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Demand for low-quality offsets by major
companies undermines climate integrity of
the voluntary carbon market

Gregory Trencher 1 , Sascha Nick 2, Jordan Carlson 1 &Matthew Johnson3

Most companies include carbon offsets in their net-zero strategy. However,

many offset projects are poor quality and fail to reduce emissions as claimed.

Here we focus on the twenty companies retiring the most offsets from the

voluntary carbonmarket over 2020–2023.Weexamine if their offsets could be

considered high quality and likely to benefit the climate. We curate an original

company-level dataset to examine quality and climate benefits across four

dimensions: (1) use of offsets from low/high-risk project types; (2) age of

projects and credits; (3) price of credits; and (4) country of implementation.

We find that companies have predominantly sourced low-quality, cheap off-

sets: 87% carry a high risk of not providing real and additional emissions

reductions, with most offsets originating from forest conservation and

renewable energy projects. Further, most offsets do not meet industry stan-

dards regarding age and country of implementation. These findings provide

further evidence that the voluntary carbon market is not supporting effective

climate mitigation. Particularly, we show that its persisting quality issues are

exacerbated by the demand for low-quality offsets by individual companies.

Increasing numbers of companies have pledged to reach net zero by
20501 to support climatemitigation efforts under the Paris Agreement2.
To reach this goal with minimal changes to the underlying business,
many companies are using or plan to use carbon offsets (also known as
carbon credits)3. Offsets can be procured at low cost and are abundant
on the voluntary carbonmarket (VCM). The appeal of offsets lies in their
ability to allow companies to outsource decarbonisation efforts to
external initiatives, thus avoiding themoredifficult taskof transforming
their own operations and supply chains and phasing out fossil fuels4,5.
The VCM has consequently grown rapidly. Valued at approximately US
$2 billion in 2022, it is forecast to expand further in value and scale as
companies increasingly seek to offset their emissions6.

However, claims by companies that offsets provide a reliable
tonne-for-tonne means to neutralise their greenhouse gas (GHG)
emissions have lost credibility due to increasing evidence that many
offset projects are of low quality and fail to deliver the emissions

reductions they promise7. Criticism has particularly concerned offsets
from REDD+ (forest conservation)8–11 and renewable energy
projects12–14. Such projects issue credits based on the claim to have
avoided GHG emissions, but they are prone to over-crediting and
exaggerating their ‘additionality’ (i.e. when a project would not be
implemented without the revenue generated by selling offsets)15. The
larger concern is that if offsets do not represent real GHG reductions,
global emissions will increase if companies use them to counter-
balance their carbon-emitting activities16. Recognising this, the
science-based targets initiative, seeking to align corporate dec-
arbonisation strategies with pathways to keep global warming below
1.5 °C, requires that companies pursue net-zero targets by reducing
emissions within their value chainwithout using offsets17. As terms like
‘junk’18, ‘worthless’19 and ‘carbon con’20 are increasingly associatedwith
offsets, companies relying on offsetting to accelerate decarbonisation
also risk accusations of greenwashing21–23.
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Suppliers and buyers of offsets have attempted to circumvent
such concerns by claiming to use ‘quality’ offsets21,24. Guidance
about offset quality has also emerged from VCM governance fra-
meworks and from best-practice principles proposed by various
stakeholders25–28. Despite considerable heterogeneity across differ-
ent conceptions of quality29, most stress the need to ensure addi-
tionality and permanence, avoiding over-crediting and double-
counting, and protecting against negative effects on society and the
natural environment7,15,26,28,30.

Such quality principles, however, do not guarantee genuine cli-
mate benefits. Consider the case of an offset fromawind farmor forest
conservation project that started 15 years ago. The climate impact of
claiming such an offset todaymay be compromised in four ways. First,
renewable energy projects carry a high risk of overestimating emis-
sions reductions and lacking additionality12,13,15. Second, using histor-
icalmitigation activities to offset emissions today fails to promote new
decarbonisation activities beyond those already scheduled to occur31.
Indicators of quality should therefore consider the age of offset pro-
jects and credits32,33. Third, quality indicators should also address
price. Cheap offsets typically originate from over-credited projects
with low additionality15, diverting funds from projects with higher
quality control measures that cost more11. Fourth, in countries where
renewable energy has diffused widely and become standard practice,
there is a weak argument for additionality. Thus, projects like renew-
able energy should be implemented in countries where such technol-
ogies have not yet mainstreamed due to technological, financial or
policy hurdles12,13. Meanwhile, to draw down and permanently
sequester historical emissions in pursuit of net-zero emissions, VCM
best-practice principles34,35 and researchers36–38 have emphasised the
importance of upscaling investments in carbon removal.

Since offset quality is strongly influenced by characteristics at the
individual project level, the extant literature has focused on GHG
accounting methodologies and assessing project-level climate
benefits8,11–13,30,39. Yet there remains a need for a framework and indi-
cators that can be applied with readily available market-level data to
determine if the offsets retired by large corporate buyers correspond
with key metrics of high quality and high climate benefits. However,
firm-level analyses5,40–42 are few, despite many companies depending
heavily on offsets to pursue decarbonisation goals. Further, scholars
have yet to exhaustively study the publicly available data on registries
to examine the behaviour of large-scale corporate offset buyers.

Accordingly, we examine the characteristics and quality of the
offsets used by the twenty companies responsible for retiring the

largest volumes on the VCM between January 2020 and December
2023.Webuild anoriginal dataset that compiles each company’s offset
procurements from the VCM’s three largest registries: Verra’s Verified
Carbon Standard (VCS), the United Nation’s Clean Development
Mechanism (CDM) and Gold Standard (GS). After clarifying the extent
to which offset retirements support emissions avoidance or removal,
we set out to answer: ‘Towhat extent could the offsets retired by these
companies be considered high quality and likely to benefit the cli-
mate?’. We investigate retirement behaviour across four dimensions
(Table 1): (1) use of offsets from low/high-risk project types; (2) age of
projects and credits; (3) cost of credits and (4) country of imple-
mentation (applied only to renewable energy projects).

The analysis reveals that these twenty companies predominantly
sourced their offsets from low-quality avoidance activities. Most off-
sets carry a high risk of overestimating emissions reductions and fail to
meet industry standards regarding age and country of implementa-
tion. We also find that companies have actively targeted cheap credits.
Our results provide further evidence that predominant practices on
the VCM are not supporting effective climate mitigation. Our con-
tribution is to demonstrate that 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. We
alsoprovide thefirst publicly availabledataset compiling the attributes
of offsets used by the largest corporate buyers on the VCM. This
complements the extant literature’s focus on supply-side issues such
as project characteristics and registry methodologies.

Results
Scale and context of offsetting activity
Collectively, the twenty companies examined retired 134MtCO2e over
2020–2023 (Fig. 1a). This volume is considerable, representing just
over one-fifth of all global retirements made on the three registries
(VCS, CDM and GS) during the same period (Table S1).

All companies but one in our sample have used offsets to claim
carbon neutrality or pursue decarbonisation targets (Table S2).
Domains of offset use extend from operational emissions (e.g. Boeing,
Telstra and Norwegian CL) to various claims of ‘carbon-neutral’ pro-
ducts, such as offset-bundled LNG tankers (Shell and Chevron), parcel
delivery (DPD and Yamato) and flights (Delta Airlines and easyJet).

The two largest offset buyers are Shell and Delta Airlines, each
retiring around 23.5MtCO2e over 2020–2023 (Fig. 1a andTable S3a, b).
Retirements by these two companies alonemake up roughly 35% of all
offsets in the data set. Most companies retired far less than this: mean

Table 1 | Framework for assessing offset quality and climate benefits

Dimension Indicator Rule or standard illustratively used, coding frame-

work and data source

Scientific basis in

literature

1. Relative quality risks Do credits come from offset project types with a

lower likelihood of overstating their emissions

reduction or additionality?

Categorisations of offset project types with a lower,

medium and higher risk using the relative quality risks

framework in the Quality Offsets Guide by the Stock-

holm Environmental Institute and GHG Management

Institute15.

8,10,12,13,15,16

2. Age Is thewindowbetween the offsetting activity and

the time of retirement in line with industry

standards?

Rule by Carbon Offsetting and Reduction Scheme for

International Aviation (CORSIA) that excludes credits

with a vintage year and project start year earlier

than 2016.

15,21,32,75

3. Price Does the credit come from offset project types

that typically sell for above-average prices?

Estimates of the average price paid for offsets by pro-

ject category from Ecosystem Marketplace76.

11,15,21

4. Country of implementation

(applied to renewable energy

projects)

Do credits derive from projects implemented in

low-income countries where the diffusion of

renewable energy is low and hampered by mar-

ket or policy conditions?

(1) Rule by GS and VCS that limits eligible renewable

energy projects to those located in a least developed

country (LDC), and (2) Rule by GS that limits eligible

renewable energy projects to those located in a low-

income country or lower-middle income country

where the penetration rate of the proposed energy

technology is below 5%. Country classifications and

data from World Bank79 and IRENA57.

12,13,58
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and median retirement volumes in the dataset are 6.71MtCO2e and
3.84MtCO2e, respectively, over 2020–2023.

When procuring offsets, the companies have predominantly tar-
geted VCS (Table S4), whichmakes up 102MtCO2e or 76% of all offsets
retired by the twenty companies. This volume represents one quarter
(24%) of all retirements made on VCS globally over 2020–2023
(Table S1). CDM is the next most targeted registry, accounting for
26.4MtCO2e or 20% of all retirements. This volume represents 22% of
all worldwide retirements conducted through CDM during the four-
year period. The third registry, GS, is the least used, making up only
5.16MtCO2e or 4% of all global retirement made on this registry. In
sum, our results show that the twenty companies examined are among
the largest buyers on VCS and CDM, the two largest registries globally
in terms of credit issuances21.

Mitigation approach: retirements focus on emissions avoidance
Offset projects fall into two broad categories: (1) avoidance, where
mitigation activities like renewable energy or improved forest protec-
tion generate credits based on the claim that GHG emissions were

avoided compared to a counterfactual scenario where the activity
was not implemented; and (2) removals, where nature-based or
engineering-based initiatives directly capture and sequester atmo-
spheric CO2. Stakeholders

28,35, industry guidelines27,43, researchers36–38,44

and the IPCC45underscore the importanceof removals for achievingnet
zero, minimising emissions overshoot, and drawing down historical
emissions, which could help reverse temperature rise once net zero is
reached. The authoritative Oxford Principles even declare that organi-
sationsmust ‘shift toward carbon removals’ away fromavoidance34. Pro-
removal discourse often emphasises engineering-based removal with
permanent geological storage. However, such technologies are imma-
ture, in short supply, and were unavailable on the registries studied
during 2020–2023. Accordingly, we consider here each company’s
share of offsets from nature-based removal activities (e.g. afforestation,
soil enhancement).

Results show that almost all offsets retired by the twenty com-
panies are from avoidance projects (Fig. 1b, d). Avoidance offsets
account for over 97% (131MtCO2e) of all retirements in the dataset.
Similarly, eighteen companies sourced 90% or more of their offsets

Fig. 1 | Volume of offset retirements and proportion of emissions avoidance

and emissions removal. aAbsolute volumes of all offsets retired by each company

over 2020–2023. b Relative shares of avoidance or removal offsets retired over

2020–2023. Both panels show aggregated yearly results for each company that

appear in Table S3a, b. c Absolute volume of avoidance and removal offsets for all

companies by year. d Relative share of avoidance and removal offsets for all

companies by year. Classification into avoidance, removal and mixed follows the

University of California Berkeley’s Voluntary Registry Offsets Database64.
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from avoidance activities. In contrast, offsets from removal projects
account for merely 2.3% of all retirements across the companies. Only
three (PetroChina, easyJet and Audi) demonstrate meaningful
engagement with carbon removal, each obtaining 5% or more of their
offsets from removal projects.

We also do not find any evidence of a shift towards carbon
removals (Fig. 1c, d and Table S3b). Indeed, the annual share of pure
removal offsets rose substantially in only one year; reaching 1.1% in
2021 compared to 0.3% in 2020. This share remained stagnant in 2021,
then contracted to 0.6% in 2023. Furthermore, only two companies
(Audi and Takeda) visibly increased their share of removal credits over
the four years.Most evident is Audi, increasing its removals share from
none in 2020–2021 to 10% over 2022–2023. However, many compa-
nies decreased their share of removal credits over the same period:
Shell, Volkswagen, Boeing, PetroChina and EY each reduced their
removal share in 2022–2023 to below half of 2020–2021 levels. Thus,
we find that demand for avoidance credits is substantial, persistent
over time, and unaffected by VCM discourse around the need to
reduce reliance on avoidance and shift towards carbon removal.

It should be emphasised that carbon removal projects are not
immune to the quality issues affecting avoidance projects46. For
instance, afforestationand soil enhancementprojects havebeen found
to overestimate carbon stockage16 and lack additionally47,48. Further-
more, nature-based solutions are unable to store carbon permanently
for the millennial timescales required for effective climate
mitigation44,49. These issues motivate us to separate the above analysis
of mitigation strategy from the following evaluation of offset quality.

Relative quality risks: retirements dominated by high-risk
offsets
The offset projects used by the companies are shown in Fig. 2a, d. In
thefirst dimension of our quality assessment, we adopt a framework of
relative quality risks published by the Stockholm Environmental
Institute and the GHG Management Institute15. Although the frame-
work does not assess quality based on individual project character-
istics, it operationalises the view that some project types are, ceteris
paribus, more likely to lack additionality, overestimate emissions
reductions, or encounter leakage.

We find that companies have overwhelmingly sourced high-risk
offsets (Fig. 2a). 87% of credits fall into this high-risk category, whereas
those credits with a low-risk profile make up only 6.0% of all
retirements.

Most high-risk offsets stem from forestry and land use projects
(mainly REDD+ initiatives, which conserve tropical forests and prevent
deforestation) and large-scale renewable energy projects sized > 15
MWe. Medium-risk projects (e.g. household and community biodige-
sters, cookstoves, small-scale renewable energy projects sized ≥ 15
MWe) make up only 6.7% of purchased credits (Fig. 2b).

REDD+, classified as high-risk, is the most frequently used offset
type by far (Fig. 2c). Comprising 58.2MtCO2e (43%) of all credits
retired, REDD+ projects feature in the retirement portfolios of sixteen
companies. Notably, Gucci obtained 100% of its offsets from REDD+
projects. The strong preference for offsetting emissions via REDD+
projects should cause significant doubt regarding firms’ net-zero
claims because most projects investigated in prior research have not
achieved their stated climate benefits and over-issued credits. These
investigations showed tendencies to exaggerate historical deforesta-
tion trends or regional baselines8,9,11,48, failures to reduce deforestation
to levels claimed by developers8,10, and emissions leakage, where
deforestation shifts to another area11.

Renewable energy projects are the next most sourced offset type,
comprising 36%. Wind projects are the most voluminous (40%) in this
category, followedby solar (33%) and hydropower (16%).Most of these
renewable installations are large-scale, classified by the aforemen-
tioned framework15 as higher risk. This is due to the strong likelihood

of miscalculating emissions avoided through fossil-power displace-
ment or their weak additionality, since revenue from renewable elec-
tricity rather than offset sales is usually the decisive factor for
investments. Numerous studies confirm the high likelihood of such
problems ocurring12,13,50,51. Furthermore, renewable electricity has
become competitive relative to fossil fuels around the world due to
declining costs and supportive government policies52. As such, instal-
ling renewable energy has become standard practice rather than
additional.

In our sample, twelve companies have offset their emissions with
hydropower. Norwegian CL, a global cruise operator, sourced more
than half its offsets from hydropower while Banco BV and Chevron
each retired 2.99MtCO2e and 1.38MtCO2e. However, hydropower
projects are highly unlikely to be additional, since most receive gov-
ernment support as infrastructure projects and are built regardless of
the opportunity to capture extra revenue through offset sales50. As a
result, hydropower projects are no longer allowed to register on VCS
and are prohibited under a number of emissions trading schemes53 and
best-practice VCM frameworks54.

Age: heavy reliance on historical actions not meeting industry
standards
The second dimension of our quality assessment addresses the age of
offsets, considering both vintage years and project start years. Results
indicate that companies have sourced most of their offsets from aged
projects, too old to meet even lenient quality standards in the VCM.

Figure 3 indicates that three-quarters (75%) of offsets retired
would fail to meet eligibility rules for the carbon offsetting and
reduction scheme for international aviation (CORSIA),managed by the
United Nation’s International Civil Aviation Organization. To qualify in
CORSIA, offset credits must derive from projects that started issuing
credits in 2016 or later. Likewise, a project’s vintage year, or the year a
particular mitigation action occurred, must also be 2016 or later.

In applying the 2016 cut-off year to our analysis, we acknowledge
that CORSIA targets airlines, sets only a soft standard31,55, and that
meeting the cut-off year does not inherently guarantee key quality
attributes such as additionality. Nonetheless, the 2016 cut-off year
aligns with what many industry stakeholders and offset trading plat-
forms (e.g. CBL and ACX) have considered an acceptable age limit for
offsets32 (see “Methods”). Moreover, setting a limit on the maximum
vintage andproject start year addresses quality concerns in at least two
ways. First, it assures that offset projects adopt newer procedures
when calculating emissions avoidance or removal, as methodologies
are continuously updated to correct historical faults32. Second, it
prevents the use of older credits, where the additionality is doubtful if
a project continues to operate despite not having sold all its credits15,33.

Examining only vintages years shows that many companies have
predominantly selectedpost-2016 credits, therebymeetingonepartof
the CORSIA rule. This is notably the case for Takeda, whose credits are
all from 2016 or later, and for six other companies (Volkswagen, Eni,
Telstra, Audi, Yamato and Skoda) sourcing80%ormore of their credits
from post-2016 vintages (Fig. S1). Conversely, seven companies (Shell,
Delta, Sasol, DPD, Gucci, PetroChina andNorwegianCL) have obtained
the majority of their credits from pre-2016 vintages, presumably
because older credits typically trade for lower prices21. For these seven
companies, the tendency to source older vintages remains visible even
when accounting for the age of the vintage year at the time of retire-
ment (Fig. S2).

However, when considering project start years, we find that
most of the offsets sourced by the twenty companies derive from
old projects that began issuing credits a decade or more ago
(start year ≤ 2013), (Fig. S3). This tendency is particularly pro-
nounced for eight companies (Shell, Delta, Takeda, Sasol, DPD,
Chevron, Norwegian CL and Hu-Chems), which each obtained
three-quarters or more of their credits from projects started in
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Fig. 2 | Types of offset projects and quality risks for offsets retired in

2020–2023. a Relative share of offset credits organized into differing relative risk

profiles defined by the Stockholm Environmental Institute and GHG Management

Institute15. b Relative share of retired offset credits organised into project cate-

gories defined by the University of California Berkeley’s Voluntary Registry Offsets

Database64. c Breakdown of offset volumes sourced from forestry and land use

projects. d Breakdown of offset volumes sourced from renewable energy projects.

‘Solar’ shows merged results for centralised and distributed solar. ‘Other’ shows

merged results for geothermal and bundled.
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2013 or earlier. Overall, for all twenty companies combined, two-
thirds (65%) of retired credits come from projects aged a decade
or more. Our findings thus indicate that the majority of offsetting
expenditures by the twenty companies have not supported the
formation of new climate initiatives.

It is important to note that the Paris Agreement has established
stricter rules than CORSIA for crediting periods. Specifically, offsets
traded under its Article 6.4 mechanism (designed to replace the CDM)
must come from mitigation activities that started in 2021 or later, a
standard also advocated by the Science Based Targets initiative33.
Although we do not expect the twenty companies in our dataset to
have adhered to this rule during the period of analysis (2020–2023), it
is notable that a mere 0.4% of their offsets came from projects with
post-2021 start years (Fig. 3). This further illustrates how the offsets
purchased by the twenty companies fall considerably short of con-
temporary quality standards.

Price: preference for low-quality offsets driven by low cost
Because low-quality offsets tend to trade cheaper than higher-quality
ones11,15,21, the third dimension of our assessment investigates buying
preferences for cheaper credits. The results (Fig. 4) reveal a distinct
preference for purchasing cheaper credits for most companies.

Sixteen companies have sourced a plurality of their credits from
offset projects whose average estimated price falls into the two lowest
price quintiles. For eleven companies in this group, low-price credits
constitute the majority of offsets retired. Projects in the two lower
price quintiles consist of RE, industrial/commercial and chemical
processes, from which credits sold on average between $0.98 tCO2e
and $5.39 tCO2e during 2020–2023 (Table S5). Moreover, our data
show that the preference for cheaper credits is persistent for many
companies (Fig. S4). Conversely, only four companies purchased the
plurality of their offsets from the two higher price quintiles. Two
companies featured in this group are Shell and PetroChina, each
sourcing 80% and 98% of their offsets from the two upper quintiles.
This result especially reflects their preference for REDD+ and affor-
estation offsets, which sold higher than other project types during
2020–2023, namely between $5.15 and $15.60 (Table S5).

These results correlate with earlier findings regarding the large
share of offsets purchased from renewable energy projects (Fig. 2),
indicating that the popularity of renewable offsets appears to reflect

their consistently lower cost relative to other categories. Conversely,
the companies choosing forestry and land-use offsets (mostly from
REDD+projects) have seemingly tolerated their pricepremium relative
to other offset project types.

Fig. 3 | Share of offset credits retired by project start year and vintage year.The

relative share (%) of offset credits retired by all twenty companies in 2020–2023,

organised into project start years and vintage years. Darker shades indicate a higher

relative share. Project start years reflect the first year that an offset project began

issuing credits. Vintage years capture the year in which a specific climate action

occurred (e.g. awind turbine generated electricity). Credits sourced fromCDMarenot

shown as this registry does not disclose vintage years. Years after 2016, marked in

blue, are illustratively used as a lenient indicator to designate amaximum age limit for

project start years and vintage years set by the CORSIA, a governance mechanism for

international airlines. This maximum age limit has also been adopted by other credit

trading platforms.

Fig. 4 | Share of offset credits retired by price category. The relative share (%) of

credits retired by each company in 2020–2023, is organised into five quintiles. Each

reflects the average estimated price of eight types of offset projects contained in our

database relative to the price of other offset types (see Table S5). The bottom row

shows the number of companies for whom a plurality of offsets (i.e. largest share)

falls into that quintile. Pricing estimates for each project type are sourced from

Ecosystem Marketplace76. To capture price fluctuations, we coded price categories

each year. The table shows aggregated results for yearly trends, compiled in Fig. S4.
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This interpretation, however, requires caution, since two trends
suggest that companies have sourced forestry and land-use offsets in a
way that would reduce their price premium relative to cheaper project
types. First, our analysis of vintage years (Fig. S5) shows that compa-
nies choosing nature-based projects tend to choose older credits,
especially compared to renewable energy projects. Second, our ana-
lysis of retirement volumes (Table S6) shows a strong tendency to
purchase forestry and land-use offsets in large quantities (defined as
>82.6 ktCO2e, the fifth quintile). Because selecting older vintages and
purchasing in bulk are two strategies known to lower per-tonne offset
costs21,56, both trends suggest that many companies have actively
sought to reduce the price premium incurred when procuring forestry
and land-use credits.

Country of implementation for renewable energy projects: few
meet additionality rules
Eighteen companies have sourced 48.4 MtCO2e of credits (36% of all
retirements) from renewable energy projects (Fig. 2b, d). Two regis-
tries, GS and VCS, have set explicit rules regarding the minimum
conditions for renewable energy projects seeking registration to
demonstrate additionality. Since similarly explicit guidance is lacking
for other project types, including forestry and land use, industrial and
commercial, we limit the fourth dimension of our quality assessment
to renewable energy projects. We apply two tests to determine a
minimum degree of additionality, with passing either test being suffi-
cient. The first test, based on criteria set by GS and VCS, requires that
renewable electricity projects be implemented in a least developed
country (LDC). The second test, based on criteria set by GS, requires
that projects target a low-income country (LIC) or lower-middle-
income country (LMIC) where the penetration of the proposed tech-
nology is below 5% of all grid-connected generation capacity. Both
rules ensure that projects are implemented in developing countries
where renewable energy is not yet mainstream, and where technolo-
gical, market and policy barriers hinder its diffusion. Although these
rules apply only to cases of new project registration, both provide a
meaningful test of additionality from the perspective of contemporary
quality standards.

Few of the renewable energy offsets sourced by the companies
satisfy either test (Fig. 5 and Fig. S7). The tightening of additionality
standards by GS and VCS has not observably diverted offset demand
away from low-quality renewable energy projects. For the first test,
only 106 ktCO2e (0.2% of total retirements) come from projects
implemented in an LDC, with only offsets fromMauritania andUganda
satisfying this condition. For the second test, over one-third (38%) of
offsets come from projects that started issuing credits in a year when
that country simultaneously met the low-income thresholds and had
penetration rates for the deployed renewable energy technologies
below 5%. Furthermore, although not required byGS or VCS, no offsets
satisfy both tests.

The renewable energy offsets used by the surveyed companies
originate from projects implemented in 26 countries (Table S7). Most
offsets, however, originate from just three countries—Brazil, China and
India—that collectively supplied 84% of all renewables credits (Fig. S8).
According to the second additionality test, offsets from Brazil and
China especially have questionable additionality, because projects in
these two countries started after Brazil and China had reached upper-
middle income status and when penetration rates for the respective
renewable energy technologies had exceeded 5% (Fig. S7). Moreover,
Brazil and China collectively provided 4.47MtCO2e of hydropower
offsets to the companies. However, the additionality of these projects
could be challenged because hydropower has long been amainstream
technology, and therefore common practice, in each country. Indeed,
during 2005–2021 (the period covering all project start years in our
dataset), hydropower’s share of electricity generation lay between
57–77% in Brazil and around 15–22% in China57. Conversely, around half

(58%) of the renewables offsets from India (an LMIC) exhibit a stronger
case for additionality, mainly because solar electricity did not exceed
the 5% threshold until 2017.

In a complementary analysis, we examine the attractiveness of
Brazil’s, China’s and India’s policy environment for renewable energy
diffusion, since research and registry principles consider a weak policy
environment a critical indicator of a project’s additionality58,50. Speci-
fically, we compare each country’s annual score from theWorld Bank’s
regulatory indicators for sustainable energy (RISE) project59, which
evaluates the effectiveness of renewable energy policies, to the aver-
age score of OECD nations. Results show that renewable energy pro-
jects implemented in Brazil, China and India have emerged in a period
of high governmental support (Fig. S9). Since 2010, RISE scores for
India and Brazil have remained within the range of OECD nations,
which received the highest scores globally for policies supporting
renewables diffusion. India’s RISE score has even caught up to and
closely aligned with Denmark’s and Germany’s since 2017, the two
countries consistently attracting the highest scores globally. By
demonstrating the attractive policy conditions enjoyed by renewable
energy projects in Brazil, China and India, this supplementary analysis
provides further grounds to doubt the additionality of offsets sourced
from these three countries over the past decade.

In sum, our analyses provide multiple reasons to suspect that
many renewable energy projects in Brazil, China and India lack addi-
tionality, and therefore, a genuine climate impact.

Summary of offset quality: most credits fail to meet multiple
indicators
As a final and integrated analysis, we examine the quality and likely
climate benefits of the offsets retired by each company across all four
dimensions discussed in the previous sections (see “Methods”,
Table 1), because an offset can simultaneously meet or fail multiple
indicators. For non-renewable energy offsets, we assigned a score of ‘1’
for each of the following indicators met: (1) the project or credit does
not fall into a high-risk category; (2) it meets CORSIA requirements for
vintage and start year (i.e. 2016 or later) and (3) it has an estimated
price higher than the average of other offset types. For renewable
energy offsets, we add a fourth indicator, verifying if an offset origi-
nated froma LDCor froma LIC/LMICwith a low-penetration rate (<5%)
for that energy technology. If all indicators are met, a non-renewable
energy credit receives the highest score of ‘3’while a renewable energy
credit obtains ‘4’. Results (Fig. 6a, c) show that scores for most com-
panies are concentrated between 0 and 2, meaning that most offsets
purchased in 2020–2023 meet only half or fewer of the quality and
climate benefit indicators applied here.

For non-renewable energy offsets, the average weighted score is
1.03 for all companies combined. Just under one-tenth (9.0%) of these
offsets meet none of the three indicators, while 79% meet only one
(Fig. 6b). This result especially reflects the tendency to source offsets
fromold projects started before 2016 in categories that typically sell at
below average prices (Table S5). The tendency to procure low-scoring,
low-quality credits is particularly pronounced for Norwegian CL and
Telstra, for whom more than 99% of all non-renewable energy offsets
scored ‘0’. Yamato stands out as the only company to meet all three
criteria for all its renewables offsets. These offsets, however, represent
only 5.0% (124 ktCO2e) of Yamato’s total retirements.

For renewable energy offsets, the average score for all companies
is 0.81. This indicates even lower quality than the non-renewable
energy offsets. Around half (48%) of the renewables credits fail tomeet
any of the four indicators, while roughly one quarter (24%) meet only
one (Fig. 6c). In addition to the fact that renewables offsets typically
trade for lower-than-average prices (Table S5), this outcome reveals a
strong tendency to source credits from old projects located in coun-
tries not meeting contemporary additionality standards with respect
to national income and renewable energy penetration rates. Further,
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most renewable energy projects are large-scale (>15MWe). Such pro-
jects are deemed to carry a higher quality risk15, sinceprofitability from
selling electricity rather than offset credits is more likely the decisive
factor for investment decisions.

Discussion
This study focused on the twenty largest buyers of carbon offsets over
2020–2023 in the VCM’s three major registries. Amid mounting con-
cerns thatmany offsets are poor quality and fail to deliver genuine and

Fig. 5 | Registry additionality criteria for renewable energy projects. The share

of renewable energy (RE) offset credits retired by all twenty companies in

2020–2023 by country of origin and the share that meets additionality criteria set

by registries. Test 1 (based on rules from GS and VCS) checks if a renewable energy

project is located in a LDC. Test 2 (based on rules by GS) checks if the project is

located in a LIC or LMIC where the penetration level of the proposed energy

technology is below 5% of all grid-installed electricity capacity. The share of

renewable energy offsets passing either additionality test is marked in blue. An

offset credit only needs to pass one of the two tests to demonstrate a minimum

degree of additionality. The period 2005–2021 for LIC/LMIC classifications covers

all project start years in the dataset. Data for country classifications and renewables

shares are sourced from the UnitedNations80, World Bank79 and IRENA57. For test 2,

full results by country and renewable energy technology appear in Fig. S7. Bundled

energy offsets (limited to 213,465 tCO2e from India) are excludedwhen conducting

test 2 since these projects mix renewables technologies.
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additional emission reductions, we investigated the extent to which
theoffsets usedby the twenty companies alignwith four dimensionsof
quality and high climate benefits.

The analysis reveals prolific retirements of low-quality and cheap
offsets. In fact, none of the twenty companies could claim that a sub-
stantial portion of their retired offsets adhered to VCM quality stan-
dards and indicators of high climate benefits. Specifically, we find that
87% of offsets originate fromhigh-risk project types such as REDD+ and
large-scale RE, which are prone to overstating emissions reductions and
over-issuing credits. Our analysis of buying behaviour suggests that
many companies have continuously sourced these low-quality offsets
because of their low cost. Furthermore, we find thatmost offsets derive
from aged projects, indicating that the bulk of company spending on
offsetting has not supported new investments in climate mitigation.

Particularly, the analysis on renewable energy credits, making up
36% of all retirements, reveals practices that deviate considerably from
quality standards on the VCM. Around half (48%) of the renewables
credits fail to meet any of the four indicators in our framework, while
roughly one quarter (24%) meet only one (Fig. 6c). Most notably, only
106ktCO2e (0.2%) of these credits come from renewables projects
implemented in least-developed countries, where a strong case could be
made for additionality—a condition now required by two registries, GS
and VCS. Meanwhile, only 38% of renewables credits meet less stringent
rules set by GS regarding country income and technology penetration
levels.With 84%of renewables credits issued fromprojects implemented
in Brazil, China and India, our analysis on the attractiveness of each
country’s policy environment casts further doubts on the additionality of
projects in these countries. This is because weak government policy—a

Fig. 6 | Simultaneous application of all quality indicators to offsets retired.

a Average scores by company for all non-renewable energy credits (tested with

three indicators) and renewable energy credits (tested with four indicators) retired

over 2020–2023using indicators of quality and climate benefits explained in Table 1

and Methods. Average scores were computed by weighting the relative share of

credits from each company that received a particular score, shown in bottom two

panels. For example, Delta Airline’s score for non-renewable credits, was calculated

as 36.66 ×0 + 62.66 × 1 +0.70 × 2 then divided by 100 to arrive at 0.64 against a

maximum possible score of 3. Two companies (Gucci and Hu-Chems) marked with

asterisks (*) did not retire any offsets from renewable energy projects. b Relative

share of scores by company for all non-renewable energy credits (left) and renew-

able energy credits (right). For example, a share of 20% in the score category 1

indicates that 20% of the offsets retired by that company met only one criterion.
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cornerstone argument for additionality—does not apply to these
countries.

Facedwithmounting pressures to ‘clean up’ themarket, there has
been no shortage of guidance in the form of principles, recommen-
dations, rule changes and commitments on the VCM to combat its
chronic quality issues and bad behaviour27,34,54,60. However, our results
reveal a persisting problem in the adoption of this guidance. The lar-
gest corporate buyers of offsets,who collectively account for over 20%
of retirements on theVCM’s three largest registries, continue to source
low-quality, cheap credits with minimal climate benefits. These find-
ings support the growing body of evidence that the VCM—designed as
a voluntary industry-led market operating free from government
oversight and regulation—is plagued by fundamental quality issues
that undermine its effectiveness in reducing global emissions11,13,37,58.
While prior research has focused on offset projects7,9,16, registries58 and
methodologies61, our results underscore the significant role of pur-
chasing decisions by individual companies in perpetuating these
quality issues. They reveal that companies in our sample have actively
targeted—and therefore increased demand for—cheap offsets and
project typeswith questionable climate benefits. Our study thus shows
that the VCM’s unresolved quality issues arise not only from the supply
side24, but also from demand for low-quality offsets.

All companies except one in our study have pledged net-zero
targets or claim to provide carbon-neutral services (Table S2). These
companies operate in diverse sectors like energy (Shell, Chevron, Eni
and Sasol), aviation (Delta, easyJet and Boeing), car manufacturing
(Audi, Volkswagen and Skoda), telecommunications (Telstra) and
fashion (Gucci). Our results show that the offsets supporting these
claims neither meet indicators of quality nor provide high climate
benefits. The neutralisation effect of the investigated companies’ off-
setting strategies is therefore highly likely to be overstated. Over-
stating environmental performance is an important indicator of
greenwashing62. Our findings thus suggest that any decarbonisation
claims connected to the use of these offsets lack integrity and amount
to greenwashing.

Also pertinent to global efforts to reach net-zero emissions46, we
find that carbon removal makes up only 2.5% of all offsets retired by
the twenty companies in 2020–2023. This amount is lower than the
average share of removals for all non-CDM retirements made globally,
which is 4.1% in the same period63. As confirmed by our analysis and
prior studies11,21, the preference for avoidance offsets can be largely
explained by their low cost. Cheap offsets derive especially from RE,
chemical processes, and industrial projects, which have traded
between $1–5 per tCO2e since 2020 (Table S6). Conversely, costlier
removal credits like afforestation have hovered in the range of $8–16
per tCO2e, considerably impeding their uptake21. Additionally, there is
a severely limited supply of nature-based removal offsets compared to
avoidance offsets on the VCM, with removals making up only around
5% of credits issued over 2020–202364. Our findings thus highlight a
pressing need for much larger investments in carbon removal33. As
underscored by the IPCC65, physically drawing down historical carbon
emissions from the atmosphere may prove critical for addressing
emissions overshoot and sustaining negative emissions after net zero
is reached.

Our evaluation of offset quality (Table 1), however, does not link
offset quality to a company’s mitigation approach, specifically the
choice of avoidance vs removal offsets. This methodological decision
reflects three considerations. First, the registries examined in this
study do not yet offer technology-based carbon removals with per-
manent storage, which some stakeholders34,36,38 promote as a long-
term goal for quality enhancement. Second, some VCM stakeholders
and researchers worry that prioritising removalsmay distract from the
urgent need to reduce emissions at the source. To use the ‘rapidly
fillingbathtub’metaphor suggestedby Ellis and colleagues66, assuming
that avoidance and removal offsets equally satisfy quality criteria,

atmospheric emissions overflow can be stopped by both ‘reducing the
tap’s flow and pulling the plug out’. Third, upscaling nature-based
removals is unlikely in itself to solve many of the VCM’s inherent
quality problems37,46. Research shows thatmany afforestation and soil-
sequestration projects do not capture carbon as claimed16 or would
have proceeded without the extra revenue from offset sales16,48. Fur-
thermore, nature-based removals are unable to store carbon on mil-
lennial time-scales49, and stockage can easily be reversed if perturbed
by wildfires, drought, disease or changed land-management
practices15,67. These unresolved quality risks for carbon removal pro-
jects call the utility of offsets as a decarbonisation strategy into deeper
question. At the same time, these risks reinforce the urgency of pur-
suing emissions reductions and carbon neutrality by directly phasing
out fossil fuels across society.

Our findings point to a need for corrective actions to address the
ongoingquality issues in the VCM.We foresee twoplausible options. In
the first option, governments would intervene to regulate the VCM,
restricting the use of offsets solely to those sourced fromgovernment-
approved schemes that adhere to stringent quality control measures.
But this would be unlikely to overcome all quality issues, since even
forestry-based removal projects in government-regulated regimes fail
to provide genuine, additional and permanent carbon sequestration,
including in California68,69 and Australia16. Furthermore, renewable
energy offsets generated through CDM, overseen by the United
Nations, also suffer from low quality and low additionality13. With such
abundant evidence that carbon offsets do not provide a reliablemeans
of neutralising emissions,more fundamental change is required. In the
second option, therefore, until verifiable and permanent removals
become widely available, the VCM would be strictly limited to ‘con-
tribution’ and no longer used for offsetting emissions11,27,28. In this way,
companies would still support climate mitigation and co-benefits for
sustainable development by buying offsets from outside their value
chain, but refrain from claiming to have neutralised their emissions33.
The shift from compensation to contribution would generate a need
for companies to redirect their investments towards reducing in-house
emissions and implementing transformative changes in technologies
and business practices. Such a decarbonisation approach would incur
higher costs than offsetting. Yet various modelling pathways, includ-
ing those from the International Energy Agency70, underscore that
transitioning away from fossil fuels is the surest and quickest pathway
to net zero and meeting Paris Agreement targets71.

By revealing a demand for low-quality and cheap offsets, our
analysis demonstrates that the self-regulating VCM lacks the ability to
push its largest buyers towards offsets that meet even modest indi-
cators of quality and climate benefits. Consequently, prevailing off-
setting practices on the VCM cannot be seen as an effective substitute
for regulatory policies that force physical changes in the energy
technologies, supply chains and business models of large emitters.
This view extends beyond regional or national markets to encompass
international climate governance. Consider for instanceArticle6of the
Paris Agreement, which allows countries to use carbon credits for
domestic emission reductions, including offsets sourced from the
VCM. As our study suggests, without fundamental market-level chan-
ges and greater adherence to quality principles, efforts to grow the
VCM through integration with the Paris Agreement risk amplifying
demand for low-quality offsets with limited or no climate benefits.

Methods
Our study followed a design shown in Fig. 7 and outlined below.

Sample construction
Our analysis covers the world’s three largest carbon offset registries:
Verra’s VCS the United Nation’s CDM and GS. In 2022, projects listed
on these three registries accounted for 85% of all voluntary carbon
offsets issued globally21.
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We selected twenty companies for analysis, recognising that a
small number of companies have retired a disproportionally large
volume of credits from the above registries14. This strategy helped
confine our analysis to a manageable sample size but still cover a sig-
nificant portion of retirement activity across the three registries. This
was achieved since the twenty companies examined are responsible
for 21% of all credits retired worldwide on VCS, CDM and GS over
2020–2023 (Table S1).

To identify the twenty largest buyers over 2020–2023 on the
three registries, we obtained a proprietary list from Allied Offsets (a
data-analysis firm). When building our sample of companies, we
excluded Toucan (a US-based blockchain start-up) due to its unique
mission of purchasing and retiring low-quality offsets, thereby pre-
venting heavy emitters from using them for emissions compensation.

Data collection
Data collection occurred from October 2022 to February 2024. The
principal data for analysis was sourced from the publicly available
information on the online databases of the three offset registries
VCS, CDM and GS. We identified the retirements belonging to each
of the twenty companies in our sample by manually searching for
their names in fields for retirement beneficiaries or reasons. We also
used variations or codes for company names, since Delta Airlines,
for example, frequently records its name as ‘DL’. Our analysis is
limited to identifiable retirements and does not consider instances
where a company retired credits but did not disclose its name on
that registry.

Our analysis covers retirement activity from January 1, 2020, to
December 31, 2023. Two reasons underpin our selection of this period.
First, the chosen registries underwent a rapid growth of credit issu-
ances during this period21. Second, the four years since the start of
2020 have seen a rapid increase in the adoption of net-zero targets by
companies and the use of offsets for decarbonising operations, supply
chains and various products and services1.

We collated the data from each registry into a single database
(Supplementary Data 1). This was organised by company, and offset
project and then all cases of retirement transactions were identified on
each registry. To verify the accuracy and replicability of our calculation
of each company’s retirement volumes,wepurchased proprietary data
from a firm (Allied Offsets) and cross-checked their results with ours.
This triangulation process increases the accuracy of our dataset in two
ways. First, it helped us overcome situations where a particular com-
pany discloses its name in registry records using a code name known
only to those working inside the VCM (this was the case for Sasol).
Second, it helped us verify the replicability of our manual procedure
for searching the three registries for each company’s retirements.

Mitigation approach
To examine the focus of mitigation activities supported by offset
procurements, we coded projects as removal, avoidance or mixed
following categories suggested by the University of California Berke-
ley’s Voluntary Registry Offsets Database64. As a small difference, we
use the term ‘avoidance’ in our study to denote what the Berkeley
database terms ‘reduction’. This reflects our view that avoidancebetter

Fig. 7 | Research design of study.
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captures the speculative nature of offsetting projects that issue credits
based on counterfactual claims to have avoided GHG emissions. It
should also be noted that both the Berkeley database and ours con-
sider REDD+ projects as avoidance/reduction, even though some
protected forest sinks also remove atmospheric carbon. This cate-
gorisation is supported by literature72, which demonstrates that in
terms of surface area and tonnes of carbon avoided or removed, the
primary function of REDD+ projects is avoidance, through preventing
deforestation.

Framework for assessing offset quality and climate benefits:
construction and application
Our analysis of each company’s offsetting behaviourwas guided by the
question: ‘Towhat extent could the offsets retired by these companies
be considered high quality and likely to benefit the climate?’ To
objectively assess the quality and likely climate benefits of offsets
retired by each company, we adopted various indicators, standards
and principles that are used on the VCM, advocated by its various
stakeholder bodies, or discussed in the peer-reviewed literature. These
were identified through a targeted review of the relevant grey and
academic literature. This strategy avoids the integration of subjective
value-based judgements in the analysis. The resulting framework
consists of four dimensions and indicators (Table 1) that evaluate the
quality and likely climate benefits of offsets from four key perspectives
emphasised in the VCM and peer-reviewed literature: (1) use of offsets
from low/high-risk project types; (2) age of projects and credits; (3)
price of credits and (4) country of implementation. The main features
and rationale of this framework, as well as any analytical decisions and
additional data sources, are summarised below.

It is important to note that we do not include the mitigation
approach (i.e. avoidance or removal) as an indicator of offset quality.
Some industry frameworks like the Science Based Targets initiative
and the International Standards Organization have stipulated that
companies should exclusively use removals when using offsets to
reach net-zero targets25,43,73. However, as already explained, our
methodological decision reflects evidence that non-durable removal
techniques like afforestation and soil enhancement also suffer from
quality issues, especially with regard to carbon stockage estimation15,16

and additionality47,48. Furthermore, due to technological immaturity,
offsets from engineering-based removals with durable storage—pro-
motedby some stakeholders as critical for quality enhancement34,36,44—
were not traded on the studied registries.

Relative quality risks. We first coded project types in accordancewith
categories used by the University of California Berkeley’s Voluntary
Registry Offsets Database64. This classifies an offset project into a
specific sector (e.g. industrial and commercial) and type (e.g. energy
efficiency, waste gas recovery). Next, we evaluated the quality risks of
each project type with a framework developed by the Stockholm
Environmental Institute and GHG Management Institute15, which
defines three relative risk levels: lower risk, medium risk, and higher
risk. Based on interviews with experts, the framework operationalises
the view that some types of offset projects, all else being equal, involve
a higher relative risk of failing basic quality criteria (additionality,
accurate emissions accounting, etc.) than other types of projects.
Projects falling into the higher risk category include forestry and land
use (encompassing both avoidances [e.g. REDD+] and afforestation),
large-scale renewables (>15MW), and agriculture. Examples of projects
in the medium risk category are small-scale renewables (≤15MW),
energy efficiency (demand-side) and household/community projects
like improved cookstoves. Projects considered to involve a lower
relative quality risk are fewer, key examples being methane destruc-
tion (without utilisation) and N2O gas destruction. It should be noted
that the framework is not intended toprovide an exhaustive evaluation
of project-level quality attributes, which can vary strongly fromproject

to project. However, many of the framework’s evaluations are sup-
ported by ample literature. For instance, numerous studies show that
REDD+9,11, afforestation16,48, renewables12,13, agriculture47 and cooking
stove39 projects tend to suffer from low additionality and over-
crediting. Conversely, project types such as N2O gas destruction may
be more likely to be additional58,74, since their investment is typically
not justifiable in the absence of revenue from carbon credits, and
newer methodologies address historical problems such as perverse
incentives to increase N2O production before issuing credits.

When placing offset projects into quality risk categories, we
checked project documentation on registries to decide key factors
such as capacity size for renewables installations, utilisation of
methane gas (for grid-connected power) for landfill methane projects,
etc. In a few cases where we were unsure about what risk categories to
assign offset projects too, we contacted the authors15 for guidance.

Age. Our analysis of age encompasses two perspectives. The first,
project start year,measures the start of the first credit issuanceperiod.
This captures the year when an offset project started its emissions
avoidance/removal activities (e.g. the year when a wind farm con-
nected to the grid). The second, vintage, measures the year when a
climate action associated with an offset credit was conducted (e.g. a
particular year during which deforestation activities were prevented).

Debates continue about what should be considered a suitable
maximum for offset vintages or project start years31,32,34. Thus, there is
no definitive age limit that would guarantee quality. Recognising this,
we adopt as an illustrative indicator a rule fromCORSIA,whichgoverns
offsetting in the global aviation industry, and prohibits the use of
offset credits with a vintage year or project start year before 2016.
Although this lenient cut-off year by no means constitutes a rigorous
standard, it has been adopted as a defacto yardstick by some com-
modity trading platforms that screen for quality (e.g. ACX’s sustainable
development goals tonne or global nature tonne+ and CBL’s Global
Emissions Offset).

There are several reasons why younger offsets may offer higher
climate benefits than older ones. First, newer offset projects ensure
that investments are directed towards contemporary rather than his-
torical climate actions. This is essential for supporting the formation of
new or recent climate mitigation initiatives and forminimising the use
of offset credits from historical projects that cannot deliver further
emissions reductions beyond what they are already scheduled to
do31,33. Second, old projects that still issue credits for past actions (i.e.
back issuing) or that have large volumes of unsold vintages are unlikely
to be additional. Because such a project has continued to operate
despite not having sold all of its credits, there is a strong argument to
suspect that the initiative did not need revenue from offset sales to
attain bankability, and therefore is not additional32. Third, older pro-
jects are likely to use older methodologies, which in many cases have
been discredited and updated due to problems. Older projects are
therefore more prone to overestimating emissions reductions and
over-issuing credits32,75. Credit prices on the VCM reflect preferences
for newer vintages, which generally fetch higher premiums from
buyers21.

Price. Another important indicator of credit quality is the price since
cheaply priced credits are widely assumed to reflect the low quality
and low additionality15,21. Our attention to this indicator also recognises
that when companies consistently choose cheap credits, project
implementers lose the incentive to supply high-quality credits, which
in most cases require higher prices. Preferences for cheap credits can
thus drive a race to the bottom by incentivising low-cost projects with
weak measures to ensure climate integrity11.

Because the VCM experiences sharp fluctuations in credit prices,
we focused our analysis on the relative prices of different offset types—
i.e. the cost of one type of offset, such as RE, compared to another
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type, such as chemical processes. Estimates of average annual prices
were obtained from Ecosystem Marketplace, which publishes esti-
mates based on a yearly survey distributed to its member organisa-
tions, which use offsets76. We then arranged these average price
estimates into quintiles (Table S3), calculating for the twenty compa-
nies in our sample the volume of credits that fell into each price range
each year (Fig. S4).

Country of implementation (applied to renewable energy projects).
The country of implementation is a critical determinant of a project’s
additionality, reflecting whether a project would have been financially
feasible and therefore implemented without the opportunity to gen-
erate extra revenue by selling carbon credits. To ensure additionality,
it is crucial that offsetting projects are implemented in countrieswhere
significant barriers (technological, financial, regulatory etc.) for that
particular technology exist12. Conversely, if a mitigation technology or
activity is standard practice in a country, it should not be considered
additional21. Although such considerations are relevant to all kinds of
offsetting projects, we limited our analysis to renewable energy pro-
jects. This is because the VCM has established explicit criteria
regarding the countries where the implementation of renewable
energy activities could be considered additional. Our analysis consists
of two tests that apply criteria introducedbyVCS andGSbetween2019
and 2020.

Using a criterion from GS and VCS, the first test determines if the
renewableenergyproject is implemented in a LDC77,78. The second test,
using criteria from GS, checks if the project is located in a low-income
or LMIC where the share of the proposed renewable electricity tech-
nology is below 5% of all installed electricity capacity77. To sufficiently
demonstrate a minimum level of additionality, an offset project need
only satisfy one test. Although these tests would only take effect in the
case where a new offset project sought admission to either registry,
both tests nonetheless provide an objectivemeans to assess anoffset’s
potential additionality (and therefore quality and climate benefit) with
contemporary industry standards. Notably, both the adopted criteria
emerged in response to the realisation that many early renewable
energy projects issuing offset credits on the major registries were
implemented in countries where attractive market, policy and tech-
nology conditions had lowered the barriers to upscaling, thereby
reducing the likelihood that these projects were additional52.

Analysis: verification with experts
To check the soundness of our methods, results and interpretations,
we conducted six interviews during October 2022 and October 2023,
presenting our evolving methodology to experts working in the VCM.
All experts possess several years of experience in their current roles.
We used their advice to improve ourmethodology and interpretations
of results. The interviewed experts were composed of one researcher
at a Europe-based think tank (CarbonMarketWatch) and four analysts
working at data firms in Europe and North America (Trove Research,
CarbonDirect and AlliedOffsets). This composition of experts allowed
us to obtain diverse feedback on our study that reflected critical,
neutral and supportive positions regarding the climate integrity of
the VCM.

Limitations
Our study has several limitations. First, our analysis is confined to the
retirements that we could identify on the three registries and does not
consider instances where a company has retired offsets but has not
disclosed its name in the relevant fields on the registry. Thus, the scale
of actual retirements may be larger than that captured by our analysis,
particularly because many companies will conceal offset retirements
to escape public scrutiny or purchase offsets through intermediaries
or internal means. This limitation could be overcome by using other
sources of offset retirement disclosure, such as annual surveys

submitted to CDP (Climate Disclosure Project). We did not use this
data as not all companies in the sample report to CDP. Besides, CPD
data also lacks vintage years. Second, we did not analyse the various
policies within companies thatmight dictate their offsetting behaviour
and how they use offset credits for decarbonisation and pursuing net-
zero targets. Analysing these factors, including interviews with com-
pany representatives, would deepen understanding of the many
determinants of corporate offsetting behaviour. Third, our analysis of
offset quality does not account for the varying conditions of individual
projects, which are a key determinant of quality. Scholars have used
variousmethods to appraise individual project quality, such as Internal
Rate of Return12,50, baseline settings and methodologies11 and effec-
tiveness at actually reducing emissions8,9,58. With around 500 projects
used by the twenty companies, we consider a project-by-project
quality analysis beyond the scope of this research. Although we could
have used project quality ratings by private firms in the VCM (e.g.
BeZero and Calyx), ratings are not available for around three-quarters
of the projects in our database. This reduces their utility for our ana-
lysis. Fourth, we did not have access to actual transaction prices paid
by companies, since such data is not publicly available.

Data availability
The main dataset used for analysis, compiling the volume and char-
acteristics of the offsets retired by each company, has been made
available in Supplementary Data 1 as an electronic spreadsheet.
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