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The Global Carbon Removal Partnership (GCRP), hosted at Thunderbird School of Global Management, is a 
multi-stakeholder global partnership led by the Global South focused on creating the enabling mechanisms 
to scale responsible natural and technological carbon removal solutions. We do this through engagement, 
policy, and agenda setting, creating incentives, and connecting supply and demand. For more information visit 
carbonremovalpartnership.net

Thunderbird School of Global Management

The vision of Thunderbird School at Arizona State University is a world of sustainable and inclusive prosperity and 
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and intrapraneurs, across the private, public and nonprofit sectors worldwide for the 4th Industrial Revolution and 
Anthropocene.
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The Julie Ann Wrigley Global Futures Laboratory at Arizona State University represents the urgent belief that we 
can and must make a meaningful contribution to ensuring a habitable planet and a future in which well-being is 
attainable. The Global Futures Laboratory is the world’s first laboratory dedicated to the health of the planet and its 
inhabitants. For more information visit globalfutures.asu.edu.

Conservation International

Conservation International works to spotlight and secure the critical benefits that nature provides to humanity. 
Since our inception, we’ve helped to protect more than 6 million square kilometers (2.3 million square miles) of land 
and sea across more than 70 countries. Building upon a strong foundation of science, partnership and field 
demonstration, CI empowers societies to responsibly and sustainably care for nature, our global biodiversity, for the 
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Preface by Dr. Sanjeev Khagram, Director-General of the 
Thunderbird School of Global Management, Founder of the 
Global Carbon Removal Partnership

The Thunderbird School of Global Management launched the multi-stakeholder Global Carbon Removal Taskforce in 
January, 2020 with a white paper on the potential financial and economic benefits of innovating and scaling carbon 
removal.

After nearly two years of action-learning with the Taskforce, the multi-stakeholder Global Carbon Removal 
Partnership (GCRP) was launched at COP27 at Glasgow. The GCRP is committed to agenda setting at the global, 
regional, national and local levels; the development of norms, standards, policies, and laws; and increasing both the 
demand for and supply of innovations and solutions to scale carbon removal worldwide.  This white paper on carbon 
removal standards is another major contribution of the GCRP. Deep gratitude to the authors – Stephanie, Starry and 
Aditya – for their incredible effort in assembling, and all the consultation participants and staff from around the 
world that supported the development of this white paper.

(https://www.carbonremovalpartnership.net/sites/thunderbird-micro/ iles/thunderbird-micro/resources/new-
investments-and-research-indicate-multi-trillion-dollar-market-for-climate.pdf).  
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Executive Summary
Carbon Dioxide Removal (CDR) is essential to meet the Paris Agreement’s commitment to stay below a 1.5 degrees 
Celsius average temperature increase. To provide critical foundational support to the development, deployment, and 
scaling of CDR, certification of carbon removal is needed. The international community is developing rules 
for the functioning of carbon markets. To support that process, we explored open questions on four key themes 
in the development of standards and certification of carbon removal through an international multi-stakeholder 
consultation process hosted by the Global Carbon Removal Partnership, Arizona State University, and Conservation 
International. Categories of stakeholders included standard developing organizations, non-governmental 
organizations, governments, and academics. Discussions covered 1. the treatment of emission reduction, avoidance, 
and removal in certification, 2. the role of additionality in carbon removal, 3. the choice of certification instrument for 
carbon removal, and 4. the treatment of durability in certification. They revealed fundamental differences in 
viewpoints on how certification should work. We highlight areas of further exploration, concluding that providing 
transparency on assumptions made at the certification level will be crucial to progress and, eventually, the 
acceptance and success of carbon removal as a climate solution. 
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Introduction
Carbon Dioxide Removal (CDR) is a set of activities consisting of capturing carbon from the atmosphere using various 
photosynthetic and chemical processes and storing it durably in biotic, oceanic, and geologic reservoirs or products1. 
CDR supports goals of reaching net-negative CO2 emissions to return CO2 atmospheric concentrations to pre-
industrial levels. With every year, CDR’s needed scale increases due to insufficient action tackling climate change. 
In fact, without CDR, the Paris Agreement’s commitment to stay below 1.5 degrees Celsius average temperature 
increase is already out of reach2,3. 

A CDR industry is emerging to respond to this urgency. And, like every other industry, a whole ecosystem of 
standards and certification programs has also evolved to provide the supporting infrastructure4. Standards and 
third-party certification, in tandem with the actions of project developers and the rigor of verification processes, will 
be the foundations of trust in the CDR industry. While specific buyers may directly engage with project developers, 
those making claims from the removed carbon may not, and neither will most citizens. Although reasons will diverge, 
entities finding themselves, directly and indirectly, connected to CDR will care about standards and certification. One 
of the ways that CDR will be judged as a solution to climate change will be through standards and certification. 

This ecosystem had innovated and tested the development of standards for emission reduction and avoidance 
decades before the term “CDR” was coined. Much of this legacy is being passed on to standards for carbon removal. 
However, without an overarching framework for its developmental progression, the ecosystem is now at a stage of 
vast differences. Studies delving into existing standards have found divergence in many core facets, specifically the 
measurement methods, treatment of durability, testing for additionality, and implementation of safeguards5-10. The 
fragmentation of standards raises questions around the quality of certified removed carbon, creating issues related 
to fungibility and eligibility to meet future voluntary and compliance requirements. 

If removed carbon is to become fungible, tradable, and purchased to neutralize emissions for climate mitigation, one 
certification program must produce something comparable to another. For an equivalent result, the ecosystem must 
find a form of coherence, top-down or bottom-up. We posit that differences in the standards exist because their 
underlying assumptions diverge. Yet, since these are rarely made explicit, the ecosystem may not find that coherence 
in a bottom-up approach. If this is true, discovering how to create comparable certification begins by uncovering the 
assumptions. Assumptions surrounding the core facets can be explored as open questions in the development of 
standards for carbon removal, and bringing them to light will help advance the CDR industry. First, such an exercise 
maps the gaps, the divergence, and the common ground which could be used to innovate a common framework. 
Second, it brings transparency to the decision-making in the development of standards. 

To further the existing bottom-up and top-down efforts working to advance toward coherent standards and 
certification for carbon removal, in this white paper, we articulate viewpoints on four major open questions in the 
development of standards for the certification of carbon removal. A consultation process with international standard 
developing organizations, governments, civil society organizations, private sector, and other stakeholders gathered 
the views. The reporting of the insights from the consultations should by no means be read as definitive but rather as 
part of a broader process that supports the CDR industry in developing more transparent, equitable, and responsible 
standards.

Approach
From literature reviews and interviews with experts, a collaborative team from the Center for Negative Carbon 
Emissions (CNCE) at Arizona State University, Conservation International (CI), and the Global Carbon Removal 
Partnership (GCRP) (hereafter ‘the coordinating team’),  identified topics of open questions in the development of 
standards. These were (1) whether emission avoidance, reduction, and removal should be certified under the same 
certification instrument, (2) what role additionality may play in the certification of carbon sequestration, (3) what 
certification instrument choice and its tracking may be appropriate for carbon sequestration, and (4) what may 
be the appropriate definition and treatment of durability, its risks, and governance. During the pre-consultation, 
participants reviewed the proposed topics and suggested a fifth topic on the connection between carbon accounting 
and co-benefits. Due to low participation, we did not develop this fifth topic further.
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We developed four consultations to address these topics, plus a pre- and post-consultation (Figure 1). We invited 
standard developing organizations from across the world to the process. In addition, we extended the invitation to 
all members of the GCRP, which included non-governmental organizations and governments of the Global South. 
Before and during the meetings, the coordinating team provided a problem statement and background information to 
bring all participants to the same baseline. A Mural board was open to gather thoughts in writing before and during 
the discussions. Each consultation had time reserved for targeted discussions. The aim was to identify all possible 
viewpoints on the open questions. We prepared a detailed summary for each consultation which aimed to record all 
views and areas of alignment or misalignment when possible. The post-consultation sought to refine and correct 
those observations of alignment or misalignment. 

In this white paper, we are distilling the detailed summaries to provide as nuanced a discussion as possible for each 
open questions. Then we analyze the insights, question assumptions, and identify where additional exploration 
could be worthwhile. We conclude with overall recommendations to catalyze the development of the standards 
and certification community towards coherence. We do not attribute any viewpoints to specific organizations; 
instead, the document should be read as a collective narrative. The coordinating team wrote this white paper with 
the participants providing feedback and revisions to capture the nuances in the viewpoints as best as possible. All 
participants may not agree with the final version of the text. 

Figure 1. Summary of the consultation participants, process, and themes.
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Themes: insights and discussion

Avoidance-Reduction-Removal
Insights

Efforts to mitigate climate change must seek to eliminate CO2 emissions to stay within a total finite carbon 
allowance (i.e., a carbon budget)3. Staying within a carbon budget can be done by preventing the release of new 
emissions (i.e., avoidance and reduction) and removing emissions (i.e., removal) through CDR. In terms of climate 
impact, emission avoidance and reduction are essentially interchangeable; if emission avoidance can be understood 
as preventing new emissions, emission reduction only prevents some new emissions. Today, standards certify 
emission avoidance, reduction, and removal. Some standards treat them equally; some do not. Hence, our question 
is: how should emission avoidance, reduction, and removal be treated in certification programs? 

We found that viewpoints aligned on several themes. Emission avoidance, reduction, and removal were all agreed to 
be needed for climate action, even if their relative importance will change over time. Moreover, consistent tracking 
of each was thought to be essential to understand the whole situation of using carbon instruments in mitigation 
efforts in the present and projecting them into the future. Participants agreed that different methodologies are 
required to quantify each. 

Despite those agreements, two schools of thought became clear. One school argued that emission avoidance, 
reduction, and removal should be treated differently in standards. The arguments included concerns regarding 
market integrity and the recognition of the different methods required by each. Emission avoidance, reduction, and 
removal were described as conceptually and functionally distinct because of their different impact on the climate 
over time11 and because of the time component of storage maintenance. Carbon removal was described as a service 
requiring a different set of actors than projects that reduce or avoid emissions. Furthermore, climate policies should 
aim to operate within a global carbon allowance. In that world, one would not pay someone else for not emitting or 
reducing their carbon emissions because everyone would be obligated to avoid emitting carbon. All emitters would 
have to pay for their carbon emissions to be removed12,13,14.

The second school of thought argued that emission avoidance, reduction, and removal should be treated as 
interchangeable in certification, based on the idea of creating a commodity or a common currency. This school of 
thought suggested that labeling credits based on their type of mitigation (in addition to transparency about origin 
and other metadata) or using conversion factors could help emission avoidance, reduction, and removal to be treated 
as interchangeable. However, disagreements on labels and conversion factors return to the first school of thought’s 
argument that emissions avoided, reduced, and removed are quantities with incompatible units.  Under this school 
of thought, it was argued that fungibility (i.e., interchangeability) between emissions avoided, reduced, or removed 
would ensure efficiency in market functioning. We note that this contradicts the other school of thought, which, 
instead, argued that separating removed carbon from emissions reduced or avoided is what is necessary to ensure 
market integrity and commoditization.

Discussion

One underlying reason for the two schools of thought on whether to treat emission avoidance, reduction, and 
removal as interchangeable or not in certification appears to be different views on fundamental questions: what is 
the role of the market? Who pays for what? And what does a finite carbon budget mean for carbon management?

International climate agreements created carbon markets to fulfill the public purpose of reducing greenhouse gases 
in the atmosphere at the lowest possible cost15. Carbon removal has been included in this market since the Kyoto 
Protocol’s operationalization of the UNFCCC to credit emission removal by sinks16,17. However, from the beginning, 
emission removal crediting in the Clean Development Mechanism (CDM) was limited to the forestry sector to 
afforestation and reforestation projects18,19. Only recently have other forms of removal activities been considered in 
carbon markets. 

Despite the broadening of the types of carbon removal activities over time, and if the purpose of the market has not 
changed, then carbon markets are still intended to provide the public purpose of meeting internationally agreed 
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climate goals. This intent means that carbon markets ought to work to gain and keep the public’s trust, regulators, 
investors, and NGOs as credible tools for climate action15. This goal takes on two objectives. 

The first objective is for the markets to attract and sustain a level of liquidity. This involves resolving the questions 
of who pays and for what20 while allowing for a transition that may involve more advanced purchases. It also involves 
recognizing that carbon removal can tackle historical emissions, which emission avoidance and reduction cannot. 
Tackling historical emissions has a value that is not accounted for if emissions avoided or reduced are treated the 
same as removed carbon, which could hinder the scaling of carbon removal capacity. 

The second objective raises the question of what it means for carbon management to operate within a carbon budget. 
As previously mentioned, the frames climate change as an emission stock problem3. The amount of carbon in the 
atmosphere rather than the emission rate in a particular year causes climate change. This understanding requires the 
world to set a limit on cumulative emissions to stop the increase in global temperature: the world must stay within 
a total carbon budget3. The options are either not to produce emissions (i.e., not draw out money) or to neutralize 
produced emissions (i.e., repay debts). 

On the one hand, a limited carbon budget provides clear guidance on long-term government policies designed to 
combat climate change, helping to create a state of certainty that incentivizes business investment in emission-
reducing technologies and CDR. Conversely, some tension surrounding how to treat emission avoidance-reduction-
removal touches on carbon budgets. The idea of crediting emission reductions for offsetting purposes will continue 
to consume the budget. Sustaining liquidity and operating within a carbon budget require clarity on whether 
emission avoidance, reduction, and removal can effectively be treated  interchangeably or not in certification.

The role of additionality
Insights

The concept of additionality has been the cornerstone of defining quality credits since the international climate 
agreements introduced carbon markets for climate action. The rationale for additionality is to ensure that policy 
interventions are causing activity to take place and thus reward only activities that would not otherwise occur21, 
whether these activities would have happened due to regulatory requirements, natural processes, or common 
practice. 

Looking at programs that develop standards serving voluntary and mandatory markets internationally, just over half 
require an additionality assessment. Those that do require an assessment include some of the world’s prominent 
organizations by the number of standards of carbon removal produced and credits sold, meaning that proportionally 
most credits available have undergone an additionality assessment. 

Despite the concept’s use in most carbon removal standards, it is defined and applied in at least a dozen ways, 
including regulatory, investment, and performance. Why some standards and not others would use assessments for 
the same type of carbon removal remains unclear. Furthermore, in a world where all engineered carbon removal is 
new and many carbon removal activities are impossible without incentive, how should the concept of additionality 
be understood for technological carbon removal and CDR more generally? Finally, we considered the question, if 
certification is to treat avoidance, reduction, and removal as interchangeable, then what will be the consequences for 
the concept of additionality?

Experts agreed on the understanding of additionality as a general concept. Yet, viewpoints diverged on whether 
the concept can test for a net climate benefit and whether the idea is necessary for all carbon removal. Several 
arguments were provided in favor and opposed. On the one hand, much effort has already been expended to instill 
the concept of additionality as the cornerstone for solely rewarding anthropogenic removal within nature-based 
solutions. It was suggested that an equivalent to the concept of additionality for nature-based solutions exists for 
engineered ones through Life Cycle Assessments (LCA). On the other hand, the focus on additionality is creating a 
schism between technology- and nature-based carbon removal approaches, alienating communities that culturally 
steward nature, complicating the development of robust certification, and hindering the development of a profitable 
carbon removal industry. Despite disagreement in this consultation, the general trust in carbon removal and offsets 
more generally, is still housed within the concept of additionality. Given the lack of a coherent application, it is thus 
primordial to find a solution.
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Discussion

The ambiguity around the concept of additionality result from regulatory policies colliding with the provision of 
emission reduction and avoidance credits. As carbon removal expands in terms of types of technology, certification 
attempts to straddle the many worlds: to retain credits of emission reduction and avoidance and cover carbon 
removal. 

Initially, the concept of additionality can be traced back to shortly after the 1992 Rio Earth Summit when the pilot 
program Activities Implemented Jointly (AIJ) was being developed22. Then and every new accord used the term 
additionality in the context of international climate finance22,23. In that context, developing nations desired new and 
additional resources to support country adaptation and mitigation efforts, i.e., additional funds that were not already 
promised. By the time of the Kyoto Protocol, additionality also became synonymous with the supplementarity of an 
emission reduction effort in activities outside the emission cap assumed on developed countries22. In both instances, 
proving additionality required a measurement against a counterfactual (i.e., a claim contrary to the facts) as a test of 
causality between international support for an activity and the extent to which the activity would have happened in 
the absence of international support22.

Since then, the concept of additionality has been taken out of context and has gathered different meanings related 
to program and environmental integrity. When looking at only emission avoidance or reduction standards, at least 17 
different meanings have been identified21. Each standard uses the term additionality differently, partly because the 
method to prove additionality depends on the context and the mitigation action in question. 

While the overarching definition is clear, the many ways of measuring it are not. This subjectivity, or imprecision in 
meaning, leads to confusion, exposure to criticism, and claims of flaws21. There would be value in elaborating precise 
and theoretically well-grounded definitions of the different types of additionality, clear indications of their proper 
use, and transparent reporting on the type of additionality being considered when one speaks of “additionality.” This 
is a necessary precursor to their application in real-world programs in a way that allows programs to operate with 
greater credibility and effectiveness. At the same time, it is problematic to continue with the concept of additionality 
for carbon removal as a cornerstone for quality (e.g., the mantra that quality credits must be additional along with 
verifiable and real), or as an instrument to assess the impact of the incentive (e.g., not rewarding mandated and 
existing activity), for several reasons. 

The first issue relates to the methodology. Assessing for additionality relies on the analysis of hypothetical 
scenarios. For example, when additionality is understood to mean “the removals would not have occurred in the 
absence of the incentive created by carbon credit revenues,” i.e., financial additionality, the concept of additionality 
relies on an analysis of returns on investments (ROI) in hypothetical scenarios with and without carbon finance. 
Crediting the amount of carbon reduced or removed may also rely on a counterfactual for its baseline. The 
counterfactual baseline models a hypothetical situation where the emission reduction or removal activity does not 
happen. The carbon accounting then relies on the difference between the counterfactual baseline scenario and 
either some form of a Life Cycle Analysis of the emission reduction or removal activity that takes place in the case 
of technological activities or measurements of carbon in ecosystem pools in the case of nature-based activities. The 
impossibility of demonstrating that the alternate reality would have happened as modeled in the counterfactual 
scenario makes accurate carbon accounting and verification very challenging. 

The second issue relates to the distinction between technology- and nature-based removal. While technology-
based removals would not occur without human intervention, ecosystems remove large amounts of carbon in 
plants, oceans, and soil. They do this naturally as an ecosystem service that regulates the climate without crediting 
or carbon markets. More importantly, natural sinks remove carbon at a volume far exceeding the current carbon 
removals market’s scope. Their natural action is not a part of the climate mitigation targets, which are presumed to 
be additional. That is why great pains are being taken to ensure the additionality of natural climate solutions (NCS) in 
terms of their impact on naturally occurring processes. 

If credits are issued for natural processes without proof of additionality, the potential supply would be much larger 
than the current demand. Therefore, how the new “natural” supply would enter the market would have to be managed 
carefully, and baselines and targets would also have to shift, to reflect this change in accounting. One perspective 
discussed considers the biosphere as a “carbon grid,” analogous to an energy grid. What matters is the capacity of 
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the grid to sustain a volume of carbon. In that context, additionality would answer the question, “does this activity 
increase the capacity of the carbon grid?”. An accounting framework that includes stocks in reservoirs may resolve 
the accounting challenge better without the counterfactual baseline, for example, by taking responsibility for losses 
to stocks.

Whereas the estimation of avoided and reduced emissions must rely on counterfactual scenarios due to their nature, 
one can directly measure the accounting of removed carbon. The observation that removals do not need to rely on 
counterfactuals for accounting has implications for certification. Insofar as this consultation process was solely 
concerned about standards for carbon removal, one viewpoint is that the simplicity of not relying on counterfactual 
scenarios is a strength of carbon removal that must be taken advantage of in certification, suggesting leaving 
complex additionality out of certification systems. What may not be possible without a counterfactual is partitioning 
what is natural and what is anthropogenic (artificial) within some categories of NCS (especially forestry, soil) and 
many types of oceanic CDR. This would go against the above arguments that standards should not credit natural 
processes. 

An opposing viewpoint is that robust criteria for proving additionality in the quantification of removed carbon ought 
to be included for the above reasons (i.e., maintaining the integrity of NCS), despite the technical challenges and 
complexity involved. The challenge with that viewpoint is whether certification can avoid double standards if only 
NCS are subject to proof of additionality. The answer might be to minimize the use of counterfactuals for carbon 
accounting by only allowing removal activities where the additionality to natural processes can be demonstrated 
to be plausible simply and convincingly. The challenge will then be to define where to draw the line between a 
simple and complicated case of additionality. Of course, stricter inclusion rules would also mean that the LCA of 
technological removal activities would also need to demonstrate the plausible use of counterfactuals. 

The community should question the transfer of the methods developed for avoided or reduced emissions to 
standards for removed carbon to avoid unnecessary propagation of the lack of clarity surrounding the concept of 
additionality in CDR. This challenge brings us back to the previous open question of whether emission avoidance, 
reduction, and removals should be treated interchangeably under the same certification program. The way 
additionality has been quantified in the past (for reductions and avoidance) does not necessarily mean it is fit for the 
purpose of carbon removal accounting. 

Instrument choice and its tracking
Insights

Today many different certification instruments, including offsets, credits, certificates, units, and permits, represent 
removed carbon. Each certification program has its instrument and its understanding of what it means. What 
instrument should represent removed carbon, and what should be its meaning? 

We found only three points of alignment: 1) Generally, broadscale confusion exists surrounding the definition of 
different instruments, and the abstraction of terms from the policy contexts was put forth as a reason. 2) Instruments 
should not expire because expiration limits liquidity, adds confusion, reduces confidence, and undermines the reason 
for creating credits. 3) Benefits exist from having a transparent system to track the instruments internationally, 
including supporting the Paris Agreement Article 6 and coordinating of voluntary efforts amidst nationally 
determined contributions. 

Participants were split into two schools of thought, highlighting several points for further discussion. The first 
school saw removed carbon as best represented by carbon offsets to allow greater access to existing markets. That 
distinction is nuanced by the recognition that a carbon offset has a specific meaning because it also describes the 
usage and thus is not an instrument per se. For example, carbon credits can be used or not for offsetting purposes. 
The second school of thought saw removed carbon as best represented by some other instrument to reflect the 
uniqueness of carbon removal and to temper perceptions of greenwashing associated with offsets. A further reason 
included the possibility to reflect the durability metric that is not currently included in pricing carbon instruments, 
supporting the position that removed carbon ought to be differentiated from emission reduced and avoided. 
Interestingly, those that expressed the first view tended to certify or sell emission avoidance, reduction, and removal; 
those that expressed the second tended only to certify or sell carbon removal. 
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Discussion

One underlying reason for the many types of instruments for carbon removal appears to be that the community has 
not yet decided on what carbon removal means nor whether removed carbon is a public good, an asset, a currency, a 
commodity, a service, or a mixture of these. These decisions will influence what instrument it should be represented 
by and how the international community should track those instruments.

Although the IPCC clearly defined what carbon removal means, in practice the distinction can be unclear. Activities 
such as improved forest management and injection of CO2 in carbonated materials are sometimes included under 
the category of carbon removal. However, like point source capture, they avoid emissions by storing emissions. This 
ambiguity reinforces the need to answer whether emissions avoided and reduced can be considered interchangeable 
with removed carbon. 

We must make two distinctions to avoid conflating ownership with responsibility: carbon removal is the activity, while 
removed carbon is the result. Given the need for maintenance through time, carbon removal may be more accurately 
described as an activity that provides a service in a similar fashion as waste management is a service rather than 
an activity that produces products. However, service businesses are generally understood to provide value through 
intangible skills, expertise, and time. In the example of waste management, the value is beautification and sanitation. 
On the contrary, the carbon removal business can rely on the measurements of the physical properties of carbon. The 
value created is tangible, as it would be when made by a product business. Yet, the value created is not like a product 
as generally understood; the buyer only goes home with what is essentially a statement of facts. The similarity of 
carbon removal to a service industry may end where the result begins. 

If removed carbon certification is essentially a statement (verification) of facts, does that make it a public good, 
an asset, a currency, a commodity, or something new? Removed carbon may appear to be public goods in that 
economies of scale apply and that they are transferable. However, not in the technical sense, since it does not meet 
the conditions of non-rivalry (i.e., public goods that are consumed by people but whose supply is not affected by 
people’s consumption) nor non-exclusivity (i.e., not limited to only one person or organization). Removed carbon may 
be an asset in the sense that it has an intrinsic value that can be exchanged for cash. Moreover, it may be an asset in 
the sense that some groups may experience indirect or non-financial returns on investment. For example, the cost 
of CDR may be lower than the sum of damages caused by climate change and, in some cases, lower than certain 
decarbonization activities. Returns may also come in terms of provisioning ecosystem services. However, assets are 
defined as goods that are not consumed through their use. Removed carbon can only be consumed once because no 
matter how many times it is transferred, it will only neutralize one emission.

Removed carbon may become currency, as understood to be a medium of exchange for goods and services. For 
this, whether removed carbon is equivalent to reduced or avoided emissions would need to be answered. Moreover, 
an efficient pricing system, including carbon pricing and markets, would need to be developed with a way to 
identify potential free-rider countries to maintain the system’s integrity24, and the players would need to reach the 
understanding that global climate goals would constrain supply25. While removed carbon may become a currency, it 
is also possible to be considered a commodity, a basic item that can be bought and sold and is interchangeable with 
other commodities of the same type. Although the quality of a commodity may differ slightly, specific standards are 
expected to be met to ensure the commodity is essentially the same, regardless of producer. This would be true of 
removed carbon once standards become coherent or a single framework is established.

The categorization of removed carbon will influence what instrument would best represent it within the carbon 
markets while acknowledging that it may also take several forms to fulfill different parties’ needs. Credits, units, 
or certificates may meet trade agreements, whereas offsets may represent one of their usages. The differences 
between credits, units, or certificates may be rooted in historical legacy, as they were created for specific policy 
contexts. With the expansion of carbon markets and the infusion of new terminology, at the very least, definitions 
ought to be made clear and broadly applied to reduce confusion and enhance coherence. 

Tracking these instruments is also yet to be determined in a formal, global effort, although various projects are 
underway, including Microsoft’s Carbon Call26 and the IHS Markit Meta-Registry27. Tracking projects and credits 
and their claims across jurisdictions, programs, and standards is critical to stamping out double counting. Doing so 
efficiently through a single global registry that leverages distributed dual ledger technologies will promote liquidity, 
transparency, and trust in the carbon removal market. This would be true if it is open to public scrutiny and tracks 
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instrument supply and use. Linking national registries and voluntary program registries under one database would be 
one way to support the rules of article 6 in the Paris Agreement.

Durability: definition, risks, and governance
Insights

Carbon removal has a time component that is generally encapsulated by the concept of durability - often referred 
to as “permanence.” The debate surrounding how durability should be understood28-33 is exemplified in the range 
of definitions used by certification programs, varying from 10 years to over 100 years. What does “durability” mean, 
what are the associated risks, and how should it be managed in certification?

We found two focused points of alignment. First, the community agreed on the need to clearly define “durability” 
and move away from the term “permanence” since nothing in the Earth System is permanent - suggested alternatives 
included durability and persistence. To reflect this sentiment, the term durability is used hereafter in this document. 
Second, the certification of carbon removal in dynamic reservoirs (i.e., where carbon may flow in and out) ought to 
focus on the accumulation of carbon stock rather than its flow. For example, one may consider the total carbon stock 
of a forest rather than the individual trees when considering durability. This recognition highlighted that monitoring 
through time is a more helpful durability metric than commitments of specific durations.  

Several other points will need further clarification. First, the understanding of the meaning and role of durability 
differs significantly, along with how to treat the potential failure of storage to be durable. One viewpoint suggested 
that durability could be understood as a system across time that ensures the reservoirs that store carbon trend 
towards stability. An alternative view told that durability could be understood as the point at which the entity, likely 
the storage operator, can be released from the responsibility of the risk of the intervention (i.e., the storage activity). 
Under this second viewpoint, short-term storage was considered viable if the obligation to reach durable storage to 
maintain the beneficial impact of carbon removal did not disappear. Second, disagreement also persisted on whether 
durability was a concept that could be treated equally across all reservoirs without compromising the integrity of the 
certification. Lastly, another disagreement remained about how to treat reservoirs that could be deemed effectively 
permanent – should they continue to be periodically monitored indefinitely, and can a set of conditions be determined 
that would define a reservoir as functionally stable.

Discussion

The IPCC defines carbon removal as removing CO2 from the atmosphere and storing it durably1. It leaves “durable 
storage” undefined despite decades of debates, probably because what constitutes “durable storage” is a societal 
choice that observations can, at most, inform. The scientific community agrees that a sizeable fraction of CO2 
released from the burning of fossil carbon will remain in the atmosphere for hundreds of thousands of years3,34,35. 
CO2 is removed from the atmosphere at various speeds and scales through the carbon cycle: absorption by the land 
biosphere and the upper ocean in the faster cycle, invasion into the deep oceans, and reaction with carbonates and 
basic igneous rocks in the slower cycle. The long lifetime of this fossil CO2 in the atmosphere makes climate change 
a multi-millennial problem, not a century-timescale one. 

With this scientific understanding in mind, treating the time component of carbon removal is a societal decision 
that will standards and certification will make. Given the wide range of definitions used in standards, the breadth of 
meanings attributed to the concept, and the variety of opinions on how to treat the potential failure of storage to be 
“permanent,” the choice is not yet resolved. 

In addition to settling on terminology, the community will need to develop a more precise common understanding of 
expected durability. Commitment periods usually used in standards are arbitrary and incompatible with the scientific 
knowledge of the carbon problem and project or even human lifetimes. Instead, durability may be understood as a 
long-term risk management problem. The pertinent question is, can systems be put in place to ensure continuous 
responsibility for the removed carbon stored in reservoirs? Follow-up questions that need addressing include how to 
identify releases, what to do about them, and who should deal with them. What makes sense as a monitoring plan for 
each carbon reservoir? What are the risks associated with each reservoir? What monitoring frequency is acceptable, 
and how should monitoring plans be designed to last over multi-generational timescales?
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Nevertheless, it may be valuable to consider the conditions to an eventual end of responsibility, akin to functional 
stability in landfills, for certain storage activities where science can demonstrate the expected storage duration can 
reach a specific threshold. Considerations on what timescales to target may include (1) what impacts society wishes 
to protect itself from, whether this be temperature-related changes (i.e., requiring storage for at least a millennia) 
or from environmental degradation such as ocean acidification (i.e., requiring tens to hundreds of thousands of 
years); (2) whom society wishes to protect (i.e., which generations and species) from climate impacts; (3) how society 
wishes to treat the responsibility of carbon producers (i.e., accountability and liability in offsetting practices); and (4) 
what information would need to be known about the condition of the carbon, the reservoir, and the risks to reach a 
scientific consensus. The decision will dictate if certification and standards should view carbon removal as a multi-
generational enterprise, similar in scale to cathedral construction or other heritage sites.

Considerations also ought to be made for the fact that individual CO2 storage activities need not be “permanent” 
nor leak-free if the sum of all storage does not decrease or if remediation (i.e., intentional or unintentional released 
carbon is re-sequestered) takes place at a particular site. In this context, the treatment of the potential that storage 
will not be “permanent” is a critical question that ought to be addressed transparently by standards and certification 
because it is an externality that neither the buyer nor the seller of carbon removal has incentives to fix. 

Addressing the problem of non-durable storage relates to the societal decisions outlined above; pertains to risk 
management; will dictate if and how standards can bridge across reservoir types; questions what carbon removal is 
and is not; and involves the public in a way that does not affect emission avoidance and reduction activities.   

Recommendations
Due to time constraints, the consultations could not address all open topics. Questions remain open on whether 
to take a practical or holistic approach to carbon accounting. For instance, the consultations did not fully address 
co-benefits and their role in carbon accounting other than discussing allowing them to be optional additional 
tags. Should co-benefits, in the form of furthering sustainable development goals or educational, environmental, 
economic, or social impacts, be quantified as part of the certification of carbon removal?

Also not discussed in the consultations was the role for and recognition of private-sector initiatives, currently mostly 
excluded from international agreements, in the development of carbon removal. Do standards offer the possibility 
of scaling to small and medium-sized removal activities, as these can add substantially to overall efforts? In what 
form and under what capacity should the issues of scale be addressed remains unclear in the certification of carbon 
removal. 

Outcomes of the themes that could benefit from further discussions are summarized in this white paper to provide 
insights and highlight targeted areas to catalyze and accelerate progress in the certification community. The process 
revealed some alignment on specific aspects amidst different viewpoints on some fundamental questions. 
(Figure 2) As they represent core assumptions regarding how certification of carbon removal should work, further 
exploring these areas of misalignment is a priority.

Regarding the treatment of avoidance-reduction-removal, the key may be to find alignment on the goals and let the 
solution follow. What are carbon markets trying to achieve? Suppose it is attaining climate goals, providing asset 
liquidity, rewarding effort, or some other purposes. In that case, the answer will guide the treatment of avoidance-
reduction-removal in developing standards for the certification of carbon credits. The solution will also extend into 
spaces beyond certification, such as how commodities are regulated, how climate risks and finances are disclosed, 
and how credits are rated. 

Concerning additionality, moving forward on this topic requires rethinking assumptions and goals. Regarding 
accounting for removed carbon, the international climate policy and certification community ought to explore 
taking advantage of the strengths of carbon removal to develop methods that produce results verifiable with 
measurements. In terms of the importance of not crediting natural carbon removal not influenced by human action, 
the community ought to decide where to draw the line in terms of allowed complexity in proving additionality. 
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On the topic of instruments, concerted efforts are required to dispel the confusion surrounding definitions among 
stakeholders in the carbon market ecosystem. The world is at a unique point in developing certification, carbon 
markets, and the carbon removal industry, whereby the international community could rethink certification 
instruments. Harnessing that unique opportunity would mean clarifying what certified removed carbon is (i.e., 
an asset, good, service, commodity), what the certification instrument is trying to achieve, and what would be its 
necessary attributes. 

As for durability, the community must articulate the concept more succinctly. This may mean moving away from 
conceptualizing “permanence” as “how long of a storage duration should the certification instrument represent” 
to “what are the systems to address the risk of reversal.” Understanding, defining, and managing durability is a 
scientific endeavor and a business practice.

Although not exhaustive, the insights presented here are bellwethers for developing rules for the larger carbon 
removal market. Each topic explored during the consultation revealed alternative viewpoints that raised questions 
about the fundamental design of standards for carbon removal. At least, the breadth of view revealed that when 
assumptions are made and not clearly explained, the lack of transparency percolates through the system, fueling 
distrust. At most, the range of viewpoints indicates that the community should still be given the space to explore 
the options that will bring the most credibility to carbon removal. Transparency on assumptions made and getting 
structures right at the certification level will be crucial to the success of carbon removal as a climate solution.

Figure 2. Questions that will need further exploration to advance the development of standards for the 
certification of carbon removal.
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