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Carbon credits feature prominently in corporate climate strategies and have
sparked public debate about their potential to delay companies’ internal
decarbonisation. While industry reports claim that credit purchasers dec-
arbonise faster, rigorous evidence is missing. Here, we provide an in-depth
analysis of 89 multinational companies’ historical emission reductions and
climate target ambitions. Based on self-reported environmental data and more
than 400 sustainability reports, we find no significant difference between the
climate strategies of companies that purchased credits and those that did not.
Voluntary offsetting is not a central part of most companies’ climate strategies,
and many pass credit costs directly onto their customers. While the companies
within our sample retired one-fourth of all carbon credits in 2022, the top five
offsetters’ expenditures on voluntary emission offsetting are, on average, only
1 percent relative to their capital expenditures. For most companies, carbon
credits are, therefore, unlikely to crowd out internal decarbonisation mea-
sures. Yet, we document that for large-scale offsetters in the airline industry,

carbon credit purchases competed with financing internal decarbonisation

measures.

Companies have faced increasing pressure from policymakers, con-
sumers, civil society, and investors to reduce emissions. In response to
the Paris Agreement, governments have consistently tightened
their climate policies'. This regulatory shift has increased investors’
concerns about transition risk, prompting them to demand
credible climate strategies from the companies in their portfolio®.
However, media and non-governmental organisations (NGOs) that
monitor corporate emission targets® frequently expose cases of
greenwashing*”.

In response to the growing pressure, half of the Forbes Global
2000 companies have set net zero targets’. However, no globally
accepted, binding standard for setting credible net zero targets exists.
This gap has been filled by private initiatives like the Science-Based
Targets initiative (SBTi), which provides standards on the emission
coverage and ambition of net zero targets. SBTi also offers guidelines
for how companies can compensate for residual emissions once they
have reduced most of their emissions®.

Many companies use or plan to use carbon credits from the
voluntary carbon markets to offset parts of their emissions on their
path to net zero’. Carbon credits are the “reduction, avoidance or
removal of a unit of greenhouse gas (GHG) emissions by one entity,
purchased by another entity to counterbalance a unit of GHG
emission by that other entity"®. These voluntary emission practices and
the claims derived from emission offsetting (e.g. carbon neutral,
net zero)’ are prominently featured in the public debate about
decarbonisation'®?, However, carbon credits’ role in corporate cli-
mate strategies remains unclear.

Insights from political economy, stakeholder theory, and legiti-
macy theory suggest that when civil society, politicians, and other
stakeholders pressure companies, they may engage in voluntary social
or environmental disclosure to shore up support™'. However, these
strands of literature typically do not predict or assess whether such
action translates into improved corporate climate performance.
Companies may engage in voluntary environmental disclosure to
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achieve a variety of objectives: they may aim to inform the public about
superior environmental performance relative to peers, to reshape the
company’s image without substantial change, to shift the focus of the
discourse, or to influence stakeholder expectations about the com-
pany’s actions™". In the context of voluntary carbon offsetting, com-
panies may retire carbon credits to signal superior environmental
performance or enhance their public image without substantially
advancing internal decarbonisation. Alternatively, corporate emission
offsetting, as a form of corporate social responsibility, may be driven
by altruistic motives™ that have not been previously captured in the
literature.

Purchasing carbon credits instead of pursuing potentially more
effective internal decarbonisation can be conceptualised as a moral
hazard. Moral hazard occurs when actors take on higher risks or
engage in socially suboptimal behaviour because they are shielded
from the consequences of their actions”. Therefore, there is a risk that
emission offsetting leads to moral hazard when companies neglect
internal and value chain emission reductions because the improved
public perception achieved through emission offsetting shields them
from the risk of reputational damage, public scrutiny, or governmental
regulation.

There is mixed evidence regarding the relationship between cor-
porate carbon management practices and subsequent emission
reductions. While some studies demonstrate a positive relationship
between corporate carbon disclosure and emission reductions'",
others find this link only among emission-intensive companies®™.
Conversely, to our knowledge, no study to date has established a sig-
nificant relationship between adopting reporting guidelines, such as
the Global Reporting Initiative (GRI) and improved corporate emission
performance®-*% Further, the impact of corporate climate strategies on
emission reductions remains ambiguous. For example, there is limited
evidence around the relationship between the mere presence of cor-
porate climate targets and subsequent decarbonisation”, though
more ambitious targets are associated with greater emission
reductions®?*, Recent findings suggest that only a comprehensive mix
of corporate climate instruments (e.g., absolute emission targets,
internal carbon prices, value chain engagement) is linked to absolute
emission reductions®.

While research on companies’ use of carbon credits is still nascent,
research on renewable energy attributes (REAs), another market-based
carbon accounting tool, is more advanced. REAs allow companies to
verify and claim the purchase of renewable energy, directly reducing
market-based scope 2 emissions under the Greenhouse Gas Protocol
and Science-Based Targets initiative (SBTi)*. Unlike voluntary carbon
credits, REAs can be counted towards SBTi goals. Ascui et al.”’ show
that companies using REAs tend to increase their scope 1 and 2 emis-
sions without improving energy efficiency compared to peers who do
not use them, which indicates their potential to induce moral hazard”.
Additionally, setting targets for market-based scope 2 emissions and
achieving them by purchasing REAs might undermine the integrity of
SBTi because these certificates do not lead to real emission
reductions®,

In contrast to the well-documented role of REAs in corporate cli-
mate performance, research on carbon credits is still nascent. Recent
industry reports claim that companies engaging in emission offsetting
decarbonise faster than their peers® . These industry reports argue
that by voluntarily offsetting emissions, companies put a price on
greenhouse gas emissions, creating a financial incentive for faster
internal decarbonisation®. In addition, Engler et al.** show that emis-
sion offsetting does not crowd out investment in decarbonisation for
German small- to medium-sized companies but complements pro-
environmental activities®.

However, growing evidence challenges voluntary carbon mar-
kets’ overall positive climate effect. A range of studies show that
emission reductions associated with carbon credits are

systematically overestimated®. Also, large-scale offsetters tend
to source cheap and low-quality carbon credits*. Beyond these
issues, the industry reports supporting the claim that emission
offsetters decarbonise faster than their peers do not control for
company size and do not examine whether carbon credit spending
might crowd out investments in internal decarbonisation® . Fur-
ther, scientific findings on the corporate usage of carbon credits are
not based on observed corporate emission performance but cap-
ture explanatory variables like perceived climate-related risks,
presence of any climate target and environmental management
systems’*. However, these findings cannot be generalised to multi-
national companies in hard-to-abate sectors, which constitute the
largest buyer group?’.

Here, we analyse the emission offsetting behaviour of 89 multi-
national companies in the oil and gas (O&G), automobile manu-
facturing, and airline sectors. The companies in the sample constitute
24% of carbon credits retired in the voluntary carbon market in 2022.
We focus on multinational companies in hard-to-decarbonise sectors
since those companies are characterised by high emissions, low profits
per ton of emitted carbon dioxide®, and weak climate targets®’. We
compiled a dataset on the corporate usage of voluntary carbon credits
by combining several sources. First, we utilised data from CDP on
corporate greenhouse gas emissions, carbon credit retirements, and
emission targets. Second, we cross-verified the carbon credit retire-
ment data with the largest registries (Verra, Gold Standard, CDM).
Third, we compiled a dataset of qualitative information on corporate
emission offsetting between 2014 and 2023, analysing over 400 cor-
porate sustainability and annual reports. Our analysis proceeds in two
stages. First, we evaluate if emission offsetting is associated with more
ambitious decarbonisation efforts by companies compared to peers
that do not engage in emission offsetting. We measure decarbonisa-
tion ambition with two metrics: the change in scope 1 emissions
between the CDP reporting cycles 2018 and 2023 as a retrospective
indicator and the ambition of emission reduction targets as a forward-
looking metric. Second, we examine the role of emission offsetting in
corporate climate strategies by analysing carbon credit expenditures
and their usage details.

We find no significant difference in climate strategy between
companies that offset emissions and those that do not. The reason for
the non-significant relationship is likely the low expenditures on
emission offsetting relative to companies’ capital expenditures, the
low overall share of offset emissions relative to total company emis-
sions, and the non-binding nature of voluntary emission offsetting.
However, we find that carbon credit expenditures compete with
financing internal decarbonisation efforts for large-scale offsetting
campaigns. We argue that voluntary emission offsetting is not asso-
ciated with accelerated corporate decarbonisation and that the role of
carbon credits in corporate climate strategies is overstated in the
public discourse.

Results

Emission offsetting is not associated with better environmental
performance

We find no significant relationship between the number of carbon
credits a company retired in CDP’s 2023 reporting period and the
historical change in scope 1 emissions or with the ambition of their
emission targets (see Fig. 1).

The only significant association with the change of scope 1 emis-
sions over the study period is that companies in the oil and gas sector
reduced their emissions more slowly than companies in the aviation
sector (significance level a = 0.05, Fig. 1a). However, this relationship is
not robust to leaving single observations out of the regression (see
Supplementary Information Fig. Sla, b). Nevertheless, there is no sig-
nificant association between the number of carbon credits retired and
the change in scope 1 emissions.
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Fig. 1| Ordinary Least Squares (OLS) regression coefficients for (a) scope 1
emissions ratio (CDP 2023/2018) with n =78 (b) and climate target ambition
with n=89. The graph displays the estimated regression coefficients (B,—), with
error bars representing their 95% confidence intervals (CI) with

Clg 005 = [ﬁ, —t . SE(B),B,+t - SE (fii)] and ¢ the critical value from the
t-distribution. In (a), positive regression coefficients indicate a negative relation-
ship between the explanatory variables (on y-axis) and decarbonisation speed (x-
axis), suggesting that as the explanatory variables increase, we observe a decreased
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decarbonisation speed. In (b), positive regression coefficients indicate a positive
relationship between the explanatory variables (y-axis) and climate target ambition
(x-axis), suggesting that as the explanatory variables increase, we observe an
increased climate target ambition. The sectoral categorical variables are relative to
the aviation sector, and the geographic categorical variables are relative to head-
quarters in Asia. The label of retired carbon credits is written in bold as it represents
the study’s primary outcome variable of interest.

Conversely, the variation in climate target ambition until 2050 is
significantly correlated with sector and location. Companies head-
quartered in Europe set more ambitious climate targets than their
peers in other regions. Conversely, oil and gas companies are asso-
ciated with setting targets that are less ambitious than those of com-
panies in other sectors. However, we find no significant association
between the number of retired carbon credits and climate target
ambition.

These findings suggest that the number of carbon credits a
company retires is unrelated to its past emission reductions and cli-
mate target ambition. This conclusion holds across various robustness
checks (see Supplementary Information Tables S3-S8). Below, we
explore the reasons for these findings.

Most companies spend negligible funds on carbon credits
There are two opposing lines of argument about how the purchase of
carbon credits can influence companies’ emission trajectories. Some
argue that buying carbon credits diverts resources from internal dec-
arbonisation, thereby delaying it**. Others argue that the cost of car-
bon credits is a voluntary penalty for greenhouse gas emissions, which
incentivises companies to accelerate decarbonisation®. Our findings
support none of these views since we find a non-significant relation-
ship between offsetting and emission trajectories and climate target
ambition.

To delve deeper into potential reasons behind our findings, we
estimate the magnitude of emission offsetting costs relative to com-
panies’ investments in their assets and mandatory emission costs.
Therefore, we estimate companies’ carbon credit and emission trading
scheme costs and compare them to their reported capital expendi-
tures. Compared to their capital expenditures (CAPEX), companies
allocate relatively small amounts of funds to emission offsetting (see
Fig. 2). The companies with the largest CAPEX share spent on carbon
credits are easyJet (2.7%) and Delta Air Lines (1.8%). In the oil and gas
sector, Eni (0.14 —0.38%) and Shell (0.10 —0.25%) follow. In the auto-
mobile manufacturing sector, Volkswagen Group (0.13-0.20%) and
Mercedes-Benz Group (0.07 -0.13%) spend the largest share of funds
on offsetting. Overall, the distribution of corporate spending on
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Fig. 2 | Costs of purchasing carbon credits for voluntary emission offsetting
relative to companies’ capital expenditure (CAPEX) during the reported year.
Minimum estimates (blue) are based on the lowest reported carbon credit price
among companies in the sample (easyJet) for 2022, and maximum estimates (red)
are based on data from Ecosystem Marketplace (2023)°°. Reported CAPEX shares
(green) indicate that companies reported total spending for carbon credits in 2022.
The figure includes the 15 companies with the highest share of funds spent on
carbon credits relative to their CAPEX.

emission offsetting is long-tailed, meaning that few companies spend a
lot on credits while the majority spend little.

Similarly, European companies face much higher costs under
compliance Emission Trading Schemes (ETS) - such as EU-ETS, UK-ETS,
and Switzerland-ETS - compared to their spending on carbon credits
(see Fig. 3). However, there is substantial variation between sectors.
For example, easyJet, despite being an outlier in carbon credit
spending, spent 9.9 times more money on compliance emission
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Fig. 3 | Upper estimate of funds that European companies spent on carbon
credits (reported in CDP’s 2023 survey) compared to estimated spending on
European Emission Trading Scheme (ETS) allowances. Sources: Retired carbon

credits and ETS allowances from the CDP database*’, average ETS prices from
World Bank*®, Carbon credit price estimates from Ecosystem Marketplace (2023)°.
*Easyjet directly reports spending on carbon credits in their 2022 annual report.

trading than on voluntary emission offsetting. In the oil and gas sector,
Eni had to allocate ~33.1times more to compliance emission trading,
while Shell only spent ~6.7 times more. An exception to this trend is the
BMW Group, which spent more on voluntary offsetting - 2.3 times their
compliance emission trading costs - since they could cover their
emissions with excess allowances from past years*.

The role of emission offsetting in corporate climate strategies is
volatile

In addition to the financial commitment of offsetting emissions, which
emissions a company offsets, who pays for the carbon credits, and the
permanence of the decision to offset emissions likely affect the role of
carbon credits in companies’ decarbonisation strategies. We find that
the role of emission offsetting in corporate climate strategies varies
between companies (see Fig. 4). Companies that purchase large
quantities of carbon credits typically follow one of two approaches:
they either offset a fixed portion of their emissions (e.g. Delta Air Lines,
easylet, and Volkswagen Group) or offset residual emissions to meet
specific emission targets (e.g. Shell, Eni, and Inpex). In contrast, com-
panies that purchase fewer carbon credits typically only offer them to
their customers during the checkout (e.g. Deutsche Lufthansa, Air
France - KLM, Ryanair Holding, International Consolidated Airlines
Group) or offset their business travel (e.g. Deutsche Lufthansa, Inter-
national Consolidated Airlines Group).

We find that all airlines and oil and gas companies that reported
the retirement of >100,000 carbon credits in the CDP 2023 survey
either provide customers the option to voluntarily offset their pur-
chases at checkout or to buy pre-offset fossil products. It is common
practice for airlines to offer the option to offset emissions during the
flight booking process (e.g. easyJet post-2022, Deutsche Lufthansa,
International Consolidated Airlines, Ryanair Holdings, Air France -
KLM). Similarly, oil and gas companies regularly sell pre-offset fossil
products (e.g. Shell, BP, Eni, Inpex, TotalEnergies). Therefore, despite
their relatively low expenditure on carbon credits, many companies
pass these credits’ costs and purchase decisions directly onto their
customers.

Besides large variability in the usage of carbon credits for
emission offsetting, companies regularly change their offsetting
strategy. Over the past decade, many companies have expanded the
use cases for emission offsetting. However, the largest two emission
offsetters, Delta Air Lines and easyJet, stopped their large-scale off-
setting campaign in 2022. Also, BP changed its offsetting strategy in

2020, ceasing to use carbon credits to reach its zero net growth
target*’.

Most companies offset a small share of their total emissions
Given the large variety in companies’ approaches to emission off-
setting (Fig. 4), it is unclear how substantial the number of retired
carbon credits is compared to companies’ overall greenhouse gas
emissions. We find that only easyJet (78.2%) and Delta Air Lines (43.7%)
retire carbon credits accounting for substantial portions of their total
scope 1, 2, and 3 emissions (see Fig. 5a). Deutsche Lufthansa offsets the
third highest share of scope 1, 2 and 3 emissions (1.5%) despite ranking
11th in the number of retired carbon credits in the sample and only
offsetting employee business travel and offering voluntary offsets to
customers (see Fig. 4). Among oil and gas companies, Eni (1.4%) and BP
(0.7%) offset the largest shares of their emissions, while in the auto-
mobile manufacturing sector, Volkswagen Group (1.1%) and BMW
(0.7%) offset the most.

The picture changes substantially when focusing solely on scope 1
and location-based scope 2 emissions. The three automobile manu-
facturers that offset their emissions, Volkswagen Group (50.3%), BMW
(45.2%), and Mercedes-Benz Group (40.3%), emerge among the largest
five offsetters of scope 1 and 2 emissions (see Fig. 5b). These offset
shares rise further when considering market-based scope 2 emissions
since BMW and Mercedes-Benz Group offset their full scope 1 and
market-based scope 2 emissions. However, even limited to scope 1 and
2 emissions, oil and gas companies offset minor emission shares. Shell
(9.8%) has the largest share of offset scope 1 and 2 emissions in the oil
and gas sector, followed by Eni (7.5%) and BP (7%).

Large-scale offsetting might compete with internal
decarbonisation
Despite clear indications that voluntary emission offsetting con-
tributes, on average, little to meaningful decarbonisation efforts (see
Fig. 1) due to low investment levels (see Fig. 2) and low persistence of
emission offsetting in corporate climate strategies (see Fig. 4), it is
unclear if voluntary emission offsetting competes with internal dec-
arbonisation investment in some cases. Among companies engaging in
emission offsetting, we identify two key pathways through which off-
setting may compete with internal decarbonisation efforts.

The first pathway is the investment effect. In this pathway, com-
panies allocate a fixed budget for decarbonisation, which includes
both the purchase of carbon credits and investments in internal
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Fig. 4 | Emission sources offset by companies. Overview of offsetting purpose for companies that reported >100,000 retired credits in CDP's 2023 survey between 2014

and 2023.The information is based on companies' sustainability and annual reports.

emission reduction measures. Every dollar spent on carbon credits
reduces the funds available for investments in operations or value
chain decarbonisation. As a result, carbon credit purchases compete
with investments in operations or value chain decarbonisation,
potentially replacing internal decarbonisation efforts.

The second pathway is the target effect. Here, companies use
carbon credits as part of their strategy to meet emission reduction
targets. Since purchasing carbon credits is often cheaper and easier
than implementing structural changes, companies may opt to pur-
chase carbon credits instead of implementing more substantial
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internal decarbonisation initiatives to meet their targets. Therefore, as
for the investment effect, the target effect might indirectly lead to
competition between investments in internal decarbonisation and
carbon credit expenditures.

We find evidence for the investment effect, where investments in
decarbonisation are crowded out due to the allocation of funds to
carbon offsetting for Delta Air Lines and easyJet. These two compa-
nies are the outliers, spending the largest CAPEX ratios on carbon
credits (see Fig. 2). Delta Air Lines set a fixed budget of USD 1 billion
over 10 years for decarbonisation measures, including both carbon
credits and investments in internal decarbonisation initiatives*’.
After 3 years, Delta spent USD 284 million on carbon credits, leaving
only USD 16 million for internal decarbonisation initiatives, assuming
an annual budget of USD 100 million over 10 years (see Table 1).
Although easyJet did not communicate a fixed decarbonisation
budget, after stopping their large-scale offsetting campaign, they
announced that they would use the funds formerly committed to
emission offsetting for internal decarbonisation measures, indicating
that large-scale offsetting competed with internal decarbonisation
investments.

In the oil and gas sectors, we observe the target effect, where
emission offsetting is treated as a substitute for emission reductions.
Shell, Eni, and Inpex include carbon credits in their emission reduction
targets (see Table 1), allowing them to meet their targets either by
reducing emissions or by retiring carbon credits. While Eni commu-
nicates how many carbon credits they plan to use to achieve their

144

emission targets®, it is unclear how many carbon credits Shell** and

Inpex*® plan to use for achieving their emission targets.

Discussion

Our analysis of 89 multinational companies, covering around one-
fourth of all carbon credits retired in 2022, reveals no significant dif-
ference in climate performance or ambition between companies that
offset their emissions and those that do not. This conclusion holds for
historical emission performance (CDP 2018-2023 survey) and forward-
looking climate target ambition. Contrary to the findings by industry
reports®>> and Engler et al. (2023)*, companies in hard-to-
decarbonise sectors appear to purchase and retire carbon credits
primarily in response to external pressure. Given that most companies
in our sample spend little and inconsistently on carbon credits, it
appears that carbon credit purchases are a strategy to maintain or
restore legitimacy without accelerating decarbonisation relative to
their peers.

Compared to their overall capital expenditures, companies allo-
cate very little funds to emission offsetting (Fig. 2). Even the two out-
liers, easyJet and Delta Air Lines, spend less than 3% relative to their
CAPEX on carbon credits. Also, compared to compliance emission
trading schemes, the costs of voluntary carbon offsetting are relatively
low where such schemes exist. For instance, the five European com-
panies that retired the most carbon credits spent, on average, 5.7% of
their compliance carbon expenditures on voluntary carbon credits.
Therefore, even reallocating these funds to internal decarbonisation
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Table 1| Evidence of competition between voluntary emission offsetting and internal decarbonisation

Company Delay Pathway Case

Delta Air Lines  Investment effect

In February 2020, Delta Air Lines committed to spend USD 1 billion towards climate neutrality over 10 years. This budget is

shared between carbon reductions within Delta, scaling of sustainable aviation fuel, advancing new technologies, and

expanding their offset portfolio®.

easyJet Investment effect ~ After stopping large-scale offsetting, easyJet announced that they would “transition [their] investments from out-of-sector
carbon offsetting into supporting [...] the individual elements of [their] roadmap, to decarbonise [their] operations."®*

Shell Target effect Shell’s scope 3 targets for 2030 and 2050 based on net carbon intensity allows the use of carbon credits to offset emissions™.

Eni Target effect Decarbonisation targets for scope 1,2 and 3 allow carbon credits ("Net Carbon Footprint” and “Net GHG Lifecycle Emissions”)™*.

Inpex Target effect Inpex’s scope 1 and 2 target for 2030 allows for emission offsetting*®.

Evidence of competition between voluntary emission offsetting and internal decarbonisation in corporate annual and sustainability reports.

efforts would likely have minimal impact on overall emission reduc-
tions. This illustrates that despite its prominence in the public debate
on corporate climate strategies, voluntary emission offsetting plays
only a minor role in shaping these strategies. Hence, its importance is
overstated in public discourse since it imposes minimal financial bur-
den on companies and requires little commitment to climate change
mitigation since companies can cease these activities at any time.

Conversely, companies operating under European emission
trading schemes already pay substantial costs for their emissions.
Unlike voluntary carbon markets, these compliance schemes are
mandatory, and carbon allowances trade at substantially higher prices
than carbon credits on the voluntary carbon markets*’. Consequently,
they are more suitable for making a business case for corporate
decarbonisation.

Although, on average, there is no statistically significant asso-
ciation between voluntary emission offsetting and companies’
environmental performance, qualitative evidence suggests two
potential ways emission offsetting could compete with internal
decarbonisation. The first is the investment effect, which arises when
companies allocate a shared decarbonisation budget for both carbon
credit purchases and internal decarbonisation. Here, internal dec-
arbonisation initiatives directly compete with spending on carbon
credits. The second is the target effect, which occurs when compa-
nies allow emission offsetting to reach climate targets, offering a low-
cost alternative to internal decarbonisation. However, the long-term
impact of these effects on emission trajectories remains unclear. In
practice, companies may increase their decarbonisation budgets
once they realise that more funds are necessary. For instance, after
committing USD 1 billion to decarbonisation in 2020, Delta Air Lines
acknowledged in 2023 that additional resources would be required
to achieve their emission reduction targets*’. Moreover, access to
emission offsetting could allow companies to achieve more ambi-
tious climate targets than companies that do not use offsets for
residual emissions.

The lack of significant correlation between the number of retired
carbon credits and environmental performance suggests that volun-
tary carbon offsetting has historically not been associated with moral
hazard. However, there is qualitative evidence that some oil and gas
companies, like Shell, Eni, and Inpex, plan to integrate voluntary
emission offsetting into their climate targets. Although we cannot
assess whether these companies genuinely plan to reduce their emis-
sions, this approach could result in moral hazard if companies pur-
chase carbon credits that do not entail promised emission reductions
rather than actively reduce their emissions. In such a scenario, the use
of carbon credits could reflect the same type of moral hazard pre-
viously observed in the context of renewable energy attributes, where
the claimed benefits fall short of real emission reductions. Lastly, some
compliance pricing mechanisms, such as the Colombian and South
African carbon taxes or the Korean and Californian ETSs, permit
companies to use carbon credits sourced from voluntary carbon
markets to meet part of their obligations*®. Hence, if companies reduce

their compliance emission costs by retiring carbon credits, this can be
associated with moral hazard.

Our findings entail several recommendations for policymakers.
Voluntary emission offsetting is not associated with positive corporate
environmental performance. Therefore, it is not a reliable alternative
to regulatory measures, such as compliance carbon pricing. Policy-
makers should, therefore, focus on strengthening regulatory
mechanisms to ensure substantial corporate contributions to emission
reductions. Moreover, companies in emission-intensive sectors typi-
cally offset only small portions of their total scope 1, 2, and 3 emissions
and allocate minimal funds to purchasing carbon credits. This high-
lights the importance of policies such as the European Union’s direc-
tive to empower consumers for the green transition through better
protection against unfair practices and through better information*®,
which aims to prevent companies from making excessive environ-
mental claims.

While we find clear indications that carbon credits play a minor
role in corporate climate strategies, the study has potential limitations.
First, we only consider a limited number of companies in three hard-to-
abate sectors. Therefore, we might not identify small effect sizes of
carbon credit usage on the change in scope 1 emissions and climate
target ambition. However, few companies in hard-to-decarbonise
sectors purchase substantial quantities of carbon credits and report on
the details of their credit purchases and emissions. In hard-to-
decarbonise sectors like cement, steel, and cargo shipping, no major
company offset substantial shares of their emissions during the latest
CDP reporting year’. Therefore, the effect of voluntary offsetting
cannot be evaluated for those sectors. Second, we rely on self-reported
company data, which are often criticised for their lack of credibility
and comparability between companies. To limit the influence of
reported data, we validated offsetting data with publicly available
carbon credit registries and manually checked if outliers in our dataset
were plausible.

Overall, the system of voluntary offsetting emissions is not asso-
ciated with improved corporate sustainability performance. Most
companies allocate minimal funds to voluntary carbon credits, which,
even if redirected toward internal decarbonisation, would likely have
little impact on their overall environmental performance. Further, the
flexibility for companies to discontinue or alter their offsetting stra-
tegies at any time indicates that emission offsetting does not entail a
solid commitment to decarbonising operations and value chains.
Therefore, voluntary carbon offsetting should not be considered an
indicator of superior corporate environmental performance. Instead,
the public discourse on corporate decarbonisation should focus on
progress in internal and value chain decarbonisation initiatives.

Methods

Quantitative data

Our main data source for numerical sustainability data is the CDP
(formerly known as Carbon Disclosure Project) reporting cycle 2023.
CDP has collected climate impact disclosure from companies since
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2002. Scholars frequently use CDP data to study corporate climate
performance over time***, In addition, we use financial data from S&P
Capital 1Q.

The study includes 89 oil and gas, airlines, and automobile man-
ufacturing companies. These sectors are well-suited for investigating
the role of voluntary emission offsetting, as they are characterised by
high emissions and include some of the largest emission offsetting
companies. In contrast, other hard-to-decarbonise industries, such as
steel, cement, and maritime shipping, rarely engage in voluntary
offsetting*®. The sample includes all passenger airlines and automobile
manufacturers that disclose their emissions to CDP. Further, we
selected the 40 companies with the highest scope 1 emissions from the
oil and gas sector due to the large number of companies in the CDP
dataset. PJSC Lukoil was excluded from the analysis due to substantial
structural changes in the Russian gas industry during the study period.
Consequently, the final sample consists of 39 oil and gas companies, 27
passenger airlines, and 23 automobile manufacturers.

We use data from CDP’s 2023 survey wave to obtain (1) companies’
scope 1, 2 and 3 emissions, (2) carbon credit retirement data (number
of credits and project types), (3) emission targets, and (4) purchased
allowances under emission trading schemes. Companies’ reporting
years in the 2023 CDP survey wave end between 31. March 2022 and 31.
March 2023, with the majority (70 companies) reporting for the
calendar year 2022. In addition to the 2023 survey wave, we use CDP’s
2018 survey wave to obtain historical scope 1 and 2 emission data. Since
36 companies in our sample did not participate in CDP’s emission
disclosure in 2018, we complement the data with information from
corporate sustainability or annual reports. For nine companies (Ko¢
Holding, San Miguel Corporation, Copa Holding, Kinder Morgan, Wizz
Air Holding, Grupo Aeromexico, NFI Group, Hawaiian Holding, and
Chorus Aviation), we have not found scope 1 emission data for 2018.

To improve data reliability, we cross-validate carbon credit
retirement data with the largest voluntary carbon market registries of
Verra, Gold Standard, and CDM. While the CDM was introduced to
enable industrialised countries to reach their emission targets under
the Kyoto Protocol, CDM credits can also be retired for voluntary
purposes. If a company’s cumulative credit retirements in those car-
bon market registries are larger than what the company reports to
CDP, we use the registry data. Discrepancies between CDP data and
registry data happen predominantly in cases where companies offset
emissions for fossil products sold to clients (e.g. Inpex Corporation
and PETRONAS).

Historical emission performance

We define the historical emission performance as the ratio of scope 1
emissions reported in the CDP survey waves 2023 and 2018. We do not
include scope 2 emissions since 20 companies in the sample did not
report scope 2 emissions in 2017, and 13 further companies reported
scope 2 emissions in 2017 without disclosing whether they used the
location-based or market-based accounting approach. Further,
location-based scope 2 emissions are heavily influenced by grid-
emission factors, while market-based scope 2 emissions can be lowered
through the purchase of renewable energy attributes that have been
shown to have little effect on renewable energy expansion®™?. To
ensure robustness, we present findings that include changes in com-
bined scope 1 and 2 emissions in the supplementary information
(Table S4). Further, we do not consider scope 3 emissions since current
reporting practices do not allow for meaningful cross-organisational
comparison®. We exclude Mercedes-Benz Group from the emission
analysis due to the spin-out of Daimler Truck in December 2021. Fur-
ther, we exclude Inpex Corporation from the emission analysis since it
is an outlier with a 1085% increase in scope 1 over the study time. In
the supplementary information we illustrate with a leave-one-out cross-
validation that Inpex Corporation is the only data point that influences
the results substantially (see Supplementary Information Fig. S1).

We perform ordinary least squares (OLS) regression using the
python package statsmodels (version 0.14.1) to estimate the associa-
tion between retired carbon credits and the change in historical
emission reductions. We control for companies’ sizes, industrial sec-
tors, and continents of headquarters. We estimate:

Yi=Bo+B:Xi+B,Ci+€; 0y

where i indexes the companies, Y; is a company’s ratio of scope 1
emissions reported in the CDP survey waves 2023 and 2018, X; is the
number of carbon credits a company retired in CDP’s 2023 reporting
cycle, C; are the control variables, and ¢; represents the error term,
capturing unobserved factors affecting Y. We control for revenue,
sector, and continent of headquarters. We convert the categorical
variables for the sector (automobile, oil and gas, and airlines) and the
continent of headquarters (Asia, Europe, Latin America, and North
America) into binary indicator columns (i.e. one-hot encoding). That
means in the regression, each categorical variable equals 1 if a
company belongs to a specific sector or is headquartered in a
particular region and O otherwise. To avoid multicollinearity, we
excluded the sectoral category “Airlines" and the geographical
category “Asia" from the regression. These omitted categories serve
as the reference groups against which the effects of other categories
are compared.

Climate target ambition
Itis difficult to compare climate target ambition due to differences in
scope, base years and target years. Therefore, corporate climate
targets must be harmonised before they can be directly compared
across companies®. Here we calculate the ambition for each emission
scope (scope 1, 2, and 3) and then add the ambitions weighted with
the relative importance of that scope for a specific industry (relative
importance = avg. share of total emissions for scope n in industry X).
We use the following assumptions and simplifications to con-
struct the target emission trajectories between 2020 and 2050 in line
with previous studies that compared climate targets across
organisations:

* Between intermediate targets, emission trajectories are linear®.

* Emissions that are not covered by any target remain

unchanged*~*

* We only consider company-wide targets, not product targets - e.g.
when a company sells oil and gas but only has a target for their oil
operation, we do not regard it since a reduction in oil emissions
could be compensated by increased gas production. The only
exception is when there are product-level targets for all main
products of a company (e.g. separate targets for oil and gas
operation). This assumption helps to avoid the difficulties of
aggregating product-level emission-intensity targets for integrated
energy companies that often sell different energy and non-energy
products®® by constructing a company-wide intensity metric.

In line with SBTi’s net zero standard®, we accept both absolute and
intensity targets. If, for the same year, intensity and absolute tar-
gets are given, we use the absolute target. While other studies also
accept absolute and intensity targets®*®, in contrast to Bolay et al.
(2022), we do not use the associated expected change in absolute
emissions for intensity targets that companies need to report to
CDP. Instead, we directly use the targeted change in emission
intensity to construct a company’s emission trajectory. The
deviation from previous studies is due to low data quality for the
expected change in absolute emissions for intensity targets.
Often, it is unclear if companies correctly use positive and nega-
tive numbers to indicate expected increases or decreases in
absolute emissions. Further, it is not possible to verify the data
since this data is typically not reported in annual or sustainability
reports. To verify that companies that use intensity targets do not
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Fig. 6 | Illustration of target ambition calculation. Illustration of emission target quantification for company A. The red area is the magnitude of ambition. Since the
targeted emission trajectory is higher than the 1.5° degree trajectory, the ambition is negative.

systematically set more ambitious climate targets, we show in
the Supplementary Information that the share of a company’s
target that is covered by intensity targets is not significantly cor-
related with its target ambition (Table S5) and, therefore, does not
bias the result reported in the regression analysis.

We assign an ambition score for each subtarget by comparing
planned emission trajectories with emission reductions in line with the
annual average of all 1.5 degree Celsius warming emission scenarios
from IPCC’s Sixth Assessment Report™ Studies that evaluated climate
targets compare target ambitions either to emission trajectories™ or to
targeted average annual change in emissions™*°. We choose to com-
pare companies based on the targeted cumulative emissions until
2050 instead of targeted average annual changes in emissions since
not only the average change in emissions but also the shape of the
emission trajectory is directly linked to global warming. The choice of
the reference emission trajectory is not relevant for the regression
results since it is the same constant that is deducted from each
observation and, hence, does not influence the regression coefficients.
Further, we do not use different reference emission trajectories
per sector or geography to avoid biasing our regression results.
Instead, we explicitly control for geography and sector in the
regression.

Figure 6 illustrates how we translate emission targets to emission
trajectories and target ambition for the example company A. Company
A’s emission target only covers 90% of its emissions. Therefore, we
assume that 10% of emissions remain unchanged. First, we construct
the emission trajectory between the base year and target years,
assuming emissions decline linearly. Second, we set 2020 as the
reference year where emissions are at 100%. Finally, we quantify the
target ambition as the area between the targeted company emission
trajectory and the average of IPCC’s 1.5 degree Celsius warming
emission scenarios:

3
Target Ambition = Z(avg,share,scope,n

n=1

2050
x < / IPCC_1.5_scenario dt ()]
2020

2050
- / Company_target_scope_n dt> )
2020

Positive target ambition values indicate targets surpassing the
reference scenario’s ambition, negative target ambition values fall
short of the reference scenario’s ambition, and values of zero indicate
an exact match with the average of IPCC’s 1.5 degree Celsius warming
emission scenarios.

We perform OLS using the python package statsmodels (version
0.14.1) to estimate the effect size of using carbon credits on the com-
panies’ climate target ambitions. We estimate:

Yi=Bo+BXi+B,Ci e 3

where i indexes the companies, ¥; is a company’s climate target
ambition (eq. (2)), X;is the number of carbon credits a company retired
in CDP’s 2023 reporting cycle, C; are the control variables, and ¢;
represents the error term, capturing unobserved factors affecting Y;.
We control for revenue, sector, continent of headquarters, and share
of emissions covered by intermediate targets on the path to net zero.
We convert the categorical variables for the sector (automobile, oil and
gas, and airlines) and the continent of headquarters (Asia, Europe,
Latin America, and North America) into binary indicator columns (i.e.
one-hot encoding). That means in the regression, each categorical
variable equals 1 if a company belongs to a specific sector or is
headquartered in a particular region and 0 otherwise. We include the
share of emissions covered by intermediate targets (i.e. emission
targets that are no net zero targets) to avoid systematically favouring
companies that set only long-term net zero targets without inter-
mediate goals. For instance, a company with a net zero target for 2050
but no intermediate targets would appear to have higher target
ambition than the exemplary company depicted in Fig. 6, as the red
area decreases without Target 1.

Purpose of emission offsetting

Besides the quantitative evaluation of how many carbon credits com-
panies retire, we qualitatively evaluate how companies use carbon
credits over time using the qualitative data analysis software Atlas.ti.
We manually scanned through 488 corporate sustainability and annual
reports for the years 2014-2023 using the search words “offset”,
“carbon credit”, “carbon market", “compensate”, and “compensation”.
We assigned codes when the text passage revealed the purpose of
voluntary carbon credit retirement. We tagged 522 text passages on
carbon credit usage in 238 distinct documents.
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We manually classify the use case of carbon credits into five
categories:

* Retirement to meet emission targets: Companies plan to use
carbon credits to reach an emission target. The quantity of retired
carbon credits depends on the gap to target completion.
Offsetting fixed portion of emissions: Companies define a fixed
portion of their emissions to offset (e.g. scope 1, scope 2, specific
product).

* Employees’ business travel

Customer Offsetting: Companies either offer customers the ser-

vice to purchase carbon credits during checkout (mostly business

to consumer) or offer pre-offset products (both business to

consumer and business to business).

* Other: Offset usage that does not fit in other categories. These are
often pilot projects to source carbon credits in preparation for
compliance schemes or fixed-term marketing events.

Carbon credit costs estimation

Prices companies pay for carbon credits are not publicly available at a
granular level. Therefore, we estimate feasible price ranges by using
the lowest prices reported by companies (USD 3.72 by easyJet™) in our
sample as the low end of the price range and average credit prices 2022
by project type reported by Ecosystem Marketplace®® as the upper end
of the price range. Using Ecosystem Marketplace’s data as an upper
bound is a feasible assumption for the upper end of the feasible price
range since companies in our sample are multinational companies
purchasing relatively large quantities of carbon credits. Therefore, we
assume these companies do not pay prices above the market average.
We estimate the lower (boundary,,,) and upper (boundarypign)
boundary of the feasible carbon credit cost range for company i pur-
chasing carbon credits from project type n as:

budget boundary,, ; = credit price gy, * credits retiredcppgp3 ;

“)

budget boundaryy,,, ; = Z (avg credit price price,, x credits retired,, ;)

4

To put the costs of carbon credits in perspective, we compare
them with companies’ CAPEX and costs of emission allowances
under compliance emission trading schemes. CAPEX, which
represents the funds a company spends to buy or improve assets,
helps assess whether carbon credit costs are substantial enough to
compete with investments in internal decarbonisation. Addition-
ally, by comparing these costs to compliance emission pricing
mechanisms, we evaluate whether carbon offsetting incentivises
companies to accelerate decarbonisation efforts beyond existing
regulation.

ETS cost estimation

We estimate the costs for emission allowances in European
emission trading schemes (EU-ETS, UK-ETS, and Switzerland-ETS)
by multiplying the number of allowances a company purchased
under a specific ETS with average allowance prices in 2022. Compa-
nies disclose the number of allocated allowances, purchased allow-
ances, and overall emissions under ETSs in the CDP survey*’. Average
ETS prices in 2022 are based on the World Bank’s carbon pricing
database (EU ETS: USD 86.52, UK ETS: USD 98.99; Switzerland: 65.59
USD)*. The only exception is easyJet, which does not disclose the
number of purchased allowances in the CDP report. Here we deter-
mine the number of purchased emission allowances as the difference
between scope 1 emissions under the different ETSs disclosed to
CDP* and publicly available information on allocated emission
allowances® .

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All relevant data to reproduce plots can be found in our supplementary
data and under https://github.com/n-stolz/nature_comms_negligible_
role_carbon_offsetting.git. The data used in this article includes data
points from CDP. The reproduction of any part of the CDP data by any
third party is prohibited.

The data can be cited as: Niklas Stolz and Benedict Probst, The
negligible role of carbon offsetting in corporate climate strategies,
https://github.com/n-stolz/nature_comms_negligible_role_carbon_
offsetting.git, https://doi.org/10.5281/zenodo.15634074, 2025.

Code availability
All relevant code can be found under https:/github.com/n-stolz/
nature_comms_negligible_role_carbon_offsetting.git.

References

1.  Stechemesser, A. et al. Climate policies that achieved major emis-
sion reductions: global evidence from two decades. Science 385,
884-892 (2024).

2. van Benthem, A. A., Crooks, E., Giglio, S., Schwob, E. & Stroebel, J.
The effect of climate risks on the interactions between financial
markets and energy companies. Nat. Energy 7, 690-697 (2022).

3. Net Zero Tracker. Net Zero Tracker Net Zero Stocktake 2023. https://
zerotracker.net/analysis/net-zero-stocktake-2023 (2023).

4. lvanova, |. Delta Faces Lawsuit Alleging Its “carbon-neutral" Claim Is
Greenwashing. https://www.cbsnews.com/news/delta-lawsuit-
cabon-neutral-greenwashing-carbon-offsets/ (2023).

5. Taft, M. A Trojan Horse Of Legitimacy: Shell Launches A ‘climate
Tech’ Startup Advertising Jobs In Qil And Gas. https://www.
theguardian.com/us-news/2024/feb/26/shell-climate-tech-
startup-onward-oil-gas-jobs-greenwashing (2024).

6. SBTi. SBTi Corporate Net-Zero Standard v1.1 https://files.
sciencebasedtargets.org/production/files/Legacy_Net-Zero-
Standard_v1.1.pdf (2023).

7. Fankhauser, S. What next on net zero? One Earth 4,

1520-1522 (2021).

8. Diemen, R. V. Annex I: Glossary. In Climate Change 2022—
Mitigation of Climate Change, 1793-1820 (Cambridge University
Press, 2023).

9. Trouwloon, D., Streck, C., Chagas, T. & Martinus, G. Understanding
the use of carbon credits by companies: a review of the defining
elements of corporate climate claims. Glob. Chall. 7,

2200158 (2023).

10. Lakhani, N. This Article Is More Than 2 Months Old Corporations
Invested In Carbon Offsets That Were ‘likely Junk’, Analysis Says.
https://www.theguardian.com/environment/article/2024/may/30/
corporate-carbon-offsets-credits (2024).

1. Stanway, D. Greenpeace Accuses China Oil And Gas Firms Of
‘greenwashing’ LNG Purchase. https://www.reuters.com/
sustainability/climate-energy/greenpeace-accuses-china-oil-gas-
firms-greenwashing-lng-purchases-2023-11-27/ (2023).

12. Durfrasne, G. Why Carbon Offsetting Undermines Climate Targets -
Joint NGO Statement. https://newclimate.org/sites/default/files/
2024-07/Joint-CSO-Statement-Offsetting.pdf (2024).

13. Gray, R., Kouhy, R. & Lavers, S. Corporate social and environmental
reporting: a review of the literature and a longitudinal study of UK
disclosure. Account. Audit. Account. J. 8, 47-77 (1995).

14. Patten, D. M. The relation between environmental performance and
environmental disclosure: a research note. Account. Organ. Soc.
27, 763-773 (2002).

Nature Communications | (2025)16:7963

10


https://github.com/n-stolz/nature_comms_negligible_role_carbon_offsetting.git
https://github.com/n-stolz/nature_comms_negligible_role_carbon_offsetting.git
https://github.com/n-stolz/nature_comms_negligible_role_carbon_offsetting.git
https://github.com/n-stolz/nature_comms_negligible_role_carbon_offsetting.git
https://doi.org/10.5281/zenodo.15634074
https://github.com/n-stolz/nature_comms_negligible_role_carbon_offsetting.git
https://github.com/n-stolz/nature_comms_negligible_role_carbon_offsetting.git
https://zerotracker.net/analysis/net-zero-stocktake-2023
https://zerotracker.net/analysis/net-zero-stocktake-2023
https://www.cbsnews.com/news/delta-lawsuit-cabon-neutral-greenwashing-carbon-offsets
https://www.cbsnews.com/news/delta-lawsuit-cabon-neutral-greenwashing-carbon-offsets
https://www.theguardian.com/us-news/2024/feb/26/shell-climate-tech-startup-onward-oil-gas-jobs-greenwashing
https://www.theguardian.com/us-news/2024/feb/26/shell-climate-tech-startup-onward-oil-gas-jobs-greenwashing
https://www.theguardian.com/us-news/2024/feb/26/shell-climate-tech-startup-onward-oil-gas-jobs-greenwashing
https://files.sciencebasedtargets.org/production/files/Legacy_Net-Zero-Standard_v1.1.pdf
https://files.sciencebasedtargets.org/production/files/Legacy_Net-Zero-Standard_v1.1.pdf
https://files.sciencebasedtargets.org/production/files/Legacy_Net-Zero-Standard_v1.1.pdf
https://www.theguardian.com/environment/article/2024/may/30/corporate-carbon-offsets-credits
https://www.theguardian.com/environment/article/2024/may/30/corporate-carbon-offsets-credits
https://www.reuters.com/sustainability/climate-energy/greenpeace-accuses-china-oil-gas-firms-greenwashing-lng-purchases-2023-11-27/
https://www.reuters.com/sustainability/climate-energy/greenpeace-accuses-china-oil-gas-firms-greenwashing-lng-purchases-2023-11-27/
https://www.reuters.com/sustainability/climate-energy/greenpeace-accuses-china-oil-gas-firms-greenwashing-lng-purchases-2023-11-27/
https://newclimate.org/sites/default/files/2024-07/Joint-CSO-Statement-Offsetting.pdf
https://newclimate.org/sites/default/files/2024-07/Joint-CSO-Statement-Offsetting.pdf
www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-62970-w

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

Lindblom, C. K. The Implications Of Organizational Legitimacy For
Corporate Social Performance And Disclosure. https://www.scirp.
org/reference/referencespapers?referenceid=1905311 (1994).
Kotek, K., Schoenberg, A. M. & Schwand, C. CSR behavior: between
altruism and profit maximization. In Innovation Management and
Corporate Social Responsibility: Social Responsibility as Competi-
tive Advantage (ed. Altenburger, R.) 159-169 (Springer International
Publishing, 2018).

Baker, T. On the genealogy of moral hazard. Tex. Law Rev. 75,
237-292 (1996).

Qian, W. & Schaltegger, S. Revisiting carbon disclosure and per-
formance: legitimacy and management views. Br. Account. Rev. 49,
365-379 (2017).

Downar, B., Ernstberger, J., Reichelstein, S., Schwenen, S. & Zaklan,
A. The impact of carbon disclosure mandates on emissions and
financial operating performance. Rev. Account. Stud. 26,
137-1175 (2021).

Hsueh, L. Voluntary climate action and credible regulatory threat:
evidence from the carbon disclosure project. J. Regul. Econ. 56,
188-225 (2019).

Haque, F. & Ntim, C. G. Executive compensation, sustainable
compensation policy, carbon performance and market value. Br. J.
Manag. 31, 525-546 (2020).

Belkhir, L., Bernard, S. & Abdelgadir, S. Does GRI reporting impact
environmental sustainability? a cross-industry analysis of CO2
emissions performance between GRI-reporting and non-reporting
companies. Manag. Environ. Qual. Int. J. 28, 138-155 (2017).
Dahlmann, F., Branicki, L. & Brammer, S. Managing carbon aspira-
tions: the influence of corporate climate change targets on envir-
onmental performance. J. Bus. Ethics 158, 1-24 (2019).

loannou, I., Li, S. X. & Serafeim, G. The effect of target difficulty on
target completion: the case of reducing carbon emissions. Account.
Rev. 91, 1467-1492 (2016).

KlaaBen, L., Lohmiiller, C. & Steffen, B. Assessing corporate climate
action: corporate climate policies and company-level emission
reductions. PLOS Clim. 3, e0000458 (2024).

World Resources Institute & World Business Council for Sustainable
Development. The Greenhouse Gas Protocol: A Corporate
Accounting and Reporting Standard, Revised Edition. https://
ghgprotocol.org/corporate-standard (2024).

Ascui, F., Brander, M., Cojoianu, T. & Li, Q. Moral hazard and the
market-based method: does using REAs affect corporate emissions
performance? Acad. Manag. Proc. 2021, 15686 (2021).

Bjern, A., Lloyd, S. M., Brander, M. & Matthews, H. D. Renewable
energy certificates threaten the integrity of corporate science-
based targets. Nat. Clim. Change 12, 539-546 (2022).

Brander, M., Gillenwater, M. & Ascui, F. Creative accounting: a cri-
tical perspective on the market-based method for reporting pur-
chased electricity (scope 2) emissions. Energy Policy 112,

29-33 (2018).

Gillenwater, M., Lu, X. & Fischlein, M. Additionality of wind energy
investments in the U.S. voluntary green power market. Renew.
Energy 63, 452-457 (2014).

Ecosystem Marketplace. All in on Climate: The Role of Carbon
Credits in Corporate Climate Strategies. https://www.
ecosystemmarketplace.com/publications/2023-em-all-in-on-
climate-report/ (2023).

Sylvera. Carbon Credits: Permission to Pollute, or Pivotal for Pro-
gress? - Does Investment In Carbon Credits Hinder Decarbonization
Among The World's Largest Companies?. https://www.sylvera.
com/reports/carbon-credits-and-decarbonization (2023).

MSCI. Corporate Emission Performance and the Use of Carbon
Credits. https://www.msci.com/research-and-insights/paper/
corporate-emissions-performance-and-the-use-of-carbon-

credits (2023).

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

Engler, D., Gutsche, G., Simixhiu, A. & Ziegler, A. On the relationship
between corporate CO2 offsetting and pro-environmental activities
in small- and medium-sized firms in Germany. Energy Econ. 118,
106487 (2023).

Probst, B. S. et al. Systematic assessment of the achieved emission
reductions of carbon crediting projects. Nat. Commun. 15,

9562 (2024).

Trencher, G., Nick, S., Carlson, J. & Johnson, M. Demand for low-
quality offsets by major companies undermines climate integrity of
the voluntary carbon market. Nat. Commun. 15, 6863 (2024).
Berger-Schmitz, Z., George, D., Hindal, C., Perkins, R. & Travaille, M.
What explains firms’ net zero adoption, strategy and response? Bus.
Strategy Environ. 32, 5583-5601 (2023).

Hogelund, R. & Mitchel-Larson, E. Bridging The Ambition Gap: A
Framework For Scaling Corporate Funds For Carbon Removal And
Wider Climate Action. https://carbongap.org/wp-content/uploads/
2022/11/Ambition_Gap_Report_Nov22.pdf (2022).

Ock, H. L. The Promise Of Voluntary Carbon Markets Unlocking
Finance For The Global South May Be A Myth. https://newclimate.
org/news/the-promise-of-voluntary-carbon-markets-unlocking-
finance-for-the-global-south-may-be-a-myth (2024).

CDP. CDP: Public Climate Change Dataset 2023. https://www.cdp.
net/en/disclose/question-bank/climate-change (2023).

BP. Reimagining Energy for People and Our Planet. https://www.bp.
com/content/dam/bp/business-sites/en/global/corporate/pdfs/
sustainability/group-reports/bp-sustainability-report-2020.

pdf (2020).

Delta. 2020 ESG Report. https://www.delta.com/content/dam/
delta-www/about-delta/corporate-responsibility/2020-esg-report.
pdf (2020).

Eni. Eni for a Just Trainsition 2023. https://www.eni.com/content/
dam/enicom/documents/eng/sustainability/2023/eni-for-2023-
just-transition-eng.pdf (2023).

Shell. Sustainability Report 2023. https://www.shell.com/
sustainability/reporting-centre/reporting-centre-archive/_jcr_
content/root/main/section_2106585602/tabs/tab/text_copy/links/
itemO.stream/1742906426699/4ef5cfa607e5e308ad8a68fc3
ddffbe6342f8fa8/shell-sustainability-report-2023.pdf (2023).
Inpex. Sustainability Report 2022. https://www.sustainability-
report.inpex.co.jp/2022/en/services/downloads.html (2022).
World Bank Group. State and Trends of Carbon Pricing Dashboard.
https://carbonpricingdashboard.worldbank.org/compliance/
price (2023).

Delta. ESG Report 2023. https://esghub.delta.com/content/esg/
en/2023/home.html (2023).

UNFCCC. Regional Climate Week Asia-Pacific - The Role of Carbon
Credits. https://unfccc.int (2023).

European Parliament & Council. Directive (EU) 2024/825 of the
European Parliament and of the Council of 28 February 2024
amending Directives 2005/29/EC and 2011/83/EU As Regards
Empowering Consumers For The Green Transition Through Better
Protection Against Unfair Practices And Through Better Information.
https://eur-lex.europa.eu/eli/dir/2024/825/0j/eng (2024).

Damert, M., Paul, A. & Baumgartner, R. J. Exploring the determinants
and long-term performance outcomes of corporate carbon strate-
gies. J. Clean. Prod. 160, 123-138 (2017).

Doda, B., Gennaioli, C., Gouldson, A., Grover, D. & Sullivan, R. Are
corporate carbon management practices reducing corporate car-
bon emissions? Corp. Soc. Responsib. Environ. Manag. 23,
257-270 (2016).

Callery, P. J. The influence of strategic disclosure on corporate
climate performance ratings. Bus. Soc. 62, 950-988 (2023).
Gallego-Alvarez, |., Garcia-Sanchez, I. M. & da Silva Vieira, C. Cli-
mate change and financial performance in times of crisis. Bus.
Strategy Environ. 23, 361-374 (2014).

Nature Communications | (2025)16:7963


https://www.scirp.org/reference/referencespapers?referenceid=1905311
https://www.scirp.org/reference/referencespapers?referenceid=1905311
https://ghgprotocol.org/corporate-standard
https://ghgprotocol.org/corporate-standard
https://www.ecosystemmarketplace.com/publications/2023-em-all-in-on-climate-report/
https://www.ecosystemmarketplace.com/publications/2023-em-all-in-on-climate-report/
https://www.ecosystemmarketplace.com/publications/2023-em-all-in-on-climate-report/
https://www.sylvera.com/reports/carbon-credits-and-decarbonization
https://www.sylvera.com/reports/carbon-credits-and-decarbonization
https://www.msci.com/research-and-insights/paper/corporate-emissions-performance-and-the-use-of-carbon-credits
https://www.msci.com/research-and-insights/paper/corporate-emissions-performance-and-the-use-of-carbon-credits
https://www.msci.com/research-and-insights/paper/corporate-emissions-performance-and-the-use-of-carbon-credits
https://carbongap.org/wp-content/uploads/2022/11/Ambition_Gap_Report_Nov22.pdf
https://carbongap.org/wp-content/uploads/2022/11/Ambition_Gap_Report_Nov22.pdf
https://newclimate.org/news/the-promise-of-voluntary-carbon-markets-unlocking-finance-for-the-global-south-may-be-a-myth
https://newclimate.org/news/the-promise-of-voluntary-carbon-markets-unlocking-finance-for-the-global-south-may-be-a-myth
https://newclimate.org/news/the-promise-of-voluntary-carbon-markets-unlocking-finance-for-the-global-south-may-be-a-myth
https://www.cdp.net/en/disclose/question-bank/climate-change
https://www.cdp.net/en/disclose/question-bank/climate-change
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2020.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2020.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2020.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/sustainability/group-reports/bp-sustainability-report-2020.pdf
https://www.delta.com/content/dam/delta-www/about-delta/corporate-responsibility/2020-esg-report.pdf
https://www.delta.com/content/dam/delta-www/about-delta/corporate-responsibility/2020-esg-report.pdf
https://www.delta.com/content/dam/delta-www/about-delta/corporate-responsibility/2020-esg-report.pdf
https://www.eni.com/content/dam/enicom/documents/eng/sustainability/2023/eni-for-2023-just-transition-eng.pdf
https://www.eni.com/content/dam/enicom/documents/eng/sustainability/2023/eni-for-2023-just-transition-eng.pdf
https://www.eni.com/content/dam/enicom/documents/eng/sustainability/2023/eni-for-2023-just-transition-eng.pdf
https://www.shell.com/sustainability/reporting-centre/reporting-centre-archive/_jcr_content/root/main/section_2106585602/tabs/tab/text_copy/links/item0.stream/1742906426699/4ef5cfa607e5e308ad8a68fc3ddffbe6342f8fa8/shell-sustainability-report-2023.pdf
https://www.shell.com/sustainability/reporting-centre/reporting-centre-archive/_jcr_content/root/main/section_2106585602/tabs/tab/text_copy/links/item0.stream/1742906426699/4ef5cfa607e5e308ad8a68fc3ddffbe6342f8fa8/shell-sustainability-report-2023.pdf
https://www.shell.com/sustainability/reporting-centre/reporting-centre-archive/_jcr_content/root/main/section_2106585602/tabs/tab/text_copy/links/item0.stream/1742906426699/4ef5cfa607e5e308ad8a68fc3ddffbe6342f8fa8/shell-sustainability-report-2023.pdf
https://www.shell.com/sustainability/reporting-centre/reporting-centre-archive/_jcr_content/root/main/section_2106585602/tabs/tab/text_copy/links/item0.stream/1742906426699/4ef5cfa607e5e308ad8a68fc3ddffbe6342f8fa8/shell-sustainability-report-2023.pdf
https://www.shell.com/sustainability/reporting-centre/reporting-centre-archive/_jcr_content/root/main/section_2106585602/tabs/tab/text_copy/links/item0.stream/1742906426699/4ef5cfa607e5e308ad8a68fc3ddffbe6342f8fa8/shell-sustainability-report-2023.pdf
https://www.sustainability-report.inpex.co.jp/2022/en/services/downloads.html
https://www.sustainability-report.inpex.co.jp/2022/en/services/downloads.html
https://carbonpricingdashboard.worldbank.org/compliance/price
https://carbonpricingdashboard.worldbank.org/compliance/price
https://esghub.delta.com/content/esg/en/2023/home.html
https://esghub.delta.com/content/esg/en/2023/home.html
https://unfccc.int
https://eur-lex.europa.eu/eli/dir/2024/825/oj/eng
www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-62970-w

54. KlaaBen, L. & Stoll, C. Harmonizing corporate carbon footprints.
Nat. Commun. 12, 6149 (2021).

55. Bolay, A.-F., Bjern, A., Weber, O. & Margni, M. Prospective sectoral
GHG benchmarks based on corporate climate mitigation targets. J.
Clean. Prod. 376, 134220 (2022).

56. Dietz, S., Gardiner, D., Jahn, V., & Noels, J. Carbon Performance
Assessment Of Oil & Gas Producers: Note On Methodology. https://
www.transitionpathwayinitiative.org/publications/uploads/2024-
carbon-performance-assessment-of-oil-and-gas-producers-note-
on-methodology.pdf (2021).

57. Byers, E. et al. AR6 Scenarios Database. https://iiasa.ac.at/models-
tools-data/ar6-scenario-explorer-and-database (2022).

58. Bjern, A., Lloyd, S. & Matthews, D. From the Paris agreement to
corporate climate commitments: evaluation of seven methods for
setting ‘science-based’ emission targets. Environ. Res. Lett. 16,
054019 (2021).

59. Gwyn Topham. Easyjet To Offset Carbon Emissions From All Its
Flights. https://www.theguardian.com/business/2022/sep/26/
easyjet-will-stop-offsetting-carbon-emissions-from-planes-
roadmap-net-zero (2019).

60. Ecosystem-Marketplace. 2023 State of the Voluntary Carbon Mar-
kets Report: Paying for Quality. https://www.
ecosystemmarketplace.com/publications/state-of-the-voluntary-
carbon-market-report-2023/ (2023).

61. Department for Energy Security & Net Zero. UK ETS Aviation Allo-
cation Table for the 2021 to 2025 Allocation Period. https://www.
gov.uk/csv-preview/67da8abc594182179fe087ee/uk-ets-aviation-
allocation-table-march-2025.csv (2024).

62. Federal Office for the Environment. Emissions Trading System for
Aircraft Operators. https://www.bafu.admin.ch/bafu/en/home/
topics/climate/info-specialists/reduction-measures/ets/aviation.
html (2024).

63. European Commission. Commission Decision of 13 December 2021
on instructing the Central Administrator of the European Union
Transaction Log to enter the national aviation allocation tables of
Belgium, Bulgaria, Czechia, Denmark, Germany, Estonia, Ireland,
Greece, Spain, France, Croatia, Italy, Cyprus, Latvia, Lithuania, Lux-
embourg, Hungary, Malta, Netherlands, Austria, Poland, Portugal,
Romania, Slovenia, Slovakia, Finland and Sweden into the European
Union Transaction Log 2022/C 74/04. https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=uriserv%3A0J.C_.2022.074.01.0006.
01.ENG&toc=0J%3AC%3A2022%3A074%3ATOC (2022).

64. easylet. Annual Report 2022. https://s203.q4cdn.com/522538739/
files/shareholder_docs/2023/annual-report-2022.pdf (2022).

Acknowledgements
Niklas Stolz is part of SPEED2ZERO, a Joint Initiative co-financed by the
ETH Board. We would like to express our gratitude to Lambert Schneider,

Malte Toetzke, and Volker Hoffmann for their valuable input and
insightful discussions that contributed to the development of this work.

Author contributions

N.S. designed and led the implementation of the study and collected
and analysed the data. N.S. and B.S.P. developed the methodology and
wrote the manuscript.

Funding
Open access funding provided by Swiss Federal Institute of Technology
Zurich.

Competing interests
The authors declare no competing interests.

Additional information

Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41467-025-62970-w.

Correspondence and requests for materials should be addressed to
Niklas Stolz.

Peer review information Nature Communications thanks the anon-
ymous reviewers for their contribution to the peer review of this work. A
peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2025

Nature Communications | (2025)16:7963

12


https://www.transitionpathwayinitiative.org/publications/uploads/2024-carbon-performance-assessment-of-oil-and-gas-producers-note-on-methodology.pdf
https://www.transitionpathwayinitiative.org/publications/uploads/2024-carbon-performance-assessment-of-oil-and-gas-producers-note-on-methodology.pdf
https://www.transitionpathwayinitiative.org/publications/uploads/2024-carbon-performance-assessment-of-oil-and-gas-producers-note-on-methodology.pdf
https://www.transitionpathwayinitiative.org/publications/uploads/2024-carbon-performance-assessment-of-oil-and-gas-producers-note-on-methodology.pdf
https://iiasa.ac.at/models-tools-data/ar6-scenario-explorer-and-database
https://iiasa.ac.at/models-tools-data/ar6-scenario-explorer-and-database
https://www.theguardian.com/business/2022/sep/26/easyjet-will-stop-offsetting-carbon-emissions-from-planes-roadmap-net-zero
https://www.theguardian.com/business/2022/sep/26/easyjet-will-stop-offsetting-carbon-emissions-from-planes-roadmap-net-zero
https://www.theguardian.com/business/2022/sep/26/easyjet-will-stop-offsetting-carbon-emissions-from-planes-roadmap-net-zero
https://www.ecosystemmarketplace.com/publications/state-of-the-voluntary-carbon-market-report-2023/
https://www.ecosystemmarketplace.com/publications/state-of-the-voluntary-carbon-market-report-2023/
https://www.ecosystemmarketplace.com/publications/state-of-the-voluntary-carbon-market-report-2023/
https://www.gov.uk/csv-preview/67da8abc594182179fe087ee/uk-ets-aviation-allocation-table-march-2025.csv
https://www.gov.uk/csv-preview/67da8abc594182179fe087ee/uk-ets-aviation-allocation-table-march-2025.csv
https://www.gov.uk/csv-preview/67da8abc594182179fe087ee/uk-ets-aviation-allocation-table-march-2025.csv
https://www.bafu.admin.ch/bafu/en/home/topics/climate/info-specialists/reduction-measures/ets/aviation.html
https://www.bafu.admin.ch/bafu/en/home/topics/climate/info-specialists/reduction-measures/ets/aviation.html
https://www.bafu.admin.ch/bafu/en/home/topics/climate/info-specialists/reduction-measures/ets/aviation.html
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.074.01.0006.01.ENG&toc=OJ%3AC%3A2022%3A074%3ATOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.074.01.0006.01.ENG&toc=OJ%3AC%3A2022%3A074%3ATOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.C_.2022.074.01.0006.01.ENG&toc=OJ%3AC%3A2022%3A074%3ATOC
https://s203.q4cdn.com/522538739/files/shareholder_docs/2023/annual-report-2022.pdf
https://s203.q4cdn.com/522538739/files/shareholder_docs/2023/annual-report-2022.pdf
https://doi.org/10.1038/s41467-025-62970-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	The negligible role of carbon offsetting in corporate climate strategies
	Results
	Emission offsetting is not associated with better environmental performance
	Most companies spend negligible funds on carbon credits
	The role of emission offsetting in corporate climate strategies is volatile
	Most companies offset a small share of their total emissions
	Large-scale offsetting might compete with internal decarbonisation

	Discussion
	Methods
	Quantitative data
	Historical emission performance
	Climate target ambition
	Purpose of emission offsetting
	Carbon credit costs estimation
	ETS cost estimation
	Reporting summary

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Additional information




