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Abstract

This article provides a systematic review of the literature on carbon offsets.
A growing number of studies have found that the most widely used offset
programs continue to greatly overestimate their probable climate impact
often by a factor of five to ten or more. Credit quality has remained a prob-
lem since the inception of carbon credits, despite repeated efforts to address
the core challenges of additionality, leakage, double counting, environmen-
tal injustice, verification, and permanence. Combined, these issues have led
many to conclude that overcrediting in carbon offsets is an intractable prob-
lem. These challenges helped stall the rapid growth in the voluntary carbon
market (VCM) earlier this decade. They warrant renewed focus in the wake
of COP29, where 200 nations significantly advanced the effort begun with
the Paris Agreement to create the rules governing a global compliance mar-
ket for carbon credits. But COP29 did not substantially address the quality
problem, creating the risk the Paris compliance market will be rife with
overcrediting and other problems—and that the VCM could undermine
the Paris market. We recommend that all stakeholders begin focusing on
high-integrity, durable carbon dioxide removal and storage, while recog-
nizing that the recent literature has raised the question of whether durable
means 100 years, 1,000 years, or longer. Ultimately, we find that many of the
most popular offset project types feature intractable quality problems. We
should focus on creating rules to find and fund the relatively few types of
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high-quality projects while employing alternative finance and strategies such as contribution
claims for the critical projects in conservation, renewable energy, and sustainable development.
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1. INTRODUCTION

Carbon offsets are projects that generate credits meant to represent the reduction, avoidance, or
removal of greenhouse gas (GHG) emissions from the atmosphere (1). These credits, generated
from a project in one place, are generally purchased to compensate for emissions in another place.
In a typical transaction, a developed country or company claims to negate some or all of its own
heat-trapping GHG emissions by paying a developing country, or an entity in that country, to
undertake projects that generate an equivalent number of credits, which are then claimed against
the buyer’s GHG inventory.

In principle, each carbon credit should correspond to one metric ton of carbon dioxide equiv-
alent (CO2e)—that is, any combination of GHGs with a global warming potential equal to that
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of one ton of CO2. Credits are generated by many offset mechanisms, each of which fits into one
of three broad categories: (a) reducing current emissions from a baseline, such as by capturing
landfill gases or switching to a fuel source with lower emissions; (b) avoiding new emissions, such
as by deploying clean energy or by preventing deforestation; or (c) removing CO2 from the atmo-
sphere, such as by deploying direct air capture of CO2 or by afforestation. For decades, carbon
credits have been widely used to meet regulatory emissions caps and voluntary commitments such
as net zero or other emissions targets. Net zero claims are generally made when a buyer purchases
enough offsets to cover all of its reported emissions. Some companies also use offsets to compen-
sate for the emissions of individual products like coffee, bottled water, and even gasoline and jet
fuel, which they then label carbon neutral.

In recent years, the number of voluntary net zero commitments has grown rapidly. In the same
period, the size of the voluntary offset market also grew until credit quality issues triggered a back-
lash in the early 2020s (see Section 6). At the same time, at the Twenty-Ninth Conference of the
Parties (COP29) to the United Nations Framework Convention on Climate Change (UNFCCC)
in November 2024, world leaders significantly advanced the decade-long effort begun with
Article 6 of the Paris Agreement in 2015 to create the rules needed to launch a global compliance
market for carbon credits. The goal is to help nations achieve their national emissions reduction
commitments through several international compliance markets for carbon credits.

The decision at COP29 contrasts starkly with the scientific consensus and a “growing litera-
ture highlighting the practical limitations of offsets and the potential for offset schemes to credit
abatement that is nonexistent, nonadditional and potentially impermanent” (2). If an offset project
would have occurred without the sale of a carbon credit, it is called nonadditional. Determining
that a project is additional is one of the core issues with credit quality or integrity, along with
ensuring that the credits awarded are not significantly overestimated, that they do not lead to ex-
cessively increased emissions outside of the project boundary (called leakage), and that they are
permanent (3, 4).

An increasing number of journal articles on carbon offsets and their quality have found that
offset programs routinely overestimate their climate impact, in many cases by as much as a factor
of five to ten, or more (5–10). A 2024 meta-analysis of studies covering nearly one billion tons of
credits, or nearly 20% of the total credit volume issued to date, estimated that actual emissions
reductions from the studied projects in the meta-analysis generated fewer than one in six of the
credits issued (4). The remaining credits issued likely did not represent any real emissions re-
ductions whatsoever. Such findings are consistent with previous large-scale analyses of the offset
market (3, 4, 11).

The most recent assessment of the climate change mitigation literature and science by the
Intergovernmental Panel on Climate Change (IPCC) found that “to realize the mitigation po-
tential of net zero emission targets” might require changes within the targets, including “focusing
on direct emission reductions within their own territory; minimal reliance on offsets; scrutiny
of use and risks of CO2 removal” (12, p. 1408). Similarly, in 2022, during COP27, the United
Nations High-Level Expert Group on the Net Zero Emissions Commitments of Non-State En-
tities released a report on offset integrity (13). Over a 7-month period, the Group received over
300 written submissions and conducted more than 40 consultations that included over 500 or-
ganizations worldwide. It recommended that nonstate actors should not use offsets purchased in
the voluntary market to make any claims about emissions reductions or net zero for the foresee-
able future. Instead, the Group advocated for “urgent and deep reduction of emissions across their
value chain” to achieve net zero commitments built around science-based targets, “with any resid-
ual emissions neutralised by permanent greenhouse gas removals” (i.e., not by avoided or reduced
emissions) that are verified by a credible third party (13, p. 16).
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In 2023, the Science Based Target Initiative (SBTi) conducted a large, independent solicita-
tion and review of journal articles and other high-quality publications, such as government and
civil society reports (14). Its findings suggest that the preponderance of carbon credits issued to
date across a wide range of project types failed to deliver their stated climate benefits. The SBTi,
which works with thousands of companies to develop and validate their net zero targets, identi-
fied 71 pieces of submitted evidence relevant to carbon credits involving emissions reductions or
emissions avoidance. It noted: “There was no evidence submitted that identified characteristics or
operating conditions associated with effective carbon credits and projects” (14, p. 8). The evidence
showed that corporate offsetting had the potential to hinder the net zero transformation.

Similarly, a growing number of media exposés and studies from universities, nonprofits,
academies of science, and other major independent organizations have raised serious issues about
additionality, overcrediting, leakage, and permanence (15–20). Offset quality and integrity mat-
ter because bad credits are taking the place of real emissions reductions and are used to justify
continued emissions by consumers and producers. This is a classic moral hazard that under-
mines ambition, distorts measurements of emissions reductions, and slows progress tomeet urgent
decarbonization targets. Moreover, finance directed toward purchasing bad credits conceivably
displaces investment in direct decarbonization or other high-integrity approaches.

While these reports have raised serious doubts about carbon markets writ large, some studies
have identified a small subset of offset projects that can be designed to address the biggest issues
afflicting the large majority of the market. These include but are not limited to certain CO2 re-
moval (CDR) technologies, certain clean cookstove approaches (10), and landfill gas capture (3).
While these approaches also exhibit perverse incentives and opportunities for mismanagement,
they do not suffer from the same fundamental problems that have characterized the rest of the
offset market to date.

This review summarizes the scientific consensus on carbon offsets, why they so rarely work
as intended, and whether their problems are fixable within the current parameters of carbon
markets—and, if so, how. Section 2 briefly recounts the history of carbon offsets and explains
key elements of how the offset market works. Section 3 looks at the research on why credit quality
has remained a problem for more than two decades despite efforts to combat it—with a focus on
additionality, overcrediting, leakage, and permanence. Section 4 examines credit demand: whether
offsets incentivize greater direct emissions reductions and whether they displace direct emissions
reductions. It also examines a major challenge for offsets under the Paris Agreement: double
counting, whereby two different parties claim the same emissions reduction. Section 5 looks at
issues surrounding environmental justice and offset cobenefits, namely the positive, non-GHG
impacts of offsets that are often cited in defense of offsetting. Section 6 discusses the evolution of
the offset market in recent years, the outcome of the 2024 UNFCCC negotiations on how offsets
will be treated in the Paris compliance market, and the various proposals to address long-standing
issues in carbon markets.

2. BACKGROUND

To date, approximately 5.2Gt of credits have been issued from the registries responsible for credit-
ing the overwhelming majority of carbon offsets. The two biggest issuers, the Clean Development
Mechanism (CDM) and the Joint Implementation ( JI) program, were created by the UNFCCC
Kyoto Protocol. The CDM and JI issued 2.4 and 0.9 Gt of credits, respectively, for a combined
3.3 Gt (63% of the total). The remaining 1.9 Gt (37% of the total) were issued by the four largest
independent mechanisms: American Carbon Registry, Climate Action Reserve, Gold Standard,
and Verified Carbon Standard (4).

652 Romm • Lezak • Alshamsi
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The CDM and JI were compliance markets, which allowed countries and nonstate entities to
meet mandatory emissions targets. In contrast, the voluntary offset market lets companies (and
others) purchase credits with the understanding that a separate nonstate entity will reduce or
avoid emissions by an amount equivalent to the credits issued.The first voluntary carbon offset was
generated in 1989,but the overall voluntarymarket had only aroundUS$300million in cumulative
sales through 2005 (4, 21). In this section, we review the subsequent history of carbon offsets,
starting with the CDM and JI, and the economic logic on which offsets were (and still are) based.

2.1. The Clean Development Mechanism

Carbon offsets took off in the mid-2000s, when the UNFCCC launched the CDM. The CDM,
which laid the foundation for carbon credits today, was intended to help developed countries
meet their GHG reduction targets under the 1997 Kyoto Protocol while promoting sustainable
development in developing countries by funding offset projects that generated Certified Emission
Reductions (CERs) (22).

These CERs, which represented one metric ton CO2e each, allowed developed countries to
offset an equivalent amount of their pledged reductions. If Germany had to reduce its emissions
by 100 Mt, for example, it could fund a renewable energy facility in Cambodia that was projected
to save (or avoid) 10 Mt of emissions. Germany would then have to reduce its own CO2 emissions
by only 90 Mt to meet its Kyoto goal.

The CDM has had more rigorous oversight, screening, and monitoring than any other offset
program at the time (23). It had a multistage process of project development, approval, valida-
tion, registration,monitoring, verification, certification, and finally issuance of CERs.The process
involved creating four different reports along with oversight by multiple bodies, including the
host country’s Designated National Authority; the CDM’s Executive Board; and two different
designated operational entities, which are businesses the Executive Board accredits to conduct
validation, verification, and certification (24).

Even so, the CDM was criticized from its earliest days for overcrediting and other quality
issues—and those issues persisted and even worsened over time (3, 25). A 2016 analysis (3, p. 14)
of CDM projects for the European Commission’s Directorate-General for Climate Action found
that “85% of the covered projects. . . have a low likelihood of ensuring environmental integrity
(i.e., ensuring that emission reductions are additional and not overestimated). Only 2% of the
projects. . . have a high likelihood.” Subsequent reviews of large numbers of CDM projects found
persistent quality issues (4, 23).

2.2. Joint Implementation

JI, another compliance program of the Kyoto Protocol that was very similar to the CDM, allowed
the generation and transfer of Emission Reduction Units (ERUs) only between countries that had
emissions caps under Kyoto (i.e., more affluent nations). Research has found that, of the projects
aimed at mitigating two of the most potent greenhouse gases, HFC-23 and SF6, all had a perverse
outcome and that they “increased waste gas generation to unprecedented levels once they could
generate credits from producing more waste gas” (26, p. 1061). In other words, JI incentivized
pollution by allowing polluters to monetize reduction from an inflated baseline.

One systematic analysis concluded that approximately 75% of JI offsets were unlikely to be
additional (11). JI allowed host countries to either (a) create their own rules for project approval,
additionality determination, and ERU issuance with no international oversight or (b) have the
United Nations’ JI Supervisory Committee oversee the review (see https://unfccc.int/process/
the-kyoto-protocol/mechanisms/joint-implementation). Countries overwhelmingly chose
the former approach. Approximately 97% of ERUs were issued without such review (27).
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Host countries also chose and paid the firms that audited them. The biggest of these firms
was Bureau Veritas Certification Holding SAS, which audited projects responsible for 78% of
total ERUs, with its market share increasing over time. A random sample analysis found that
77% of the projects they approved “made additionality claims that were not plausible, and 17%
had questionable claims”; for the other auditors, only 12% made implausible additionality claims,
with 46% making questionable claims (11, p. 9). This flaw—the ability of developers to select and
pay auditors that were subject to little independent monitoring and assessment—also became a
fundamental problem within the voluntary carbon market (VCM).

2.3. Other Compliance Programs

Beyond the CDM and JI, many other compliance offset programs now exist in places such as
Australia, California, Canada, China, Colombia, Japan, New Zealand, and several northeastern
US states. Most of them are small contributors in terms of carbon credits issued, with the two
largest being Australia and California (28).

In California’s offset program, entities covered by its Cap-and-Trade Program can use com-
pliance offset credits to meet 6% of their total obligation from 2026 to 2030 (29). The program
“was explicitly structured to prevent the quality issues experienced by the CDM” (30, p. 5), but
research has still found large-scale overcrediting (30–34).

Australia’s offset program has also been criticized on similar grounds. Studies have identified
both a significant risk that a large majority of projects for human-induced regeneration of forests
“are being, and will continue to be, credited for nonadditional abatement” (35, p. 2) and limited
evidence of actual regeneration (2).

2.4. The Voluntary Carbon Market

Thus far, we have discussed various compliance markets, which allow countries and nonstate enti-
ties to meet mandatory emissions targets. In contrast, the voluntary offset market lets companies
(and others) purchase credits with the understanding that a separate nonstate entity will reduce
or avoid emissions by an amount equivalent to the credits issued.

From 2007 to 2020, the VCM averaged approximately $400 million in annual sales, albeit with
many ups and downs, but then exploded to $2 billion in 2021 because of a rapidly rising number of
emissions reduction pledges by nations, companies, and other entities (21) and an accompanying
growth in speculation by investors (18). The pledges were driven primarily by the 2015 Paris
Agreement and the IPCC’s 2018 “Special Report on Impacts of Global Warming of 1.5°C” (36).
At Paris, the world’s leading countries unanimously agreed to reduce GHG emissions to a level
that would avoid dangerous climate impacts (37, p. 2), which meant “holding the increase in the
global average temperature to well below 2°C [3.6°F] above preindustrial levels and pursuing
efforts to limit the temperature increase to 1.5°C [2.7°F].” These targets implied that midcentury
global emissions would need to be at or near net zero, with sharp reductions by 2030 (36), and
unabated emissions mitigated by CDR.

Leading up to COP26 in the fall of 2021, more countries began making net zero pledges.
President Xi Jinping announced in September 2020 that China would aim to achieve carbon neu-
trality before 2060. At the summit, India said it would aim for net zero by 2070. By the end of
COP26,more than 70 countries—includingmost of the top emitters—hadmade a net zero pledge
(38).

At the same time, many companies made similar pledges.More than 450 banks, pension funds,
and other firms that together manage $130 trillion pledged at COP26 to use their money to reach
net zero by 2050 (39). During the summit, the management consulting firm McKinsey argued

654 Romm • Lezak • Alshamsi
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that “COP26 made net zero a core principle for business” and that “net-zero commitments are
the norm” (40).

Partly as a result of all these pledges, many companies pursued voluntary offsets to meet their
ambitious near-term targets. The VCM grew rapidly in 2022 to $2 billion; that same year, one
market research firm projected that offset purchases could reach $17 billion by 2027 (41), while
Shell Group and BostonConsultingGroup projected that purchases could reach $10 to $40 billion
by 2030 (42). But growing concerns about VCM offset quality and integrity raised in the scientific
literature and media investigations created a backlash that sharply reduced offset sales between
2021 and 2023, as we discuss in Section 6.

3. THE UNDERLYING REASONS FOR POOR QUALITY

For more than two decades, peer-reviewed studies have found offset quality to be poor across most
of the largest (by volume) carbon offset programs. That literature has increased in recent years
even as it has analyzed larger numbers of credits, suggesting that poor quality is widespread (4, 14,
43).

The quality of credits issued on both voluntary and compliance markets depends on several
factors, the most important of which are additionality (Section 3.2), leakage (Section 3.3), perma-
nence (Section 3.4), and double counting (Section 4). An offset may be robust on three of these
four dimensions, but if it lacks in the fourth, it may represent a far lower emissions reduction than
was credited—or no real reduction at all. As we discuss below, low-quality credits are endemic
across protocols on both the VCM and compliance markets, including the CDM and California’s
compliance program, and across various offset types, such as renewable energy, cookstoves, and
improved forest management.

This section summarizes the literature and expert views on the underlying causes of this per-
sistent quality deficit. Key factors include a combination of uncertainty and complexity that create
plausible deniability and permissive rules that allow overcrediting, as well as a set of market
incentives that encourage low-integrity approaches (30).

Since all credits have a de jure value of one ton of CO2e, buyers have an incentive to purchase
cheaper credits, which tend to be of lower quality (28, 43, 45). Indeed, the offset market is unusual
in that the major buyers do not demand a quality product, as we discuss below, and so “individual
companies are a major cause of persisting quality issues due to their demand for problematic and
cheap offset types known to overstate emission reductions” (43, p. 2).

Focusing on price over quality drives a “race to the bottom”where project developers compete
on price rather than quality. Exacerbating this downward spiral is the fact that project developers
are generally tasked with hiring a third-party verifier—often called a validation/verification body.
Because the third-party verifier is the client of the developer and not of the credit purchaser,
its primary incentive is to deliver results that will please the developer—that is, to liberally vali-
date the proposed credit issuance. Registries, meanwhile, are not motivated to adopt and enforce
better standards and methodologies because they “compete for market share and are paid per ac-
count and credit issued” (30, p. 6). Other reasons for low quality involve additionality, information
asymmetries, leakage, impermanence, and inadequate monitoring.

3.1. The Overcrediting Problem

Warnings that carbon offset projects are prone to overcrediting date back over two decades. A
major analysis of CDM projects found that 85% had “a low likelihood of ensuring environmental
integrity (i.e., ensuring that emission reductions are additional and not overestimated)” whereas
only 2% had a high likelihood (3, p. 10).
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A large majority of the California Air Resources Board’s offset credits—and more than a third
of all US offset project credits—are from improved forest management, but studies find that such
projects have minimal benefit (6, 31, 32). The overcrediting can be considerable, as in the case
of replacing inefficient, dirty cookstoves (used by more than two billion people globally; 46) with
more efficient ones. A 2024 study noted that cookstoves represent more than 15% of projects in
the VCM but found more than ninefold overcrediting in a large analysis (10). The VCM has a
similar structure and similar problems as the CDM and California compliance markets. Avoided
and reduced deforestation (REDD+) is the single biggest project type, comprising a quarter of
the VCM (44). A recent review of REDD+ projects found an overcrediting ratio of 1:13,meaning
that every real credit was likely issued alongside 12 fake ones (7).

The result is that project types known to be “severely overcrediting produced just under two-
thirds” of the credits issued in the VCM so far (30). Similarly, a 2024 analysis of 65 relevant studies
covering 972 million tons of CO2e, approximately one-fifth of the total credit volume issued to
date, found that at least 812 million are unlikely to represent genuine emissions reductions (4).
Wind energy, improved forest management, and REDD+ accounted for 722 of those 812 million
tons. The authors of this study note that 812 million should be considered a lower bound for
overcredited emissions because they did not consider several key issues, such as double counting
or impermanence, nor did they include a number of studies that indicate integrity issues with
project types they did not analyze (3, 11, 47, 48; see https://carboncreditquality.org).

Many factors can complicate calculation of the correct number of credits to award a project,
especially forestry projects. For example, a 2021 article in Nature reviewed 108 experiments in-
volving elevated CO2 to determine the impact on carbon storage in plants versus soils (49). The
analysis suggests that forests will store less carbon in soil as CO2 levels rise than models suggest—
while grasslands will store more—reducing the net CDR benefit of planting trees in grasslands
and savannas. Also, in 2019 the National Academy of Sciences noted that planting trees “in boreal
zones will have a warming effect that exceeds the cooling effect of reducing GHGs” (50, chapter 3)
and that, above the snow line, “an increase in forest cover reduces surface reflectivity causing more
surface warming.” This albedo effect limits the benefit to the climate of planting trees in northern
regions, as does the fact that “tree planting disturbs pools of soil carbon, which store most of the
carbon in cold ecosystems” (51, p. 1087).

3.2. Additionality, Counterfactuals, Imperfect Information, and Gameability

Imperfect information is a problem inherent to the offset market because when offsets are based
on counterfactuals, their additionality is inherently uncertain. As a 2007 Nature Climate Change
article put it: “No test for additionality can provide certainty about what would have happened
otherwise” (52, p. 86). In 2008, a USGovernment Accountability Office investigation of the CDM
concluded that “it is impossible to know with certainty whether any given project is additional”
(53, p. 39).

Consider the common case where an offset project pays a landowner not to cut down trees.The
counterfactual is no payment. But how does one know if the trees would actually have been cut
down? What if only half the trees were to be cut down? What if the company takes the payment
but simply cuts down the same number of trees elsewhere (leakage, discussed in Section 3.4)?
And what if the preserved forest is later burned down in a wildfire (permanence, discussed in
Section 3.5)?

Significantly, while the CDM has had more oversight than any other offset program (23), it has
been consistently criticized for awarding a great many offsets to clean energy projects throughout
its history that were very unlikely to be additional (3, 19, 20, 23, 25, 48). Furthermore, a 2016
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European Commission analysis found that the CDM’s overall performance had declined over
time, which the authors attribute to an increase in portfolio projects “with more questionable
additionality” (3). A 2024 critique noted: “Project developers have been able to define exaggerated
baseline scenarios and to register nonadditional projects” (30).This happened across the spectrum
of offsets, including renewable energy and hydropower (3, 25), REDD+ (7, 45, 54), and improved
forest management projects (5, 31, 32).

In 2021, a former offsets developer said that when offset rules are written, they often seem
to “ignore the fact that there are 1,000 smart people next door that will try to game them” (55).
These gaming issues have been rampant in offsets markets. A 2024 analysis matched all CDM
projects proposed by Chinese manufacturing firms to contemporaneous firm-level data including
emissions (23). It found that even though the CDM “arguably had more extensive monitoring
and rigorous screening than any carbon offset market in the world” (p. 31), the asymmetric fi-
nancial information between the regulators and the developers “can produce adverse selection
even when monitoring of the technical side of investments and baseline emissions is essentially
perfect” (p. 31). The regulator cannot know and analyze all the factors that go into the devel-
opers’ decisions, both the social benefits (e.g., better public relations) and private benefits (e.g.,
higher efficiency). Thus “even rigorous screening” (p. 31), which is not the norm, may be unable
to determine additionality.

Like JI, the VCM is gameable because an offset developer can usually choose a less rigorous
market and/or methodology. In the 2010s, as the cost of many renewable energy sources plum-
meted, the vast majority of renewable energy-based offset projects became nonadditional (3). In
2019, the two largest offset certifiers, Verra and Gold Standard, stopped issuing offsets from grid-
connected renewable energy projects in more affluent nations. Yet a 2024 report found that the use
of renewable energy-based offsets in the VCM had climbed substantially since 2019; while those
two certifiers no longer register those projects in most places, they continue to issue credits from
existing projects (56). A climate news site noted in August 2024: “Despite long being written off as
largely worthless by climate experts, renewable energy credits are still popular among corporate
buyers” (57). Meanwhile, other certifiers have filled the game, like the Global Carbon Council,
which now “signs off on the kinds of projects that fail to meet minimum standards anywhere else
in the world,” including renewables (58).

3.3. Leakage

Leakage occurs when emissions that are reduced, avoided, or removed within a project boundary
are shifted, wholly or partially, outside of the boundary instead. For instance, an offset project may
pay one landowner not to sell their trees to local timber companies, but the timber companies are
then likely to find other trees to harvest. This is called direct or activity leakage, where those tar-
geted by an intervention move their activities outside of the project boundary (45, 59). Market
leakage occurs when entities that are not targeted change their actions based on changing eco-
nomics. For instance, reduced harvesting inside a project boundary does not reduce for demand
for timber, so the same market incentives exist for lumber companies to find alternative forests to
log (45).

From a practical perspective, the leakage resulting from REDD+ projects that avoid industrial
logging likely cannot be known with any great certainty. There are too many factors involved to
observe the regional or even global market impact of marginally constraining supply in a glob-
alized industry. Still, the peer-reviewed literature suggests that leakage may be extremely high.
One 2023 article analyzed a number of studies and noted that market leakage estimates “are typi-
cally above 70%. . . and can reach >100% (59, p. 794). The calculations for market leakage can be
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project specific and complicated (45), and an accurate, replicable estimate method has not yet been
found. Indeed, some studies choose to ignore market leakage, with methodologies often looking
instead at local leakage in the immediate vicinity of a project (54).

Yet, evidence suggests that despite efforts to promote conservative (i.e., higher) leakage esti-
mates, “the use of arbitrarily low estimates of possible leakage appears widespread” (59, p. 794).
A 2022 study of 86 avoided forest conversion or degradation projects in Colombia, Indonesia,
and Peru found that 29 claimed no leakage, 28 subtracted leakage estimated at a median rate of
only 6%, and the rest provided no data (61). California’s offset leakage profile uses a rate of 20%,
“when a rate of 80% or higher is supported by published studies of leakage rates from reduced
timber harvesting in the United States” (62). At the same time, the majority of improved forest
management projects in the state simply credit a big harvesting reduction in year one and deduct
only the leakage averaged over 100 years. The overall result is overcrediting due to leakage by a
factor of two to five (33).

Concerns about the danger of leakage in nature-based projects date back to the 1990s (63);
warnings that leakage may be as much as 100% (or even more in some cases) date back to the
early 2000s (64). But today, “there is little evidence that current practices to address leakage actu-
ally work,” and leakage estimates in practice appear to be far below what the scientific literature
suggests (59, p. 790).

While leakage is an intractable problem for most REDD+ projects, it poses a smaller threat
when interventions address the demand for deforestation rather than simply attempting to limit
the supply of trees to integrated markets. For that reason, certain demand-side interventions, such
as clean cookstoves, are able to partially resolve leakage considerations.

3.4. Permanence, Carbon Dioxide Removal, and Monitoring

The issue of permanence (or durability) has long been a salient concern for offsetting CO2 emis-
sions because when humans put CO2 into the air, a large fraction stays in the air for centuries (65).
Many researchers argue that offset projects should have a duration comparable to the emissions
they are offsetting. While there is no absolute consensus on what constitutes an acceptable level
of permanence, 100 years has been a likely mode (66). But nature-based solutions projects rarely
promise such durability (67). Issues threatening offset permanence include limited land tenure,
ecological disturbance, human disturbance, and mismanagement. Forestry durability concerns
have only risen as climate change has worsened, as a number of impacts exacerbated by climate
change—particularly pests, drought, and wildfire—directly threaten trees (68). At the same time,
the kinds of monitoring, reporting, and verification needed to back up durability claims are often
lacking. A 2021 review of 174 tree-planting organizations that planted more than one billion trees
found that only 18%mentioned any postplanting monitoring, and only eight discussed their trees’
survival rates (69).

Significantly, researchers and other key stakeholders are increasingly advocating for a focus on
CDR, rather than emissions reductions or avoidance (70). At the same time, many experts have
begun arguing that CDR permanence needs to be considerably longer than 100 years (71–73). A
Nature article published during COP29 by a global group of 25 authors who helped develop the
science of net zero (74) finds that climate “targets should acknowledge the need for Geological
Net Zero,” whereby for each ton of CO2 generated from fossil sources, one ton of CO2 should
be “permanently restored to the solid Earth” (71, p. 343). Here, geological timescale storage is
defined as “multi-century to millennial timescales” (p. 346) Thus, by midcentury, CO2 uptake
by the biosphere and oceans should not be used to offset fossil fuel emissions. A 2024 modeling
study found that a storage duration of under 1,000 years “still leads to continuous warming” and
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thus is insufficient to meet temperature targets like those in the Paris Agreement (72). Its results
“reinforce the principle that credible neutralization claims” for CDR need to balance fossil CO2

mitigation with permanent geologic storage.
Such findings reject the use of CDR from forestry projects to offset fossil CO2 emissions,

leaving various forms of geologic carbon capture and storage (CCS) as the most-modeled long-
term CDR pathways (12). Yet, scaling up geologic-timescale CCS will require a quantum leap in
mandatory monitoring, reporting, and verification. Consider the United States, a global leader
in CCS investment and innovation (75). A 2020 investigation by a US Treasury Department In-
spector General found that companies claiming 87% of the total CCS tax credits worth nearly
$900 million did not comply with rules requiring them to create and use a monitoring plan
approved by the US Environmental Protection Agency (76). “The issue of companies claiming
credits for unverified tons of captured carbon is rampant in the United States,” one group of
climate experts and academics explained (77, p. 3).

Globally, the long-term rate of storage reversals in various geologies is not known (78), but
we do know that expensive advanced monitoring equipment, like satellites and submersibles, can
find unexpected problems (79). Consider the original—and biggest—offshore CO2 storage site,
Norway’s Sleipner gas field in the North Sea. After a $14 million research effort discovered “un-
expected fractures,” one marine geologist told Nature, “there is a much greater chance for some
CO2 to leak out,” than expected (80, p. 339). Sleipner overreported storage by approximately 30%
during the period 2017–2021 due to faulty monitoring equipment (81). In 2011, the In Salah CO2

storage project in Algeria, which had pumped 3.8 Mt of CO2 underground since 2004, was shut
down after a series of risk assessments revealed that CO2 was apparently fracturing the caprock.
The decision was based on a “time-lapse seismic, microseismic, wellhead sampling using CO2

gas tracers, down-hole logging and core analysis, surface gas monitoring, ground-water aquifer
monitoring” and advanced satellite data (82, p. 6226). At present, it is unclear what national and
international bodies will be empowered to enforce long-termmonitoring and regulate potentially
profitable storage projects that cannot or will not comply.

3.5. The Persistent Demand for Low-Quality Credits

It has generally been understood for centuries that it is up to the buyer to ensure the quality of
the product they buy under the principle of caveat emptor (83). Analysts of carbon offsets have
argued that this principle particularly applies to a market as complex and opaque as the voluntary
offset market (84) and that “the Voluntary Carbon Market as a whole should be labeled ‘caveat
emptor’” (85). One major guide to offset buying notes: “It is common to tell credit buyers to ‘do
their homework’” (86, p. 32).

What makes the offset market so unusual and prone to poor quality is that high quality is not a
priority for many buyers (17, 43), because, to date, buyers have had little to gain from purchasing
high-quality credits and little to lose from purchasing low-quality ones. Moreover, unlike almost
every commodity, carbon credits do not correspond to a tangible object—they cannot be tested for
purity or strength like steel, for instance. In fact, many companies have benefited from poor offset
quality because it has reduced credit prices (43). Researchers have noted for a quarter-century
that, even in compliance markets, “there are significant incentives for parties. . . to exaggerate a
project’s net emission reduction effects” (87, p. 16). A 2001 analysis warned that, in a competitive
market, “projects whose accomplishments are easiest to exaggerate will be chosen by developers”
(64, p. 51–52).

Despite more than two decades of effort identifying the myriad problems with low-quality
credits and suggesting strategies to improve quality, evidence suggests that, from 2020 to 2023,
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the largest corporate offset buyers “continuously sourced these low-quality offsets because of their
low cost” (43). An analysis of the 20 companies retiring the most offsets from the largest reg-
istries (VCS, CDM, and Gold Standard) during the period 2020–2023, comprising approximately
one-fifth of all retired tons from those registries, found that 87% of the offsets came from higher-
risk projects, like REDD+ and large-scale renewable energy that are prone to overcrediting
(43).

This flaw in the carbon market has been compared to Gresham’s law (88, 89), which states
that bad money chases out good money. A debased currency of lower intrinsic value will chase a
currency of higher value out of themarket,which is more likely to happenwhen there is “imperfect
information about the quality” of the two currencies (90). In the same way, as the New York Times
explained in 2023: “Bad carbon credits are driving out good carbon credits” (89).

4. OFFSET USE, DOUBLE COUNTING, AND PARIS

So far, we have discussed credit quality only on the supply side. But the demand side also de-
termines quality—do offsets incentivize or disincentivize greater direct emissions reductions, and
howmuch do they replace direct emissions reductions on the part of their buyers? These questions
are inseparable from the double counting question. If both the seller of the offset and the buyer of
the offset count the emissions reduction, then that double counting means emissions targets will
not be achieved, which is why the 2015 Paris Agreement explicitly forbids double counting in its
compliance market. That, in turn, leads to a discussion of whether voluntary offsets can exist in a
Paris target-aligned world—and, if so, what kind. Moreover, because the vast majority of current
offsets are not durable CDR, they displace emissions from one place to another and, thus, do not
necessarily contribute to achieving deep emissions reductions (17).

4.1. Do Offsets Incentivize Direct Emissions Reductions?

Some industry reports have argued that purchasing voluntary offsets by corporations leads tomore
direct emissions reductions (91–93).They find that companies that use a significant number of off-
sets reduce their emissions faster than those that do not, “including renewable energy consumption
and the purchase of Renewable Energy Certificates” (92), which are certificates representing the
environmental value of one megawatt-hour of renewable electricity.

Several journal articles raise doubts about such claims (43, 95, 96). Correlation is not causation:
Just because companies purchasing offsets may also reduce their emissions more does not mean
that offset purchases drive direct decarbonization (97). An analysis of 89 companies that retired
24% of offsets in 2022 “reveals no significant difference in climate strategy ambition” (96, p. 8)
between companies that offset emissions and those that do not; rather, offsets appear to be “a
strategy to maintain or restore legitimacy without accelerating decarbonisation relative to their
peers” (p. 9). Significantly, evidence suggests that, from 2020 to 2023, the largest corporate offset
buyers “continue[d] to source low-quality, cheap credits with minimal climate benefits” (43).

In addition, companies that purchase offsets widely use renewable energy credits (also called
certificates) to compensate for their Scope 2 indirect emissions from electricity purchases. But
researchers have repeatedly found these credits do not represent genuine emissions reductions
and are incompatible with science-based corporate targets (98–100). Removing renewable en-
ergy credits from the analysis may eliminate the correlation between offset purchases and direct
emissions reductions (97).

A widely discussed concern is what constitutes greenwashing, whereby companies overstate
climate action. Up to 40% of statements by corporations about offsets and other green claims
are potentially misleading (101, 102). For example, a 2023 analysis of VCM purchases by oil
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majors finds that most of their offset purchases are not high quality and calls into question their
“claims that emissions from hydrocarbons in LNG [liquefied natural gas] trade, road transport
and aviation have been ‘neutralised’” (103).

A related concern is what level of direct emissions reduction provides “the social license of the
voluntary carbon market as a viable impactful pathway toward global carbon emissions reduction”
(95). For instance, if a company makes a net zero pledge, howmuch of that pledge should be made
through direct emissions reductions for it to be considered credible? A common approach is to
require an emissions cut of at least 90% by 2050 and then neutralize the residual with permanent
CDR (104).

4.2. The Double Counting Problem and Solution

Double counting, sometimes also called double claiming, occurs when both the offset seller and
buyer (or the buyer’s jurisdiction) count the same emissions reduction. For example, consider an
offset project that reduces the seller’s CO2 emissions by 10 Mt. If the buyer can also count it,
then this project would register as reducing emissions by 20 Mt. Such double counting could
eliminate the entire emissions reduction benefits of the Nationally Determined Contributions
(NDCs) made under the 2015 Paris Agreement (105), which is why that Agreement explicitly
sought to address such double-counting scenarios.

The two central solutions to the problem are for either the seller or the buyer not to count the
emissions reduction—solutions that the parties to UNFCCC adopted at COP26 and COP27, re-
spectively. In Paris, the parties requested that the Subsidiary Body for Scientific and Technological
Advice develop guidance to “ensure that double counting is avoided on the basis of a corresponding
adjustment” (37, p. 6).

In practice, that adjustmentmeans: “The country selling emission reductionsmakes an addition
to its emission level, and the country acquiring the emission reductions makes a subtraction” (106,
p. 181). To be clear, at the start of the transaction, the seller has already reduced its total emissions
by 10 Mt. Then, after the sale, it must add back those 10 Mt to its official inventory. The seller
must keep its official emissions total unchanged, as if it had never reduced its emissions in the first
place.

To be Paris compliant in this scenario, “the host country will have to issue a guarantee that it
won’t use the transferred credits against its own NDCs” (107). These emissions reduction credits
transferred from one country to another are called Internationally Transferred Mitigation Out-
comes. At COP26 in Glasgow, parties adopted the term authorized emissions reductions for this
first case, where the seller makes the corresponding adjustment and does not count the emissions
reduction. Such activities would be registered under the Paris Agreement’s Article 6.4 mechanism,
“the new centralized UNFCCC baseline-and-credits mechanism (replacing CDM/JI)” and would
be one of the two types of Article 6.4 emissions reductions (A6.4ERs) (108, p. 5).

In the second case, the buyer does not count the emissions reduction, so it is not treating the
transaction as an offset. In that case, other names are used than the term offset, such as impact claim
or contribution claim (109). At COP27 in Egypt in 2022, the world adopted the term mitigation
contribution unit, or mitigation contribution A6.4ERs, for the second type of A6.4ERs.

4.3. Implications of Corresponding Adjustments for Paris

A key implication of the authorized offset is that the buyer has made achieving their Paris climate
commitment easier, while the seller has made achieving theirs harder. Transferred mitigation out-
comes contribute to the buyer’s NDC targets—not the seller’s. The seller must “uncount” these
emissions reductions.
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Yet, if developed countries skim off the cheapest emissions reductions as lower-cost authorized
offsets today, then the host country is left with higher-cost options for reducing its own emissions
(114). The same concern of “cream skimming” was raised in a 1999 book on the Kyoto Protocol,
which discussed the “potent” fear that projects would “use up the cheapest reduction options in
developing countries” so that when those countries “came to adopt emission commitments, they
would only have more expensive options left” (111, p. 97). This observation raises issues of equity
and climate justice (112), and thus authorized offsets may prove politically unpopular and some
developing countries may choose to avoid them (113). This problem also raises the question of
whether “host countries are disincentivised to adopt ambitious NDCs” (114), given that doing so
will push them toward more expensive mitigation options.

Another implication is that if any such transactions do occur, these authorized offsets will not
be low cost as the majority of voluntary offsets are. Indeed, a World Bank analysis finds that they
could be quite high—andmay ultimately be priced between the seller’s marginal costs of emissions
abatement required to meet its 2030 NDC target and the buyer’s marginal abatement costs (115).
After all, to meet its NDC, the host country would have to mitigate emissions beyond the original
target—at a cost likely equal to or higher than the marginal cost of achieving that target. But
the negotiation “will also be determined by the buyer’s willingness to pay, which, in turn, will be
influenced by the marginal costs of the buyer’s NDC” (115, p. 8).Most host regions have marginal
abatement costs ranging from $31 to $78 per ton of CO2, but some are much lower; the marginal
cost for likely buyers is considerably higher (e.g., $129 per ton CO2e for the European Union
and $155 per ton CO2e for the United States) (115). Corresponding adjustments are a confusing
concept even for many environmental executives (116). Perhaps because of the confusion inherent
in this complicated system, adjustments are “currently trading in the $7–22 range” (117), which
appears to be well below their true value (115).

4.4. Implications of Corresponding Adjustments for the Voluntary
Carbon Market

A remaining question is whether the VCM should require a corresponding adjustment for offsets
that help a host country achieve its NDC target. If the adjustment cost is high, as theWorld Bank
suggests—potentially $100 per ton CO2e or more—that could dramatically change the VCM, as
many potential buyers might simply choose to pursue direct emissions reductions.

Some authors have argued that without a corresponding adjustment in the VCM, there would
be double counting or double claiming just as in the compliance market (110) or that such double
counting would exist in specific situations (118). But others argue that the Paris market and the
voluntary market are two different accounting systems, so there is no double claiming (119), and
that the need for a corresponding adjustment is “unconvincing” (118).

One review of the arguments concludes that a corresponding adjustment is needed to “ad-
dress the fundamental requirement that voluntary offsets must achieve a lower level of emissions
than would have happened anyway” (120, p. 1). Gold Standard, which develops methodologies for
crediting and certifying, has stated that carbon credits without a corresponding adjustment should
not be called offsets because it is “challenging to be sure that the impact of a carbon credit has
not inadvertently displaced an equivalent impact for which the host country has stated targets”
(121). A concern has been raised that without the adoption of the corresponding adjustment, the
voluntary market could become irrelevant or even undermine the Paris Agreement (110). Finally,
since all parties must achieve net zero or near net zero emissions, might it be self-defeating for a
buyer to sell a significant quantity of authorized offsets now, given the risk that the price might
be considerably higher for the replacements later on (17)?
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5. ENVIRONMENTAL JUSTICE AND COBENEFITS

Cobenefits are positive outcomes delivered to communities or local ecosystems in addition to tons
of reduced or avoided GHG emissions (122). In 2007, 28% of CDM projects explicitly claimed
cobenefits in their project design documents, focusing primarily on job creation, training, and con-
tributions to local social and economic development (123).Approximately 28%of projects listed in
the VCM also report additional cobenefits, ranging from biodiversity conservation to community
development (94). Demand for project types with cobenefits is expected to grow, driven by rising
consumer and corporate preferences for carbon credits that deliver broader environmental and
social outcomes, particularly those aligned with the United Nations’ Sustainable Development
Goals (94, 124). This trend is already reflected in the market, as projects with cobenefits trade at
a premium compared with other credit types, demonstrating buyers’ willingness to pay more for
credits that deliver additional environmental and social benefits beyond carbon reduction (94).

While successful carbon offset projects with demonstrated cobenefits exist, particularly in
cookstove programs, conservation, and ecosystem restoration (125–127), a complex picture
emerges when examining the outcomes of the broader industry. This section examines these
outcomes through four key perspectives. First, we discuss the successful projects that have de-
livered meaningful cobenefits to communities and the instances of support for such projects from
Indigenous and local communities (125–127). Second, we examine how, despite established safe-
guarding measures, carbon offset projects tend to fall short of their promised outcomes at times,
due to various factors including complex local socioeconomic and political conditions and, most
importantly, insufficient accountability and enforcement mechanisms (126, 128–135). Extensive
academic literature and investigative journalism document how cobenefits have been overesti-
mated, highlighting a concerning pattern in the outcomes of such schemes (19, 128–133, 136–148).
Third, we examine how the pattern of failures in safeguarding and lack of accountability has
led scholars to characterize certain carbon offset projects as a form of neocolonial appropriation
(135, 142–144, 149–152). Lastly, we discuss how, despite evidence that well-implemented carbon
offset projects can deliver meaningful community benefits, the lack of robust enforcement mech-
anisms continues to pose risks of repeating historical injustices, such that the effectiveness of new
and continued developments will ultimately depend on how well various stakeholders can ensure
accountability and uphold both cobenefits and safeguards in practice.

5.1. Cobenefits in Practice

Carbon offset projects have provided substantial community benefits with local community sup-
port (125–127). Studies have documented economic improvements through job creation and
new income streams from forest carbon initiatives (125, 127) as well as biodiversity conservation
(126). Beyond these impacts, projects have delivered cobenefits through community empower-
ment and education programs (125, 127). Additionally, although some carbon offset projects are
contested by Indigenous leaders (153, 154), other projects have been supported by Indigenous
communities for their potential to provide an additional revenue stream to community-led cli-
mate mitigation and adaptation initiatives and to bolster Indigenous self-determination (155; see
https://www.klc.org.au/savanna-burning-carbon-projects).

The evolution of carbon offset mechanisms since the CDM reveals implementation challenges
in balancing global climate goals with local community needs. The insufficient recognition of
community rights and the lack of proper engagement with local populations create a recurring
challenge across carbon offset projects.Research byHaya&Parekh (136) and Fearnside (137, 138)
has documented multiple instances where hydropower CDM projects proceeded without obtain-
ing proper free, prior, and informed consent from affected local communities. Similar issues have

www.annualreviews.org • Carbon Offsets 663

https://www.klc.org.au/savanna-burning-carbon-projects


D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lre
vi

ew
s.

or
g.

  G
ue

st
 (

gu
es

t)
 IP

:  
20

5.
22

0.
12

8.
10

2 
O

n:
 F

ri,
 1

0 
O

ct
 2

02
5 

14
:2

1:
50

EG50_Art25_Romm ARjats.cls September 26, 2025 9:24

plagued other project types, such as REDD+, where researchers have identified systematic defi-
ciencies in transparency and community engagement during project planning phases (128–131).
Multiple organizations have documented serious concerns about human rights in certain REDD+
projects, including cases of forced eviction and displacement as well as arbitrary detainments (132,
133, 142, 149, 150).

Offset projects may also restrict resource access and disrupt local livelihoods. CDM hy-
dropower projects have significantly affected fishery ecosystems and water security; for example,
detailed studies in Brazil document how the disruption of river ecosystems led to severe reductions
in fish populations, devastating communities that relied on these resources (137, 138). Similar im-
pacts have affected downstream communities in China and Cambodia through water insecurity
and flooding (19, 139). In REDD+ projects, restrictions on traditional forest use have dispropor-
tionately affected marginalized populations dependent upon common pool resources (129, 140).
While some projects offer small payments for forest maintenance (125), they may often prove
inadequate compensation for the loss of traditional livelihoods (128).

Impacts on land governance present another major area of concern. REDD+ projects have
frequently exacerbated preexisting land tenure conflicts, particularly those affecting customary
land rights (128, 131). Elite capture of benefits through corruption and back-channel land deals
has also been documented (141, 143, 145). In other cases, a shift to plantation-style forestry has
displaced traditional agriculture and jeopardized local governance systems (152). These issues
may undermine social equity and community cohesion, and studies have documented patterns of
uneven benefit distribution, often reinforcing existing socioeconomic inequalities and leading to
increased community tensions, particularly in the context of contested land rights and inadequate
safeguards (128, 147, 156).

While many of the above examples draw from CDM credits and REDD+ projects, similar
challenges have been documented in other carbon offset project types (3, 157, 158). Despite the
development of various safeguard mechanisms to protect local rights and interests, the practical
implementation and effectiveness of these measures remain uncertain. This gap between intended
outcomes and actual implementation underscores the need for fundamental reforms in how certain
carbon offset projects are designed and executed.

5.2. Safeguards

The Voluntary Carbon Standard run by Verra, which registers most REDD+ projects today,
has been updating its policies, with regular revisions, in an effort to protect the well-being of
local communities over time (159, 160). The no-harm principle guiding many standards, in-
cluding Verra’s, prioritizes safeguarding human rights, preventing environmental harm, avoiding
unintended consequences, and ensuring that projects contribute positively to both sustainable de-
velopment and climate goals (160, 161).Project developers are also required to carry out additional
procedures, including stakeholder consultation with a public comment period before implementa-
tion, and to provide a grievance mechanism for communities to communicate complaints directly
to developers (160).

However, as outlined in the cases above, safeguarding principles and grievance mechanisms
are sometimes omitted (133), ineffectively implemented, and undermined (128–131). In some in-
stances, filing a grievance required a large fee or processing in offices far from remote areas where
most communities are located (162, 163). In other cases, grievance mechanisms required submis-
sions through physical letterboxes at developers’ offices or direct communication with developers’
representatives, raising concerns about confidentiality and anonymity, which may deter grievance
filing (132, 162, 163). These instances exemplify the kinds of negative outcomes that can arise

664 Romm • Lezak • Alshamsi



D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lre
vi

ew
s.

or
g.

  G
ue

st
 (

gu
es

t)
 IP

:  
20

5.
22

0.
12

8.
10

2 
O

n:
 F

ri,
 1

0 
O

ct
 2

02
5 

14
:2

1:
50

EG50_Art25_Romm ARjats.cls September 26, 2025 9:24

when safeguarding policies are not applied with local contexts in mind or are not implemented in
good faith.

Another issue of contention is conflicts of interest between auditors, project developers, and
registries (164). In both compliance and voluntary markets, developers and registries usually rely
on third-party independent auditors to assess developers’ project documents and implementation
to verify adherence to safeguard requirements in addition to standards and methodologies (164).
While independent third-party auditors are required to validate and verify a project’s technical
performance, they are not specifically required to assess community impacts or oversee stake-
holder engagement processes, which are typically carried out by the project developers themselves
(160). Consequently, studies have found that auditors often certify projects with unaddressed safe-
guard violations and fail to hold developers accountable when safeguard requirements are not met
(134). Additionally, scholars have documented instances of illegal timber harvesting, community
rights violations, and violent eviction that have been overlooked or neglected in audit reports (45,
132, 133). Subsequently, researchers have concluded that this neglect is partly due to the inher-
ent conflict of interest in the structure of crediting mechanisms, where auditors are directly hired
by project developers and, therefore, are incentivized to prioritize favorable results over rigor or
reputational standing (134).

While ambitious safeguards policies can be set, without enforcement mechanisms or compli-
ance procedures other than withholding validation or verification, projects can still operate in
violation of their own standards (45, 165, 166). The failures in safeguard implementation, coupled
with weak enforcement mechanisms and a lack of accountability, have led to regular abuses of
community well-being among a wide range of offsetting projects.

5.3. Local Sovereignty and Tenure

The repeated failures in project governance and community protection echo historical forms of
resource exploitation. The commodification of carbon through neoliberal conservation has some-
times prioritized the interests of external investors and the Global North over local livelihoods,
failing to address the underlying drivers of environmental destruction and, at times, exposing local
communities to the risk of land grabs (143, 145, 152). The breakdown of community safeguards,
coupled with the historically top-down approach of carbon offset projects, has led scholars to argue
that the broader structure exhibits certain neocolonial characteristics (167). This characterization
emerged directly from documented implementation failures, such as the cases outlined above (19,
128–133, 136–139, 142, 146, 149), where patterns of implementation failure have been attributed
to a fundamental tension in the neoliberal framework underlying carbonmarkets,which prioritizes
cost-efficient emissions reductions for developed nations (151) while deprioritizing protections
for local community needs and traditional resource management systems (128, 141, 145, 147,
152, 156). The gravity of these implementation shortcomings is particularly evident in indepen-
dent investigations that document Indigenous rights violations across REDD+ projects, revealing
growing evidence of offset-related land grabs (144, 149, 150, 168).

5.4. A Way Forward

Well-designed and properly implemented projects can substantially benefit local communities,
particularly when developed with Indigenous support and proper safeguards (125–127, 135). But
the growing media scrutiny and independent criticism of carbon offsets have created significant
challenges for market confidence and project implementation (169, 170). In response, offset devel-
opers and registries have undertaken various corrective measures in an attempt to prevent abuse,
including the development of more rigorous standards, enhanced monitoring requirements, and
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improved stakeholder engagement processes, reflecting a growing recognition of the need for
stronger safeguards and more transparent verification processes (70, 169, 171).

However, without adequate enforcement mechanisms and clear accountability frameworks,
there remains a significant likelihood that historical issues will repeat themselves. The persistence
of implementation challenges, particularly around community rights and benefit distribution, sug-
gests that new standards alone may be insufficient without robust enforcement mechanisms. This
situation could potentially attract further criticism and erode market confidence if not adequately
addressed. Looking forward, the effectiveness of recent developments in standards and outcomes
remains to be determined. Emerging initiatives represent important steps toward addressing his-
torical shortcomings. It remains to be determined how these new efforts will play out in practice
and whether they will successfully uphold cobenefits and mitigate harms. The success of these
reforms will ultimately depend on their ability to ensure genuine accountability while delivering
both verifiable climate benefits and meaningful community outcomes.

6. CURRENT EVOLUTION AND TRENDS

In the first years of this decade, carbon markets have undergone a major disruption. In 2021,
the VCM transacted $2.1 billion in credits, but by 2023, it had contracted to $723 million (172).
In this section, we explore the factors contributing to this market contraction and the range of
proposed responses and initiatives intended to address the well-documented problems affecting
the voluntary and compliance markets. These include the growing shift away from compensation
claims—where credits are said to negate other emissions—and toward nonoffsetting contributions
claims.We also review the evolving policy environment, including the latest decisions (at the time
of finalization) under the Paris Agreement and efforts to regulate offsets and liability in other
jurisdictions.

6.1. Causes of the Market Contraction

The recent disruption to carbonmarkets followed a series of high-quality research outputs demon-
strating pervasive overcrediting in both voluntarymarkets (4, 7, 10, 17, 45, 54, 173) and compliance
markets (5, 6). Many of these articles generated press coverage in popular media outlets (55, 174–
176). This body of research was augmented by high-quality investigative reports published by
journalists in respected magazines and newspapers (16, 18, 177). These articles detailed deceptive
business practices, adding narrative salience to researchers’ incriminating, but impersonal, analy-
ses. Many large companies that had previously embraced offsets reversed their positions. United
Airlines stepped back from all carbon crediting, and in 2023 its CEO publicly denounced the ma-
jority of offsets as “fraud” (178). The same year, Delta Airlines was sued over its claim to be the
world’s first carbon-neutral airline, and the company later halted its purchasing of credits, joining
a growing list of large firms reducing their reliance on the VCM (180).

6.2. Market Responses and Innovations

In response to decreased demand and the prospect of regulation, several supply-side innovations
have sought to address the market’s current challenges. These efforts have generally taken one of
two approaches: (a) increasing credit quality or (b) changing the fundamental claim behind offset
projects.

6.2.1. Efforts to increase quality. Industry groups, eager to demonstrate to policymakers that
developers can effectively self-regulate, have sought to chart a middle ground between increasing
credit quality and preserving market access for incumbent firms (181). Chief among these efforts
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is the Integrity Council for the Voluntary Carbon Market (ICVCM), which in 2023 published
a set of principles meant to distinguish between high-integrity and low-integrity credits. The
ICVCM is currently reviewing—and approving or rejecting—existing crediting methodologies.
InNovember 2024, twomembers of the ICVCM’s expert panel, including the panel’s cochair from
2021 to 2023, resigned over the ICVCM’s decision to endorse methodologies for forestry credits
they say do not adequately address the risks of overcrediting, nonadditionality, and impermanence
(182).

Other recent supply-side developments include a growing interest in “engineered removals,”
such as through direct air capture—which are generally more expensive but regarded as posing
fewer challenges for quantification and additionality—and a shift toward jurisdictional REDD+
projects (183). On the demand side, institutions are actively debating how credits ought to be ap-
plied in corporate carbon accounting. In 2023, the Voluntary Carbon Markets Integrity Initiative
published its Claims Code of Practice, which stipulates, among other things, that companies must
phase out the use of carbon credits after 2035 in order to meet a certain (beta version) of its stan-
dard. As of July 2025, SBTI is also reviewing how it allows companies to apply carbon credits to
their decarbonization targets.

Simultaneously, researchers and others are increasingly recommending a focus on removals
rather than emissions reductions or avoidance (70). While often couched in the pithy phrase “we
can’t offset our way to net zero,” the shift to removals is also driven by the view that quantifying
removals and demonstrating additionality is an easier task because most removals do not depend
upon a counterfactual scenario in the way that avoidance and reductions do. Because many coun-
terfactual scenarios cannot be proven with high confidence and are highly susceptible to gaming,
advocates of removals argue that they offer a more trustworthy pathway to addressing residual
emissions. That may be the case, but major unresolved questions remain about scaling high vol-
umes of durable removals globally given economic and geophysical constraints (see Section 7) (60).

6.2.2. The contributions approach. The second approach to resolving the quality issues un-
derlying carbon credits has been to shift away from framing carbon credits as compensation that
negate emissions within a purchaser’s inventory. Under this new approach, payment for climate
mitigation projects is framed instead as a contribution that is not meant to neutralize or reduce
a firm’s carbon footprint (184–186). This has been framed as “taking responsibility for emissions
without offsetting” (187). As discussed above, the UNFCCC has embraced a similar approach
for the mitigation contribution unit or mitigation contribution A6.4ERs in the Paris compliance
market.

The contributions approach seeks to provide finance for conservation and other valuable en-
vironmental interventions while avoiding the issues that have plagued carbon markets since their
inception. It remains to be determined whether prospective funders of contributions-style projects
would still see value in contributing financial resources without receiving a corresponding credit
against which they can reduce their reported emissions against their climate targets. A potential
middle-path approach could involve a certification program for companies that pursue a science-
aligned contributions approach across their operations, for instance, by paying a carbon tax equal
to the social cost of carbon and contributing the proceeds to high-quality offset projects (187).
Such a certification would not claim that a company was carbon neutral but could conceivably
include other language (e.g., climate accountable).

6.3. Recent Developments on Article 6

In 2024, parties to the Paris Agreement agreed at COP29 to advance draft text that further op-
erationalized Article 6 of the Agreement. Article 6 calls for creating UN-approved pathways for
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countries to collaborate on emissions reductions and removals in ways that are recognized against
national climate change pledges (NDCs). The Article 6.2 pathway calls for bilateral arrangements
between nations, while the Article 6.4 market, a successor to the CDM, allows private developers
to generate and sell authorized credits and MCUs.

Notably, the new text includes a “sustainable development tool” intended to promote environ-
mental and social safeguards, and the mechanisms are instructed to prohibit credits issued against
projects that could potentially lead to the “lock-in” of fossil energy infrastructure (188). But nego-
tiators’ achievements seem unlikely to address the relatively intractable problems addressed above.
For example, the proposed language on credit quality requires that methodologies ensure issued
credits are additional and that leakage is accounted for. But many (if not all) relevant methodology
developers operating today would contend that credits issued under their guidelines are already
high quality. Put differently, the United Nations is not necessarily creating new rules but rather
restating long-ignored tenets of carbon market development, with the specious expectation that
this time the outcomes might differ significantly.

The new UNFCCC pathways retain many of the highly problematic features of their pre-
decessors. These include a relative lack of enforcement mechanisms or penalties that would
disincentivize parties from selling or buying dubious or fraudulent credits. For instance, the draft
text only “requests” (rather than requires) countries to abstain from using Article 6.2 credits that
have been identified in quality checks as potentially double-counted (189). In a telling decision,
hundreds ofmillions of CDMcredits are likely to be transferred over to become Article 6.4 credits,
despite their well-documented problems.

How Article 6 is operationalized will now depend on the decisions of UNFCCC bodies, in-
cluding the Article 6.4 Supervisory Body and the Technical Expert Review process. It will also
depend on whether (and how) parties choose to rely on Article 6 credits to achieve their NDCs.
As of 2022, 120 nations indicated in their NDCs that they might use UNFCCC market mecha-
nisms; only 13 reported that they would not (190). Ultimately, the outcome of COP29 suggests
that UNFCCC decision-makers have not sufficiently heeded decades of evidence regarding what
works in carbon markets and what undermines credit quality.

7. CONCLUSION

A broad review of research on carbon credits suggests that many of the problems plaguing the
market are likely intractable. Put differently, the present market failures are not due to a few bad
apples but rather to systematic, deep-seated problems, which will not be resolved by incremental
changes. In light of these findings, our primary recommendation is that all stakeholders focus on
creating rules to find and fund the relatively few high-integrity approaches while employing al-
ternative, nonoffsetting strategies (such as contribution claims) for the rest. In addition, a primary
focus for offsets going forward must be on high-quality durable removals, which sharply con-
strain what CDR is viable (191, 192), along with strong and enforceable long-term monitoring,
reporting, and verification.

Warnings of intractable offset quality problems date back a quarter-century (64, 87, 111). A
1999 book on the Kyoto Protocol discussed “the danger that the CDM could become a mecha-
nism for weakening action in the industrialized world without any offset additional activity in the
developing countries” (111, p. 229). This is the same fear we have today for both voluntary and
compliance markets, especially as the latter starts accepting CDM projects.

Wefind that the only way to significantly improve offset integrity is by limiting projects to those
highly likely to be additional (3). We also find that the leakage and durability problems rule out a
large majority of forestry projects, including REDD+, for offsetting fossil CO2 emissions (59, 71).
We conclude that, due to intractable or nearly intractable problems in additionality, permanence,

668 Romm • Lezak • Alshamsi



D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lre
vi

ew
s.

or
g.

  G
ue

st
 (

gu
es

t)
 IP

:  
20

5.
22

0.
12

8.
10

2 
O

n:
 F

ri,
 1

0 
O

ct
 2

02
5 

14
:2

1:
50

EG50_Art25_Romm ARjats.cls September 26, 2025 9:24

and leakage, the following are generally not well-suited to offset approaches: REDD+ and im-
proved forest management, renewable energy generation, and soil carbon sequestration.However,
research has documented that high-integrity offsets are possible at the project level with certain
rigorous approaches, including clean cookstoves (10) and landfill gas capture (3). While research
on these project types still finds regular overcrediting, the underlying issues are not intractable
and could conceivably be remedied with appropriate tools and conservative accounting. Further
research is needed to ascertain whether other project types (e.g., wetland restoration) could reach
reasonable thresholds of integrity.

In any event, these high-integrity approaches would still require that corresponding adjust-
ments be made to avoid undermining Paris commitments. Exceptions to that rule might apply to
CDR taking place outside of national boundaries, projects taking place in jurisdictions that are
not party to the Paris Agreement, or engineered removals that are not counted toward any NDC.

A key question is whether a world that must approach net zero at midcentury can, in the long
term, accommodate offsets that are not high-quality removals with geologic storage. The vast
majority of current offsets are avoided emissions or emissions reductions, so they merely shift
emissions from one place to another if they are used to neutralize other emissions. Thus, they are
not driving rapid and deep decarbonization. Finally, since everyone has to go to zero or near zero,
isn’t it counterproductive for a country to sell a significant quantity of authorized offsets now with
the risk the price might be considerably higher in the future for the replacements?

In terms of removals, the 2022 IPCC mitigation assessment looked at emissions pathways in
the literature and found that CDR high-quality removals options “are mostly limited to BECCS
[bioenergy with carbon capture and storage], afforestation and direct air CO2 capture and storage
(DACCS)” (193, p. 85).With afforestation unable to meet geologic net zero and other criteria, the
focus shifts to DACCS and BECCS.

Yet CCS is not yet commercially scalable, as the IPCC’s 2022 mitigation assessment noted:
“Implementation of CCS currently faces technological, economic, institutional, ecological-
environmental and socio-cultural barriers” (12, p. 28). Significant and unresolved questions remain
about the possibility of achieving high volumes of CCS given economic and geophysical con-
straints (60). For reference, capturing and storing only 3.5 Gt CO2 a year geologically generates a
volume of supercritical CO2 of approximately 100 million barrels a day—the current production
level of the global oil industry, which took a century to develop (194). That would leave a quarter-
century between now and midcentury to scale an industry capable of capturing, transporting, and
burying a comparable volume to sequester approximately 7% of GHGs emitted annually today.

BECCS and DACCS are not commercially viable today. Together, they sequestered only
0.001% of global GHG emissions in 2023 (195). Trying to scale either one in the foreseeable
future would be counterproductive (see the sidebar titled Scalability Challenges Facing BECCS
and DACCS). Carbon removal has a “long history” of initial hype of innovations “that so far have
all failed to live up to expectations” (196). If we do not “drastically reduce emissions first,” CDR
“will be next to useless,” argues a 2023 Nature article (197, p. 9), which concludes: “We must be
prepared for CDR to be a failure.”

So, the world’s focus must be on rapid and deep GHG emissions reductions with the goal of
reaching near zero emissions by midcentury. Governments, academic researchers, and industry
partners must aggressively pursue research and development on CDR strategies to determine
which are the most practical, scalable, affordable, durable, and verifiable over time. Those re-
ductions and CDR strategies that do scale must be consistent with environmental justice and the
protection of the rights of Indigenous people and local communities. Finally, non-CDR offsets
must be used with extraordinary caution and should be phased out by 2035, as the Voluntary
CarbonMarkets Integrity Initiative recommended in 2023, especially if they lack a corresponding
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SCALABILITY CHALLENGES FACING BECCS AND DACCS

In bioenergy with carbon capture and storage (BECCS), growing biomass removes CO2 from the air, and a CCS
system on the bioenergy plant buries it. A 2022 review by the European Academies’ Science Advisory Council
concluded that BECCS was not scalable and that “there are substantial risks of it failing to achieve net removals
at all” (200, p. 2). Significantly scaling up BECCS would rely heavily on cutting down trees, which in turn would
increase net emissions—and thus warming—for decades, since it would take that long for the replanted seedlings to
grow and absorb enough CO2 to make total BECCS life-cycle emissions negative as opposed to leaving the original
trees alone and deploying the best low-carbon alternatives at that time (200, 201). As the IPCC concluded in 2022,
“BECCS is not projected to be widely implemented for several decades” and it “is associated with early-on positive
CO2 emissions and net-negative effects are only achieved in time (carbon debt), and its potential is limited” (12).
These positive emissions and warming keep growing as long as the biomass harvesting keeps scaling up, and the
resulting carbon debt doesn’t even start to decline until that scaling up ends (201).

Direct air carbon capture and storage (DACCS) pulls CO2 directly out of the ambient atmosphere and sequesters
it underground. The European Academies’ Science Advisory Council noted that “up to 20 times as much energy
is required to remove a tonne of CO2 from the atmosphere than to prevent that tonne entering in the first place”
(200, p. 16). DACCS is highly energy-inefficient (50), and until the grid is nearly carbon-free, the zero-carbon
electricity needed to run DACCS would reduce far greater emissions more cheaply by directly replacing fossil fuels
in power generation (202). Similarly, as the grid decarbonizes, powering electrification technologies like electric
vehicles or heat pumps will be a better application of renewable energy than running DACCS, in terms of emissions
abatement (203). Put differently, scaling up DACCS by 2050 past 1 Gt CO2/year “could risk incurring significant
energy-transition opportunity costs” (204). Tellingly, the median value of DACCS removals in 2050 in the pathways
assessed by the IPCC is 0.02 Gt CO2/year (193).

adjustment. As Energy Australia, one of the country’s largest electricity and gas providers,
acknowledged in a May 2025 settlement agreement, “Burning fossil fuels creates greenhouse gas
emissions that are not prevented or undone by carbon offsets” (198).

Expending significant effort and funds to “improve” and expand the business-as-usual use of
non-CDR offsets brings to mind the timeless advice from Peter Drucker in the Harvard Business
Review: “There is surely nothing quite so useless as doing with great efficiency what should not
be done at all” (199, p. 53).

SUMMARY POINTS

1. Carbon credits in both voluntary and compliance markets face seemingly intractable
issues, leading to rampant overcrediting and undermining global climate progress.

2. The most severe issues are nonadditionality, impermanence, leakage, double counting,
perverse incentives, and the gameability of crediting systems,where bad actors have been
able to routinely circumvent even well-designed rules.

3. These intractable problems have persisted despite more than two decades of efforts at
market reform and seem unlikely to be resolved in the foreseeable future by ongoing
interventions by international and/or nonstate actors.

4. Irrespective of their climate impact, carbon credits demonstrate a pattern of major
environmental justice violations. However, many projects are championed by local
communities, Indigenous groups, and conservationists.
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5. After nearly a decade of negotiations, COP29 launched the Paris Agreement’s global
compliance markets for carbon credits, in the form of a bilateral pathway and a
credit-based successor to the Clean Development Mechanism. But the United Nations
Framework Convention on Climate Change (UNFCCC) did not substantially address
quality problems, creating the risk the market will be rife with overcrediting and other
shortcomings.

6. The voluntary carbon market could undermine the UNFCCC approaches. We rec-
ommend urgently phasing out non–CO2 removal (CDR) offsets over the next decade,
especially if they lack a corresponding adjustment.

7. Going forward, all offset markets should prioritize developing high-integrity, durable
CDR and storage, while recognizing that the recent literature has raised the question of
whether durable means 100 years, 1,000 years, or longer.

8. Future research and investment is necessary to understand what role—and at what
scale—CDR can play in helping meet global climate goals and limiting climate
change.

FUTURE ISSUES

1. Are high-integrity offsets scalable, and if so, at what price? Answering this question will
determine the size and volume of a hypothetical high-integrity offset market.

2. How will industry actors and policymakers use the nascent Article 6 credits?

3. Should renewable energy certificates be disallowed for offsetting corporate Scope 2
emissions?

4. Can durable CDR fill the gaps previously occupied by carbon credits and create robust
demand for carbon-negative technology? How would large-scale CDR operate given
finite resource constraints (particularly land) and high costs?

5. What national and international bodies might enforce the needed long-term monitor-
ing of long-term CDR, and, if necessary, stop storage projects based on the results of a
monitoring program?

6. What role should high-integrity credits and/or CDR play in corporate climate commit-
ments? Should they be eligible to be claimed against corporate inventories, or should
claims be restricted to the contributions model?
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