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Superpollutants are a major planetary threat

Accessible, affordable action that will immediately and drastically slow near-term
climate warming is at our fingertips. As we exceed 1.5°C, damages in the near term are
large and growing exponentially due to a subset of greenhouse gases—superpollutants—
that create high near-term global warming. Climate leaders Google, Netflix, Workday, and
others are adding these gases into the core of their climate action playbooks, scaling
their investments up quickly to address the climate crisis.' 2 3

Superpollutant emissions are key contributors to near-term warming. Gases such as
methane, nitrous oxide, and fluorocarbons are responsible for approximately half of

the warming observed today. Each of them has properties that accelerate warming in
the near term, with warming effects of 100s or 1000s of times that of carbon dioxide.
Superpollutant emissions have an outsized effect on the current rate of warming,
whereas carbon dioxide (CO,) emissions are more deterministic of the ultimate extent
of warming over longer time periods. By reducing emissions of superpollutants, we can
achieve an immediate reduction in the rate of warming, buying our planet critical time by
bending the climate curve when it matters most.

To put the challenge into context, studies suggest that mitigating the entire stock of
superpollutants could avoid more than half a degree Celsius of warming by midcentury
and over one degree by the end of the century.® Investing in superpollutant mitigation
may be among the best uses of climate capital today.
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Figure 1. The impact of superpollutants on global warming is more potent in the near term, which is why they are also sometimes
referred to as “short-lived climate forcers.” Historically, gases have been quantified in terms of their equivalence to the avoided or
removed emission of one metric ton of CO, in units of aggregate radiative forcing over 100 years. To illustrate, Figure 1 shows that
one ton of CO, emitted in the first year will persist in the atmosphere and contribute to radiative forcing over centuries, whereas one
MTCO,e of CHa over 100 years behaves differently. It initially contributes much more to radiative forcing, with an outsized impact in
the near term, and a lesser impact in the long term.® With annual superpollutant emissions from anthropogenic sources estimated to
be around 15 billion metric tons of CO, equivalent (MTCO.e)’, there is potential for a wide variety of policy and market measures to
mitigate near-term warming.



We have the tools to mitigate superpollutants today

We know many of the key actions that are needed to reduce superpollutants and
their potential impact. Methane, nitrous oxide, fluorinated gases, and black carbon are
emitted from well-understood sources. For many of these sources, policy measures are
in place, or emerging and mitigation activity is underway. These elements provide the
groundwork to scale now, with significant impact.?
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Many of these activities are possible today. This is evidenced by international and
national policies, industry commitments, and the voluntary carbon market (VCM).
Considering the last, Figure 2 illustrates the mitigation activities within the VCM

that delivered emission reductions in 2024. The VCM, in part, is serving as a proving
ground for financing, implementing, and verifying the abatement of these emissions.
It also hosts a pipeline of up-and-coming activities that reduce superpollutant
emissions. These currently include mitigating methane from manure, followed by
landfill gas capture/flaring, rice methane management, biodigesters, and wastewater
methane management.?’ While there is ongoing and necessary improvement in impact
measurement based on the latest scientific knowledge (see discussion on integrity
below), the mitigation activities that are underway (credit issuances) and planned already
provide a blueprint for activity that can be accelerated.

2024 VCM credit issuance volume by superpollutant project
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Figure 2. Superpollutant mitigation activity (illustrated by credits issued in the VCM in 2024) provides a view into what is both
feasible and affordable in the very near term for climate action. Methane mitigation represents the largest share of activity to date
compared to nitrous oxide and fluorocarbons. Methane abatement—through flaring or capturing landfill gas and, more recently,
addressing leaks in transmission lines or orphaned wells and capturing gas from mines, manure, or wastewater—comprises over 50
percent of the superpollutant credits issued. In terms of available carbon credits (i.e., those issued but not yet retired or used) from
these types of activities, landfill gas (41 million credits), HFC replacement (36 million credits), leak detection and repair (25 million
credits from less than 10 projects), and biodigesters (14 million credits) offer the highest volumes. Expanding the view to include
California’s Air Resources Board-eligible credits brings mine methane and manure methane digesters into the picture, each with just
over 10 million credits available. Issuance figures do not include credits issued via the Clean Development Mechanism.



Governments play an important role through regulation of these substances, but
the voluntary carbon market can also play a role where regulation is not possible, to
support innovation or build political will for future regulation. Projections from the
Carbon Containment Lab indicate one billion MTCO,e of mitigation via the existing VCM
is likely in a business-as-usual scenario (BAU) by 2023 (see Figure 3), and, in a more
aggressive scenario, 3.5 billion MTCO.e is within reach by 2035.
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Figure 3. Projections show business-as-usual growth, and there is significant potential to accelerate with investment beyond
these rates. By applying a growth rate to existing data on voluntary carbon credits from the four largest registries (ACR, Climate
Action Reserve, Gold Standard, and Verra) for superpollutants, three scenarios were modeled: business-as-usual (BAU), medium, and
aggressive growth rates. The BAU pathway was generated by applying the compounded annual growth rate observed from 2014 to
2024. This reflects a cumulative total of 0.467 billion MTCO.e for 2025-2030. In the aggressive-growth pathway (applying the BAU
plus a 20 percent growth per year), credit issued volumes are projected at roughly 0.705 billion MTCO.e for 2025-2030. Figures for
2025 include actuals through June, and projections through December. Of course, different types of projects face different drivers
and constraints than in the past, and project activity will vary based on region and demand.

Scale is achievable but activities in the VCM will require improvement. Calyx Global

has generated over 1000 greenhouse gas integrity ratings and found that 40 percent of
superpollutant ratings fall into the Tier 1 range—the top tier for greenhouse gas integrity
(AAA, AA, or A)—compared to only one percent of non-superpollutant credits (see Figure
4). While superpollutant credits tend to make stronger climate benefit claims compared
to non-superpollutant credits, over half remain in the lower tiers, suggesting considerable
room for improvement. Fortunately, addressing these issues is possible and the market

is seeing steady improvement in carbon credit quality. The stakes are high and getting it
right matters to earn the confidence of buyers and the broader public that is needed to
scale the market and accelerate mitigation activities more broadly.



Distribution of Calyx Global GHG ratings for credits from superpollutant
and non-superpollutant project types
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Figure 4. Ratings of superpollutant credits versus other credit types. Among Calyx Global’s 1000+ ratings, superpollutant credits
tend to have higher GHG integrity, on average, than all other project types (e.g., forestry, renewable energy, etc.). This is not to
suggest that other projects cannot achieve higher integrity. We note that many other project types—in particular, nature- and
household-based (e.g., cookstove) projects-are undergoing methodology revisions that we believe will change the distribution of
these ratings over time.

Finally, there is still space to innovate, scaling new mitigation technologies and new
approaches to support early-stage projects. While policy and carbon market activity is
underway for some of the major sources of superpollutant emissions, there are still many
superpollutant emissions that need attention. For example, the Carbon Containment

Lab has identified natural and agricultural sources of methane emissions for which
mitigation pathways are being tested.?? In addition, novel approaches to gathering and
mitigating disparate sources of HFC emissions are being developed with the help of new
traceability technology. Existing mitigation pathways can also be applied in new regions.
However, for these pathways to operate in the market, new methodologies may need to
be developed, and regional capacity needs to be built. Furthermore, funding would be
required for field testing, measurement, and analysis to meet the rigors of carbon credit
markets.



Lead the charge: Address near-term warming by
supporting superpollutant mitigation

Companies can “bend the curve” of warming by supporting superpollutant mitigation.
With more certain demand, supply will follow. Purchasing high-quality superpollutant
credits sends a signal that will accelerate new mitigation projects. Currently, high-quality
superpollutant credits trade at prices far below lower-quality credits.?® In other words,
companies can have more impact at a lower cost by supporting superpollutant mitigation.

Join companies, including Google, Netflix, and Workday, that have made tackling
superpollutants part of their climate action playbooks. Many companies are creating
carbon credit portfolios. Some are going further by entering into forward offtake
agreements and helping to build new projects with their investments and technical
support. We believe it is worthwhile to consider such credits—alongside CO,-focused
credits including removals—as part of a company’s climate strategy. The fact is, we need
it all.



About us

Carbon
Containment
Lab

The Carbon Containment Lab is a nonprofit organization that creates an enabling
environment for emerging climate solutions by applying scientific, entrepreneurial, and
investment expertise. Founded in 2020 at Yale University, it became an independent
501(c)(3) charitable organization in 2024. The Lab partners widely and draws inspiration
from academics, practitioners, past efforts, and parallel fields. Our superpollutant
publications can be found at: https://carboncontainmentlab.org/programs/super-

pollutants

)}

Calyx Global **

Calyx Global empowers companies to make high-impact carbon credit decisions
through independent, rigorous carbon credit ratings, investment decision tools and
research. Their expert team provides unbiased analysis of carbon credit integrity across
greenhouse gas claims, Sustainable Development Goals and social and environmental
safeguards. Recognized as the most reliable carbon credit rater by Carbon Market
Watch, Calyx Global has evaluated the majority of credits available on the market, with
over 1,000 projects and counting. To learn more about superpollutant carbon credits and
credit quality, visit www.calyxglobal.com.

Contributors

Authors: Donna Lee, Anastasia O'Rourke, Jennifer Cooper

Contributions from: Sinead Crotty, Nico Curtis, Selin Goren, Leslie Guerra, Cici Xu, Ethan
Olim, Alex Procton, Dean Takahashi

Reviewed by: Randy Spock and Reilly O'Hara, Google

Cover photo image: Anastasia O'Rourke, September 2025

Citation

Lee, D, O'Rourke, A, Cooper, J (2025) Superpollutants: Tackling a Major Climate Threat,
Carbon Containment Lab and Calyx Global.


https://carboncontainmentlab.org/programs/super-pollutants 
https://carboncontainmentlab.org/programs/super-pollutants 
https://carboncontainmentlab.org/programs/super-pollutants 
https://carboncontainmentlab.org/programs/super-pollutants 
http://www.calyxglobal.com

Endnotes

1 “2024 Netflix Environmental Social Governance Report.” 2025. Netflix. https://s22.g4cdn.com/959853165/files/
doc_downloads/2025/6/2024-Netflix-Environmental-Social-Governance-Report.pdf.

2 “Lighting the Path Forward. 2025 Workday Global Impact Report.” Workday. https://www.workday.com/content/
dam/web/en-us/documents/other/workday-global-impact-report.pdf?refCamp=7014X000002uVBsQAM.

3 Spock, Randy. 2025. “We're Announcing Two New Partnerships to Eliminate Superpollutants and Help the
Atmosphere.” Google. May 8. https://blog.google/outreach-initiatives/sustainability/google-eliminating-superpollutants-
to-help-atmosphere/.

4 “Super Pollutants” Climate & Clean Air Coalition, 22 July 2024. www.ccacoalition.org/news/super-pollutants.
5 Ibid
6 Takahashi, D & Crotty, C. (2025), Method for Evaluating Social Benefit of Super Pollution Abatement, in

preparation. Carbon Containment Lab.

7 Dhakal, Shobhakar, Jan C. Minx, Ferenc L. Toth, Amr Abdel-Aziz, Mariana J. Figueroa Meza, Klaus Hubacek,
Ingo G. C. Jonckheere, Yong-Gun Kim, Gregory F. Nemet, Shonali Pachauri, Xuechun Tan, and Thomas Wiedmann.
2022. “Emissions Trends and Drivers.” In Climate Change 2022: Mitigation of Climate Change. Contribution of Working
Group lll to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, edited by P.R. Shukla, Jim
Skea, R. Slade, A. Al Khourdajie, R. van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R. Fradera, M. Belkacemi,
A. Hasija, G. Lisboa, S. Luz, and J. Malley. Cambridge, UK and New York, NY: Cambridge University Press. https://doi.
0rg/10.1017/9781009157926.004.

8 O’Rourke, Anastasia, and Selin Goren. 2025. “Containing Super Pollutants with Carbon Markets.” Carbon
Containment Lab. May 11. https://carboncontainmentlab.org/updates/posts/containing-superpollutants-with-carbon-
markets-a-review-of-available-methodologies.

9 Intergovernmental Panel on Climate Change (IPCC). Climate Change 2023: Synthesis Report. Contribution of
Working Groups |, Il and Ill to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Edited by
Core Writing Team, H. Lee, and J. Romero. Geneva: IPCC, 2023. https://doi.org/10.59327/IPCC/AR6-9789291691647.

10 Ibid.

1 O’Rourke, Patrick R, Steven J Smith, Andrea Mott, et al. “CEDS V_2021_04_21 Release Emission Data.” Zenodo,
April 6, 2021. https://zenodo.org/records/4741285.

12 2025. Homepage | Global Methane Pledge. https://www.globalmethanepledge.org/.

13 Krishnamurthy, Rohini. 2024. “Addressing N20O Emissions Key to Meeting 1.5°c Target, Protecting Human Health,
Biodiversity: Report.” Down to Earth. November 13, 2024. https://www.downtoearth.org.in/climate-change/addressing-
n20-emissions-key-to-meeting-15c-target-protecting-human-health-biodiversity-report

14 United Nations Environment Programme, & Food and Agriculture Organization of the United Nations. 2024.
Global Nitrous Oxide Assessment. https://wedocs.unep.org/20.500.11822/46562.

15 “Global Warming Potential Values.” n.d. Greenhouse Gas Protocol. Accessed September 15. https://ghgprotocol.
org/sites/default/files/ghgp/Global-Warming-Potential-Values%20(Feb %2016 %202016)_1.pdf.

16 Velders, Guus J. M., John S. Daniel, Stephen A. Montzka, Isaac Vimont, Matthew Rigby, Paul B. Krummel, Jens
Muhle, et al. 2022. “Projections of Hydrofluorocarbon (HFC) Emissions and the Resulting Global Warming Based on


https://s22.q4cdn.com/959853165/files/doc_downloads/2025/6/2024-Netflix-Environmental-Social-Governa
https://s22.q4cdn.com/959853165/files/doc_downloads/2025/6/2024-Netflix-Environmental-Social-Governa
https://www.workday.com/content/dam/web/en-us/documents/other/workday-global-impact-report.pdf?refCa
https://www.workday.com/content/dam/web/en-us/documents/other/workday-global-impact-report.pdf?refCa
https://blog.google/outreach-initiatives/sustainability/google-eliminating-superpollutants-to-help-a
https://blog.google/outreach-initiatives/sustainability/google-eliminating-superpollutants-to-help-a
http://www.ccacoalition.org/news/super-pollutants
https://carboncontainmentlab.org/updates/posts/containing-superpollutants-with-carbon-markets-a-revi
https://carboncontainmentlab.org/updates/posts/containing-superpollutants-with-carbon-markets-a-revi
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://zenodo.org/records/4741285
https://www.globalmethanepledge.org/
https://www.downtoearth.org.in/climate-change/addressing-n2o-emissions-key-to-meeting-15c-target-pro
https://www.downtoearth.org.in/climate-change/addressing-n2o-emissions-key-to-meeting-15c-target-pro
https://wedocs.unep.org/20.500.11822/46562
https://ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20(Feb%2016%202016)
https://ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20(Feb%2016%202016)

Recent Trends in Observed Abundances and Current Policies.” Atmospheric Chemistry and Physics 22 (9): 6087-6101.
https://doi.org/10.5194/acp-22-6087-2022

17 O’Rourke, P. Smith, S, Mott, A, Ahsan, H, McDuffie, E, Crippa, M, Klimont, D, et al. “CEDS V_2021_04_21 Release

Emission Data.” Zenodo, April 6, 2021. https://doi.org/10.5281/zenod0.4741285.

18 “Black Carbon | Climate & Clean Air Coalition.” n.d. Climate and Clean Air Coalition. https://www.ccacoalition.
org/short-lived-climate-pollutants/black-carbon.

19 “Atmospheric Black Carbon Concentrations.” 2023. Office of Environmental Health Hazard Assessment. State
of California. August 23, 2023. https://oehha.ca.gov/climate-change/epic-2022/climate-change-drivers/atmospheric-

black-carbon-concentrations.

20 Scientific and Technical Advisory Panel. 2015. Black carbon mitigation and the role of the Global Environment
Facility: A STAP advisory document. Global Environment Facility. https://www.stapgef.org/resources/advisory-
documents/black-carbon-mitigation-and-role-global-environment-facility

21 “Voluntary Registry Offsets Database.” 2025. Berkeley Carbon Trading Project. Goldman School of Public Policy

| University of California, Berkeley. https://gspp.berkeley.edu/berkeley-carbon-trading-project/offsets-database.

22 “Carbon Sources.” n.d. Carbon Containment Lab. https://carboncontainmentlab.org/carbon-sources.
23 “Quality and pricing indicators that track carbon market impact.” 2025. ClearBlue Markets. https://www.

clearbluemarkets.com/indices.

10


https://doi.org/10.5194/acp-22-6087-2022
https://doi.org/10.5281/zenodo.4741285
https://www.ccacoalition.org/short-lived-climate-pollutants/black-carbon
https://www.ccacoalition.org/short-lived-climate-pollutants/black-carbon
https://oehha.ca.gov/climate-change/epic-2022/climate-change-drivers/atmospheric-black-carbon-concen
https://oehha.ca.gov/climate-change/epic-2022/climate-change-drivers/atmospheric-black-carbon-concen
https://www.stapgef.org/resources/advisory-documents/black-carbon-mitigation-and-role-global-environ
https://www.stapgef.org/resources/advisory-documents/black-carbon-mitigation-and-role-global-environ
https://gspp.berkeley.edu/berkeley-carbon-trading-project/offsets-database
https://carboncontainmentlab.org/carbon-sources
https://www.clearbluemarkets.com/indices
https://www.clearbluemarkets.com/indices

