU and energy sectors.82 
South Africa as G20 Presidency in 2025 could provide CDR a space in the agriculture, energy transitions 
and environment, or climate sustainability working groups.83   
 

48. The above reflects the need for focused leadership to specifically drive progress on the acceleration 
and deployment of CDR approaches.  
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2025 CDR-related Events 

49. Energy-related organizations, coalitions, and initiatives may meet or engage on CDR approaches at a
number of high-level clean energy or energy innovation-related events for 2025. These events include:

JANUARY 
11–13 January, Fifteenth Session of the IRENA Assembly 

15 January, International Emissions Trading Association (IETA) Middle East and North Africa (MENA) 
Carbon Market Dialogue (Abu Dhabi, UAE) 

14–16 January, Abu Dhabi Sustainability Week - World Future Energy Summit (Abu Dhabi, UAE) 

FEBRUARY 

6 February, The Economist 1st annual Carbon Capture and Storage Summit (Amsterdam, 
Netherlands) 
11 February, Pathway to NDC 3.0 (virtual) 

11–13 February, World Governments Summit (Dubai, UAE) 

• Troika event on transforming climate ambition and implementation

25–27 February, CLIMIT Summit 2025 (Larvik, Norway) In partnership with Mission Innovation CDR 

21–28 February, Oman Climate Week (Muscat, Oman) 
MARCH 

6–7 March, Powering Africa Summit (Washington, DC) 

7 March, The Role of Non-Party Stakeholders in Shaping NDCs 3.0 in the Caribbean (virtual) 

17 March, Global Direct Air Capture Conference (New York, NY, USA) 

24–26 March, Peterberg Dialogue (Berlin, Germany) 

25–27 March, Ocean Vision Biennial Summit 2025 (Vancouver, Canada) Focusing on marine CDR 

APRIL 
1 April, NDC 3.0 Enhanced Ambition and Needs (virtual) 

1–3 April, IETA European Climate Summit (ECS) 2025 (Lisbon, Portugal) 

1–2 April, The BioCCUS Conference 2025 (Stockholm, Sweden) Hosted by Klimpo 
8 April, Americas Forum on Carbon Capture and Storage (Washington DC, USA) Organized by the 
Global CCS Institute and the Embassy of Canada on financing, national strategies and policies 

8 April, ClimateHack Zürich: Beyond the Hype: Is Carbon Removal Delivering? 

21–24 April, Global Biochar Exchange 2025 (Nagoya City, Japan) Organized by the International 
Biochar Initiative 

21–26 April, World Bank and International Monetary Fund Spring Meetings (Washington, DC) 

30 April, Carbon Catalyst (Calgary, Canada) Organized by the Pembina CDR Centre 
MAY 

13–15 May, S&P Global Carbon Management Americas 2025 (Denver, USA) 

19–23 May, UNFCCC Climate Week Panama (Panama City, Panama) 

• 19-20, Fifth global dialogue and investment-focused event under the Sharm el-Sheikh
Mitigation Ambition and Implementation Work Program

• 22-23, Third Dialogue under the United Arab Emirates Just Transition Work Program

• NDC Clinics
20–21 May, Carbon Unbound 2025: Accelerating Gigaton-Scale carbon Dioxide Removal (New York, 
USA) A CDR Business Summit 

27-28 May, SDG-Climate Synergies Conference (Copenhagen, Denmark)

JUNE 
3 June, C-Carbon Carbon Removal Investment Summit (London, UK) Focusing on data modelling 
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16–26 June, SB60 (Bonn, Germany) 

• Annual GST NDC dialogue
10–12 June, Innovate4Climate (I4C) 2025 (Seville, Spain) Organized by the World Bank, in collaboration 
with the International Carbon Action Partnership and International Emissions Trading Association 

10–13 June, International Energy Workshop (IEW) 2025 (Nara, Japan) Organized by the Research 
Institute of Innovative Technology for the Earth (RITE) 
11–13 June, IEA Xth Annual Global Conference on Energy Efficiency (Brussels, Belgium) Just energy 
transition will be a focus of this conference 

15–17 June, G7 Summit (Kananaskis, Alberta, Canada) 

21–29 June, London Climate Action Week (London, UK) 

10–13 June, International Energy Workshop (IEW) 2025 (Nara, Japan) Organized by the Research 
Institute of Innovative Technology for the Earth (RITE) 

JULY 
8–10 July, IETA Asia Climate Summit (ACS), Bangkok, Thailand 

TBD, UNFCCC Ministerial on Climate Action (MoCA) (TBD) 

AUGUST 
23–29 August, Rio Climate Action Week (Rio de Janeiro, Brazil) 

25–27 August, Clean Energy Ministerial and Mission Innovation (CEM16-MI10) Ministerial Meeting 
(Busan, South Korea) 

26–28 August, IETA Latin America Climate Summit (LACS) 2025 (Sao Paulo, Brazil) 

SEPTEMBER 

1–5 September, UNFCCC Climate Week Ghana (Accra, Ghana) (TBC) 

2–3 September, Carbon Capture Global Summit 2025 (London, UK) Focusing on CCUS 
18 September, G20 Agriculture Working Group Ministerial Meeting (Somerset West, South Africa) 

10–24 September, UN General Assembly (New York, NY) 

21–28 September, NY Climate Week (New York, NY) 

23-25 September, IETA North America Climate Summit (NACS) 2025 (New York, USA)
23 September, G20 Research and Innovation Working Group Ministerial Meeting (Pretoria, South 
Africa) 

26 September, G20 Energy Transitions Working Group Ministerial Meeting (Kruger National Park, 
South Africa) 

29 September-3 October, Baku Climate Action Week (Baku, Azerbaijan) 

30 September to 3 October, Xth Latin America and the Caribbean Energy Week (Xma Semana de la 
Energia, OLADE) (Santiago, Chile)  

OCTOBER 

7–9 October, NDCs 3.0 Regional Forum for Africa (Kigali, Rwanda) 

14–15 October, Pre-COP (Brasilia, Brazil) Troika of COP Presidencies High-level Dialogue to focus on 
NDC ambition and implementation to date 

NOVEMBER 

10–21 November, COP30 (Belem, Brazil) 

• High-level ministerial roundtable for the Mitigation Work Program.

• High-level ministerial roundtable for the United Arab Emirates Just Transition Work Program

• UAE Dialogue

22–23 November, G20 Summit (South Africa) 

DECEMBER 

1–12 December, Seventh UN Environment Assembly (UNEA-7) (Nairobi, Kenya) 
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Capacity Building and Support for the Development and Deployment of CDR Approaches and 
NDCs 

50. Other initiatives can provide critical capacity-building support for the development of climate policy 
and NDCs. One key initiative is UN Development Programme (UNDP)’s Climate Promise.84 Climate 
Promise leverages Parties’ NDCs and brings together UNDP’s infrastructure, networks and breadth of 
substantive offers to provide comprehensive support on NDC implementation. UNDP provides 
support to help countries take bold action to reduce their emissions, increase their resilience to 
climate impacts and support sustainable development priorities. 

51. In April 2024, UNDP unveiled the next stage of Climate Promise, Climate Promise 2025, which supports 
countries in developing and delivering their pledges and draws on UNDP’s newly established Climate 
Hub.85 Climate Promise 2025 links climate diplomacy and thought leadership with climate action and 
sustainable development at national and local levels to align the next generation of NDCs with the 
Paris Agreement goals.  

52. Another key initiative is the NDC Partnership.86 Leveraging more than 240 members and more than 
80 institutions, the Partnership responds to requests for support needed to translate identified NDC 
implementation priorities into actionable policies and programs. Based on these requests, the 
membership offers a tailored package of expertise, technical assistance, and funding. This 
collaborative response provides developing countries with efficient access to a wide range of 
resources to adapt to and mitigate climate change and foster more equitable and sustainable 
development. 

53. In June 2024, the NDC Partnership and the UNFCCC secretariat launched the NDC 3.0 Navigator. 
The NDC 3.0 Navigator is an interactive tool designed to support countries in raising NDC ambition 
and accelerating the implementation of the next round of NDCs. It brings together expert-created 
strategies, resources, and country insights to support countries in updating their NDCs.87 The NDC 
Navigator sets out tools and strategies to translate “global efforts” to rapidly scale up the deployment 
of existing technologies and to foster the innovation and the development and transfer of new 
technologies into national efforts.”88 Useful related resources include the CCS Institute’s assessment 
of how carbon management (including both emissions reductions and CDR solutions) is referred to in 
current NDCs and in recommendations for NDCs 3.0.89 

54. Within the UNFCCC, the Technology Executive Committee (TEC), as the policy arm of the Technology 
Mechanism, also provides important capacity building support. TEC focuses on identifying policies 
that can accelerate the development and transfer of low-emission and climate resilient technologies. 
TEC developed a policy brief with the United Nations Industrial Development Organization (UNIDO) 
to provide concrete policy and technology options to reduce emissions from hard-to-abate industries 
and with a view to advance the inclusion of those industries in updated NDCs.90  
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Recommendations 

55. The GST decision sets out critical mitigation targets and signals.91 The achievement of no one signal 
or target alone will result in the deep, rapid, and sustained reductions in greenhouse gas emissions in 
line with 1.5 degree C pathways.  

56. To accelerate the deployment of CDR approaches at large, international cooperation is needed to 
establish clear, interoperable, and cross-cutting CDR policy frameworks to enhance investments and 
accelerate project development of different kinds of CDR activity depending on local circumstances 

and competitive advantages (see “Annex II: Characteristics of Different Carbon Dioxide Removal 
Solutions and the Importance of Enabling Conditions for Sectoral Integration” for more 
information). There is still a significant need to deepen understanding of CDR, how to account for it, 
the relevance of different approaches in global and national mitigation pathways, and incentives for 
their development.  

57. Given these challenges, Parties could usefully support a dedicated, inclusive “umbrella” 
international cooperative initiative to drive enabling conditions applicable to all CDR approaches 
for their integration across sectors, as relevant.  

58. For example, this overarching initiative would consolidate and build on the work of: (i) IGOs (e.g., IEA, 
IRENA, the G7, and the G20); (ii) UN agencies (e.g., UNEP, the TEC at the UNFCCC, and UNIDO); (iii) 

voluntary initiatives such as MI CDR Mission and the CMC; and (iv) NPS (see “Annex IV: Examples of 
Effective Policies and Programs for CDR Development and Deployment” for more detail on NPS-
led CDR efforts). The Troika of COP Presidencies, as a leader on ambition, and Brazil, as COP30 
Presidency, could invite these organizations and stakeholders to work together, based on their 
expertise, through dedicated workstreams that would address specific barriers and enablers.  

59. Such an international cooperative initiative could effectively guide workstreams focused on catalyzing 
the following enabling conditions: 

• Enabling condition 1: For countries that intend to rely on CDR to achieve their NDCs, establish 
CDR targets that are aligned with LT-LEDS and a roadmap by CDR approach for their achievement, 
while ensuring the primacy of emissions reductions and that sustainability limits are not crossed  

• Enabling condition 2: Develop a CDR cross-sectoral policy landscape for greater market 
transparency and investments at scale, to help achieve NDC targets 

• Enabling condition 3: Provide socio-political support toward public acceptance of CDR 
approaches for CDR uptake in local contexts 

• Enabling condition 4: Leverage existing UNFCCC workstreams and climate cooperative initiatives 
for capacity building and enhanced international cooperation to enable sectoral integration of 
CDR approaches. 
 

Enabling Condition 1: For countries that intend to rely on CDR, Establish CDR Targets in NDCs 
Aligned with LT-LEDS and a Roadmap by CDR Approach 

60. In the context of a broader mitigation and a just transition strategy, Parties could establish one or 
more separate CDR targets as part of their NDCs, aligned with their LT-LEDS, working with capacity 
building initiatives and the IPCC on overcoming quantification challenges as needed.92 CDR targets 
(distinct from emissions reduction targets) can focus mitigation efforts on removals while still 
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prioritizing emissions reductions.93 An LT-LEDS-aligned roadmap for the achievement of CDR targets—
differentiated by removal activity type—would also help send clear signals to investors and financial 
institutions involved in project implementation requiring infrastructure development with longer lead 
times.94  

 
61. Under this condition, CDR targets would consider the comparative advantages of national and 

regional natural resource and infrastructure in the selection of CDR approaches and their 
implementation roadmap. A roadmap would indicate an estimate of the order and means of 
implementation needed for different CDR solutions, in light of their marginal abatement cost curves 
(that is, the cost of reducing or removing a ton of carbon dioxide equivalent).95 These marginal 
abatement cost curves would have to consider sustainability risks, which limit the amount of feasible 
CDR, and just transition opportunities (that is, potential environmental and socio-economic net 
benefits, for example, related to economic diversification and the workforce) of CDR project 
deployment.  
 

62. CDR targets should also consider prioritizing CDR approaches that durably counterbalance residual 
emissions that are truly hard to abate and enable net-negative emissions in the case there is 
overshoot.96 For example, a CDR hierarchy would address the risk that CCS, as a subset of CDR 
technologies, is not used for emissions reductions that lock-in fossil-fuel emitting infrastructure.97 It 
would also address the risk of overreliance on removals in the AFOLU sector given the challenges of 
accounting for land-based carbon uptake in national greenhouse gas inventories.98  

 

Enabling Condition 2: Develop a CDR Cross-sectoral Policy Landscape 

63. Cross-cutting, inclusive leadership should support the development of more comprehensive CDR 
cross-sectoral policy that is more comprehensive and work to harmonize the landscape to provide 
more certainty and make information available. Developing the CDR cross-sectoral landscape means 
fostering the design of cross-sectoral supply- and demand-side policies and programs that increase 
the transparency of CDR activities, including verifiable information and business models to decrease 
the risk of investing in innovative CDR approaches and clear frameworks that reward investors. There 
are several policies and programs that provide additional incentives and guidance on CDR investments 
and related claims. These, however, do not generally encompass all kinds of CDR approaches. (Please 

refer to “Annex IV: Examples of Effective Policies and Programs for CDR Development and 
Deployment” for more information on these policies and programs). 

Enabling Condition 3: Provide Socio-political Support toward Public Acceptance of CDR 
Approaches 

64. Governments can promote broader acceptance of CDR approaches by making real economic 
diversification opportunities that enable just transition objectives across diverse sectors. CDR 
deployment could be tied to the delivery of net-positive sustainable development impacts. Policy 
guidance can enable project developers and local governments to support biodiversity conservation, 
community benefit plans, skills transfer, and workforce buildout, especially in the Global South.99 For 
example, the mutual benefits of involving indigenous peoples and local communities are widely 
recognized by project developers, especially in the AFOLU sector.  
 

65. Currently, there is a lack of research on the local impact of CDR approaches, especially when it comes 
to CDR technologies. Governments could commit to gather more evidence on CDR perceptions across 
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geographies. There are few studies on CDR perceptions from Africa, South/Central America, or Pacific 
countries other than Australia and New Zealand, despite high CDR potentials in these regions. There 
are even fewer studies that link the rapidly evolving policy context to public perceptions of CDR.100 

Enabling Condition 4: Leverage Existing UNFCCC Workstreams and Climate Cooperative 
Initiatives for Capacity Building and Enhanced International Cooperation 

66. The Troika of COP Presidencies could encourage Parties to use existing UNFCCC processes to advance
work on the CDR-related signals in a just and equitable manner, in line with national priorities.101 A
focus on enhanced international cooperation toward implementation of the GST’s outcomes with
respect to CDR could define the conditions under which the deployment of all CDR approaches would
enhance economic, environmental and social attributes of countries’ development pathways. This
definition could build on and complement existing work at the UNFCCC, including the MWP and JTWP,
but also the work on removals by the Subsidiary Body for Article 6.4, and further engage NPS.

67. For example, the Sharm el-Sheikh Mitigation work program (MWP),102 the UAE Just Transition Work
Program (JTWP),103 and work under the GST process could potentially be used facilitate dialogue,
define guiding principles, and promote technical exchanges on CDR. Such spaces can focus on
addressing barriers to implementation and define guiding principles to inform domestic planning and
build investor confidence, focus on sector specific pathways that align with GST outcomes, and send
signals through dialogue reports, COP decisions, and the action agenda.

68. The Subsidiary Body for Article 6.4 (the Paris Agreement Crediting Mechanism) will continue to
provide best-practice guidance for measurement, reporting, and verification (MRV) and safeguards
through more detailed standard guidance expected in 2025.104 Following that, it will develop and
approve specific CDR methodologies in the medium term, working closely with the IPCC on addressing
accounting challenges.

Ongoing Leadership is Needed 

69. The near-term goal is action and implementation that inform enhanced NDCs and ambition through
2025. In the longer-term, such leadership will be critical for informing subsequent implementation.
Once there has been sufficient time to analyze the NDCs in the annual update of the NDC synthesis
report that will be made available ahead of COP30, it will become clearer whether the GST will have
succeeded.105 But this also means that Belém will not be the “NDC COP.” As such, 2025 will
demonstrate how much more Parties are willing to commit to achieving the Paris goals. It is also
possible that NDCs will reveal themselves to more usefully be investment plans or tools.106

70. The year 2025 will also mark the year that the Paris Agreement’s enhanced transparency framework
will be fully operational. New processes, like the facilitative multilateral consideration of process,
provides opportunities for Parties to share best practices and lessons learned in implementing their
NDCs.

71. Troika leadership and the incoming Brazilian Presidency must utilize the Roadmap to 1.5C and the
outcomes of COP29 to skillfully build on progress toward a successful outcome at COP30 that
nevertheless remains critical to ambition and enhanced international cooperation in 2026. COP30 in
Belém should not be seen as a cliff edge, but a steppingstone to COP31 and beyond. In 2026, the
second GST process begins again.
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Conclusion 

72. While there is a strong case for clear leadership to accelerate the development and deployment of 
CDR approaches within sustainability thresholds and minimizing dependence on CDR by accelerating 
steep, rapid, and sustained emission cuts, there is also a need for an inclusive approach. Clearer 
leadership on implementing and coordinating the acceleration of the development and deployment 
of CDR approaches, including how efforts are enacted on the ground, may elicit reactions that Parties 
are “being told what to do.” As such, the national determinedness of NDCs and their domestic 
implementation must be clearly reiterated and respected.  

73. At the same time, the value of clear leadership on the development and deployment of CDR 
approaches will enable far greater and faster implementation than would otherwise be the case. In 
addition, tracking progress toward its achievement at COP30 is crucial to generate further 
momentum. Early action must be captured in the next round of NDCs, laying a strong foundation for 
further efforts.  
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Annex I: Understanding Carbon Removal and Management Approaches 

74. CDR falls somewhere along a spectrum of technological and nature-based approaches.107 DACCS is an 
example of a purely technological approach. Processes that enhance the natural uptake of carbon 
dioxide into certain reservoirs, or use natural uptake to concentrate carbon dioxide for the purpose 
of subsequent engineered separation and storage, can be considered technological or hybrid forms 
of carbon removal. Examples include BECCS or enhanced mineralization of carbon dioxide in soils, the 
ocean, or the subsurface. Technological carbon removals are often considered “novel” CDR methods 
because they are in earlier stages of commercial readiness than nature-based removals. Nature-based 
removals are considered “conventional” CDR methods. They include afforestation, reforestation, and 
improved forest management; wetland restoration; and soil carbon sequestration (SCS). (See “Annex 

II: Characteristics of Different Carbon Dioxide Removal Solutions and the Importance of 
Enabling Conditions for Sectoral IntegrationAnnex II: Characteristics of Different Carbon 
Dioxide Removal Solutions and the Importance of Enabling Conditions for Sectoral 
IntegrationAnnex II: Characteristics of Different Carbon Dioxide Removal Solutions and the 
Importance of Enabling Conditions for Sectoral Integration” for a comprehensive categorization 
of CDR solutions.) 
 

75. The IPCC notes that “[c]arbon capture and storage (CCS) and carbon capture utilization (CCU) applied 
to carbon dioxide from fossil fuel use are not CDR methods as they do not remove carbon dioxide 
from the atmosphere. CCS and CCU can, however, be part of CDR methods if the carbon dioxide has 
been captured from the atmosphere, either indirectly in the form of biomass or directly from ambient 
air, and stored durably in geological reservoirs or products.”108 Two of the leading technological 
carbon removal solutions, BECCS and DACCS, require the infrastructure of CCS or CCU for geological 
sequestration or utilization into other products.109   
 

76. The IEA and others consider CCUS to refer to both CCS and CCU as part of a suite of carbon 
management technologies. CCUS is generally but not always associated with addressing point 
greenhouse gas emissions sources in hard-to-abate sectors, regardless of whether mitigation is 
achieved via emissions reductions or removals.110 

 

Annex II: Characteristics of Different Carbon Dioxide Removal Solutions and the 
Importance of Enabling Conditions for Sectoral Integration 

77. The science is clear that both reductions and removals are needed to reach global net zero by 2050. 
However, some civil society groups stress the “time value of carbon” as an key principle in setting 
priorities for mitigation action—in other words, that climate action now is critical to avoid increased 
concentrations of greenhouse gas emissions in the atmosphere that, cumulatively, will or could trigger 
climatic tipping points.111 Rapid emissions cuts need to occur in this critical decade, especially the 
immediate and drastic reduction of potent, short-lived warming agents like methane, nitrous oxide, 
fluorinated gases, and black carbon.112  

78. The proportion of mitigation activities that fall under CDR will have to increase over time in order to:  

• balance residual emissions (those emissions that could not be reduced by the decarbonization 
target year) in hard-to-abate sectors, which includes sectors that are critical for the transition 
away from fossil fuels (such as mining, steel, and cement).  
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• consider risks of emissions overshoot, in line with the science 

• address legacy emissions (those that were emitted before any attempt at reducing them was 
made) toward a net-negative world.   

79. The science is also clear that a shift to CDR with durable storage methods and low “risk of reversal” 
(methods with low probability of carbon dioxide being released back to the atmosphere) is also 
needed. Removals and their durability can be understood in the context of a short or long carbon 
cycle. Short-cycle removals manage carbon flows within the biosphere, such as through afforestation, 
soil carbon sequestration, and wetland restoration, where carbon is stored for years or decades. Long-
cycle removals permanently remove carbon from the atmosphere and store it in geological formations 
or mineralized forms for thousands to millions of years.113 

 
80. Academia and research organizations have an important role in educating the public on the viability 

and applicability of CDR approaches. For example, C2ES has defined technical and economic cost 
criteria for assessing the roles for different CDR approaches that can inform the design and 
implementation of carbon removal strategies. These include:  

• removal potential (megatons/year or gigatons stored by a given date) 

• economic costs (U.S. dollars/tonne)  

• durability or permanence  

• level of readiness (in consideration of the time value of carbon) 

• scalability  

• sink saturation.114 
 

81. For example, while nature-based CDR approaches are cheaper and more readily available in the short 
term, engineered CDR can bring many advantages in addressing the climate crisis, including larger 
removal potentials, more durable carbon sequestration, greater scalability, and more locational 
flexibility.115 
 

82. The figure below from “The State of Carbon Dioxide Removal” helpfully provides a visual 
representation of the kinds of CDR approaches and their main technical and economic cost 
characteristics.116 
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Stephen M. Smith et al, “The State of Carbon Dioxide Removal,” 1, Figure 1.4 (2024), https://osf.io/69fvx. 

83. The technical and cost elements presented above are not enough to determine the fitness or 
suitability of a CDR approach for specific geographies. Critically, what makes different CDR approaches 
viable in some regions more than others is the interplay of economic, ecologic, and policy enablers. 
Understanding the advantages and disadvantages of each CDR approach in light of these enablers is 
important when assessing the potential for a country’s comparative advantage in the development 
and deployment of each. There are regional and local needs linked to the availability of natural 
resources, clean energy potential of existing infrastructure, and land use and SDG tradeoffs that need 
to be considered, especially for durable carbon removals. For example, BECCS requires both industrial 
infrastructure and land management capacity for its viability.117  

84. The potential to integrate CDR across different sectors by leveraging existing infrastructure, 
industries, and ecosystems can potentially lower costs and deliver broader economic, environmental, 
and social co-benefits, many of which align closely with the SDGs. These include enhanced soil health, 
biodiversity restoration, and economic development. For example, geographic areas where industrial 
infrastructure and renewable sources of energy are abundant may have a competitive advantage in 
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developing energy intensive DACCS plants. Existing forest areas that are sustainably managed may 
have potential for BECCS. Places with large swaths of deforested land may be suitable for 
afforestation. IDDRI has called for the IPCC to take the lead on building mitigation pathway scenarios 
that consider the sustainability risks of deployment and do not cross sustainability thresholds.118 
These calls also encourage minimizing deployment of CDR methods with land-use change and 
establishing safeguards for land-based CDR.119 

 

Annex III: Existing Efforts to Enhance CDR Accounting and Scenarios for Progress 
Tracking  

85. Different efforts are underway to address CDR accounting—quantification and reporting—challenges. 
At COP26, Parties adopted methodologies and common metrics for reporting all greenhouse gas 
emissions and removals under the Enhanced Transparency Framework (ETF). Parties agreed to use 
the IPCC Guidelines, including the 2019 Refinement to the 2006 IPCC Guidelines on a voluntary basis, 
for the development of their national greenhouse gas inventories. The IPCC does not provide removal 
factors and sequestration rates to calculate removals across sectors covered,120 so Parties are 
requested to report the methodologies used for estimating potential leakage of emissions from 
geological storage reservoirs as well as reversals due to forest fires or logging, for example.121 Not all 
anthropogenic sources and sinks need to be accounted for in NDCs.122 The upcoming IPCC 
Methodology Report on CDR technologies and carbon capture, utilization, and storage will provide an 
opportunity to expand guidelines for novel CDR approaches and lay the foundations for more 
comprehensive CDR quantification and reporting under the UNFCCC.123  

86. In the context of Article 6 of the Paris Agreement, CDR gained more attention when experts from the 
Article 6.4 Supervisory Body released an informational note about the uncertainties of novel removal 
approaches in 2023.124 In terms of accounting, safeguards, and sustainability considerations, at COP29 
Parties adopted the Paris Agreement Crediting Mechanism (Article 6.4) Supervisory Body’s 
methodology standards for use in international carbon markets,125 which outline integrity criteria for 
carrying out mitigation activities, including for sustainability and carbon lock-in safeguards.126 The 
removals standard addresses permanence (the amount of time carbon remains sequestered in sinks) 
as it links to the risk of reversals, provides removal MRV guidance, and includes considerations for 
avoiding leakage (emissions displacement) and social and environmental impacts.127 For Article 6-
eligible project categories, including CDR, specific crediting methodologies remain to be developed.128  
 

87. In the broader UNFCCC ecosystem, the Mission Innovation (MI) CDR Mission has provided insights 
and recommendations on how to enhance MRV for CDR, based on international and domestic best 
practice, including as related to carbon markets, toward international harmonization of 
methodologies.129   

 
88. Different modelling exercises have drawn scenarios for CDR deployment as part of global mitigation 

pathways. All IPCC global modelled pathways that limit warming to 1.5 degree C (greater than 50 
percent) with no or limited overshoot, and those that limit warming to 2 degrees C (greater than 67 
percent), involve rapid and deep and, in most cases, immediate greenhouse gas emissions reductions 
in all sectors this decade. In IPCC pathways that limit warming to 1.5 degrees C with no or limited 
overshoot, global use of coal falls by 95 percent by 2050, oil by about 60 percent, and gas by about 45 
percent, assuming significant use of abatement technologies involving CCS. Without CCS technologies 
to achieve both emissions reductions and CDR, coal, oil, and gas pathways show much steeper 



5/29/25 8:53:36 PM 

 
 

 
22 

declines, with global use of coal virtually phased out by 2050.130 The latest IPCC Working Group III 
report estimates upper technical mitigation potential of different CDR activities but does not prescribe 
specific pathways for CDR.131 The IPCC notes that “while national mitigation portfolios aiming at net 
zero or net-negative emissions will need to include some level of CDR, the choice of methods and the 
scale and timing of their deployment will depend on the ambition for gross emissions reductions, how 
sustainability and feasibility constraints are managed, and how political preferences and social 
acceptability evolve.”132 

89. In the 2023 update to its Net Zero Roadmaps report 2023 update, the International Energy Agency 
(IEA) indicates that in a net-zero-by-2050 scenario (NZE), use of fossil fuels fall from almost 80 percent 
of total energy supply in 2022 to slightly over 20 percent by 2050.133 Remaining fossil fuel use by 2050 
is for goods where carbon is embodied in the product, such as plastics, in facilities equipped with 
CCUS, and in sectors where low-emissions technology options are scarce.134 The IEA also shows that 
delaying action on emissions reductions (in a “Delayed Action Case” scenario that exceeds 1.6 degrees 
C for about 25 years and 1.5 degrees C for almost 50 years) would require substantial scaleup of CDR 
through BECCS and DACCS. Research coincides that heavier reliance on CDR would lead to a significant 
increase in energy use, economic costs, and resource use, relative a NZE scenario.135 
 

90. For a 1.5 degrees C-aligned pathway, UNEP’s Emissions Gap Report 2024 estimates that, by 2030, 
afforestation and reforestation removals would need to scale to 2.6 GtCO2e removed/year, and 
removals from improved forest management to 1.5 GtCO2e/year. Aggregated removals in the 
agriculture sector, including biochar and enhanced soil management, would amount to 1.4 
GtCO2e/year.136 

 

Annex IV: Examples of Effective Policies and Programs for CDR Development 
and Deployment 

91. Clear policy frameworks and programs are fundamental to create the market incentives to scale use 
of CDR approaches.137 On the supply side, these policies and programs: 

• stimulate innovation through CDR pilot prizes138  

• increase public funding for R&D up to commercial deployment, scaling support based on the 
readiness of different CDR methods 

• allocate dedicated resources to afforestation and reforestation efforts, fostering strategic 
partnerships with local communities  

• reduce CDR investment costs via tax credits and reduce transaction costs by responsible 
streamlining of permits (for example, the U.S. Inflation Reduction Act includes tax incentives for 
BECCS and DACCS, and a recent bill could expand the scope of eligible CDR approaches)139   

• establish CDR MRV and certification frameworks, including as part of carbon pricing policy 
involving the use of carbon removal credit (for example, the EU Carbon Removals and Carbon 
Farming Certification (CRCF) Regulation is the first public policy to certify technology and nature-
based CDR units, including carbon storage in long-lasting products).140 

92. On the demand side, policies and programs:  

• support different cases for carbon removal certificates or credits to be used by corporates and 
sovereign buyers toward compliance or achievement of voluntary climate goals. The CRCF, for 
example, is in the process of linking to the EU Emission Trading System (ETS) and the EU Green 
Claims Directive141 
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• launch public procurement tenders for CDR projects and related infrastructure to stimulate the 
market value of CDR products and services, enhancing the transparency of this data (since offers 
are publicly disclosed) while ensuring the intellectual property of innovations is protected142  

• develop flexible price guarantees for sellers, such as “contracts for difference,” first implemented 
by the UK,143 whereby governments make up for any difference in the projected price of removal 
certificates (or credits) traded; or take-off agreements as a promise to purchase large amounts of 
CDR units at a specific price in the future, provided the expected results are delivered.144 

93. As CDR is a relatively novel area for climate solutions research, leadership from NPS has been 
important in guiding CDR activities and their use toward climate goals, both by governments and NPS. 
Voluntary frameworks have informed the development of science-based strategies, including through 
the use of market-based approaches such as carbon credits. For example, the Science Based Targets 
initiative (SBTi) has led the development of the Corporate Net Zero Standard, with a recent revision 
requiring companies to progressively increase removals to match residual emissions at net zero, 
following a removal growth target method to be defined.145 The Oxford principles specifically urge 
that organizations targeting net zero with the use of carbon credits will need to purchase 100 percent 
carbon removal credits by the global net-zero date (2050 at the latest).146 The Integrity Council for the 
Voluntary Carbon Market (IC-VCM) has carried out a continuous improvement work program to 
explore further integrity requirements regarding permanence of removal credits.147  

94. Leadership from NPS has also been valuable in keeping up on market trends, signaling investment and 
financing opportunities, and catalyzing government support, including at the sub-national level. NPS 
play important roles through private investor coalitions (e.g., Frontier), civil society initiatives (e.g., 
Counteract and Rethinking removals),148 and city coalitions (e.g., 4 Corners Carbon Removal 
Coalition).149 Market analysis and research organizations (e.g., CDR.fyi and Sylvera) quickly 
disseminate information for greater transparency on CDR trends to the broader climate ecosystem.150 
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