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Executive Summary

Superpollutants—methane, fluorinated gases
(F-gases), nitrous oxide, tropospheric ozone, and
black carbon—are responsible for roughly half of
today’s gross warming,! and cutting them is the fastest
and lowest-cost way to slow warming this coming

decade.

Superpollutant mitigation is no longer optional,
but necessary. The IPCC’s 2°C scenario assumes
global superpollutant emissions fall by nearly 50
percent by 2050, representing about 142 Gt CO,e in
cumulative avoided emissions, yet current trajectories
keep these emissions essentially flat. That gap—
between what targets call for and what is actually
happening—is the opportunity. Closing it is the focus
of this roadmap.

Corporations are positioned to close this gap as
few other actors can. They are the largest source of
catalytic private climate finance, hold procurement
leverage over the supply chains where many of these
emissions concentrate, and can make superpollutant
action a market expectation rather than an exception
or a coming policy driver.

t-' ?}'? ,?’ J‘ f .0
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- Executive Summary

Superpollutant action can help stabilize the

climate and avoid tipping points. Superpollutants

are on par with carbon dioxide in that both are
responsible for a nearly equal share of the warming
reduction required to hold the planet below 2°C.
Figure E1 presents projected global temperature
outcomes through 2100 under the IPCC’s 2°C
scenario. It compares the contribution of CO,
mitigation alone versus combined CO, and
superpollutant mitigation. Of the 0.9°C of warming
separating the 2°C scenario from the business-as-
usual case (reference case), approximately halfis
attributable to CO, reductions, with the remaining
half attributable to superpollutant reductions.

Cutting superpollutant emissions delivers rapid,
near-term relief because most are short-lived in the

atmosphere. A single ton of methane abated today has

largely left the climate system within two decades—
making it a uniquely fast acting lever.

Superpollutant action is a kickstart, not a
substitute. Superpollutant action is an important
complement to CO, action that is essential for
limiting the extent of warming. Burning fossil fuel
emits reflective sulfate particles that act to cool

the planet. The reduction in reflective particles
resulting from lower fossil fuel use, an effect known
as “unmasking,” is the reason the “CO, only” curve
in Figure E1 stays above the dark blue dashed line
until 2060. Pairing superpollutant mitigation
with decarbonization dampens this effect because
most measures reduce warming without removing
aerosol cooling.

This pairing creates an important sequencing
opportunity. Rapid superpollutant abatement,
achievable in low-cost, quick-turnaround
interventions like leak repair and refrigerant
management, will extend the scaling time needed
for slower, capital-intensive CO, reductions in heavy
industry and infrastructure.

FIGURE E1: PROJECTED TEMPERATURE CHANGES THROUGH 2100 RESULTING FROM REFERENCE SCENARIO,
2 DEGREES C SCENARIO WITH MITIGATION OF CO,-ONLY, AND 2 DEGREES C SCENARIO WITH MITIGATION OF

BOTH CO, AND SUPERPOLLUTANTS
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- Executive Summary

Companies can—and must—be an important part
of addressing these potent warmers worldwide.
Companies with substantial superpollutant footprints
must take responsibility and reduce them as quickly
as possible. But even companies without large
amounts of superpollutants in their value chains have
opportunities to finance superpollutant elimination
projects worldwide through the voluntary carbon
market, investing in new facilities, R&D, and sharing
best practices. It is vital that all companies take
decisive action given the slow pace of government
action and the prospect of reaching critical tipping
points soon.

Companies are aware of these gases, yet few
have committed to reducing them. A decade

of corporate climate action has produced more

than 10,000 science-based targets, 1,900 net-

zero commitments—and very few superpollutant
strategies. A review of 40 large companies in
exposed sectors revealed a large majority mention
superpollutants by name in their sustainability
reporting, but just a small percentage follow through
by setting targets. The story is similar across the
corporate sector—a nearly exclusive focus on CO, in
most net zero portfolios has resulted in insufficient
support and attention to superpollutant mitigation
projects.

The accounting conventions that allowed this
gap are closing. Superpollutants sit almost entirely
in Scope 1—fugitive methane, refrigerant leakage,
industrial F-gases, and nitrous oxide from chemical
production—and Scope 3—agricultural, supplier, and
waste emissions. This distinction is relevant because
mitigation measures have stalled in Scopes 1 and 3,
precisely where superpollutants tend to concentrate.
Meanwhile, the latest Science Based Targets initiative
(SBT1i) Corporate Net-Zero Standard requires near-
term Scope 1 targets to cover 100 percent of Scope 1
emissions, with no materiality carve-out and no more
combining it with Scope 2. By early 2028, every large
company with fugitive methane, refrigerant leakage,

or industrial F-gas emissions will hold a stand-alone,
fully covered Scope 1 target. The only question is how
fast companies can move on superpollutants before
that deadline arrives.

Superpollutant abatement is unusually cheap
and remarkably reachable. A significant share of
superpollutant abatement carries negative or low net
cost, because the abated substance has commercial
value or the intervention is a maintenance practice
rather than a capital project.? For example, about 39
percent of oil and gas methane abatement pays for
itself outright and nearly all of the remainder is cost-
effective below $20 per metric ton of CO,e.? It is even
cheaper per ton if you calculate it using GWP-20.
Superpollutant emissions also tend to concentrate in
identifiable point sources and equipment classes, such
as wells and compressor stations, refrigeration and
cooling systems, landfills, and nitric and adipic acid
plants, rather than diffusing across every combustion
process in an economy like for CO,. Sources that
cannot be reached from inside a company’s value chain
can be reached via voluntary carbon markets where
prices are also low relative to other project types and
can still be high quality.

Companies should act
decisively, treating
superpollutants not as a

footnote to their climate

strategy but as its fastest-
moving front.

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- Executive Summary

Companies can pursue numerous opportunities
and many proven pathways to make a difference.
As part of this research, the Carbon Containment
Lab cataloged 204 mitigation measures—and the
list is growing. Many actions mitigate more than one
superpollutant and some also abate CO,. 60 percent
of these measures are mature and ready to scale up,
some at a cost of less than $1 per ton or even provide
net savings. Others requiring more investment are

a natural fit for voluntary carbon markets meeting
financial additionality requirements. Not every
mitigation measure is equally ready; some require
work on standards, methodologies or measurement.
The most immediate and scalable opportunities lie
where the sources are concentrated, the technology is
proven, the cost is low, and additional finance can help
scale up operations in the next five years.

FIGURE E2: 204 IDENTIFIED SUPERPOLLUTANT MITIGATION MEASURES BY PRIMARY GAS MITIGATED AND MEASURE
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- Executive Summary

Companies are finding ways to finance a range of
mitigation measures—mechanisms include the

use of market-based instruments such as insetting,
environmental attribute certificates, or carbon
credits. Companies are also claiming the emission
reductions against their target or as part of a broader
contribution or compensation claim.

Table E1 highlights a few select mitigation measures
that are uniquely suited for near-term corporate
action with high scalability potential.

In addition, superpollutant co-benefits are already
found in decarbonization strategies familiar to
companies. Sustainable aviation fuel, greener cement
and concrete, and transitioning fleets to battery
electric vehicles all have notable superpollutant
co-benefits, such as reducing black carbon, nitrous
oxide, and tropospheric ozone precursors like volatile
organic compounds (VOCs).

TABLE E1: PRIORITY SUPERPOLLUTANT PROJECTTYPES AND THE MECHANISMS TO SUPPORTTHEM

Project Type

Superpollutants
Mitigated

Mechanism

Status

Biomethane from
Manure Lagoons/
Anaerobic Digesters

Methane, Nitrous
Oxide

Renewable Natural Gas (RNG)
certificates; Spot or Forward
purchase of carbon credits

Ready for expansion

Landfill Gas Capture
& Destruction

Methane

Spot or Forward purchase of carbon
credits

Ready for expansion

Lifecycle Refrigerant
Management

F-Gases (various)

Spot or Forward purchase of
reclaimed gas; and/or carbon credits
supporting leak detection & repair or
destruction.

Ready for expansion

Rice Methane

Spot or Forward purchase of carbon

Gain more MRV experience with

Mitigation Methane credits/Environmental Attribute deplovments
¢ Certificate (EAC) S
Plugging Orphaned Methane Spot or Forward purchase of carbon  Resolve key measurement and

Oil & Gas Wells

credits

methodology issues

Industrial N,O

Nitrous Oxide

Spot or Forward purchase of carbon
credits

Resolve key methodology additionality
issues
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- Executive Summary

Three levers, one strategy. This roadmap organizes
corporate action into three reinforcing levers:

—> Lever 1: Value Chain Intervention. Reducing
superpollutant emissions within a company’s
own operations and value chain.

—> Lever 2: Voluntary Carbon Markets. Financing
verified superpollutant mitigation beyond
the value chain through high-integrity carbon
credits.

—> Lever 3: Policy Engagement. Supporting the
policies and regulatory frameworks that make
value chain and market action durable and
widespread.

The three form one integrated strategy and reinforce
the broader climate commitments companies have
already made.

Early movers show action is a matter of choice,
not capability. They help write the standards and
lock in the lowest-cost abatement; those who wait
inherit rules written by others and pay more to meet
them. In every sector we reviewed, a small group

of companies has taken serious action. Danone has
committed to cut methane from its fresh-milk supply
chain by 30 percent by 2030.# ALDI is converting its

U.S. store network to natural refrigerants.’ Apple has
secured commitments from semiconductor suppliers
to abate at least 90 percent of F-gas emissions by
2030.¢ Workday has signed a four-year offtake
agreement to plug orphaned oil and gas wells.” In
March 2026, seven companies with the Beyond
Alliance—Amazon, Autodesk, Figma, Google,
JPMorgan Chase, Salesforce, and Workday—launched
the Superpollutant Action Initiative, committing
$100 million through 2030 to projects that would
not otherwise be financed.® More announcements are
made every day, and the category is growing quickly.

The window is now. Actions to mitigate
superpollutants are a powerful confluence of urgent,
immediately available, cost-effective, and fast-acting.
The technologies, methods, and markets exist today;
what they need is capital and corporate demand at
scale. Superpollutant Roadmap for Corporate Action
highlights existing abatement opportunities, their
cost, and how companies can pursue them through
each of the three levers.

The Carbon Containment Lab invites companies
to act decisively and treat superpollutants not as a
footnote to their climate strategy but as its fastest-
moving front.

10
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Foreword

Around the world, 2026 has brought record-
breaking temperatures and an unrelenting run of
extreme weather. North America, Africa, and Asia
each recorded their warmest July on record in 2026,
while Western Europe endured its hottest June—July
period ever measured, fueling major wildfires across
the Mediterranean. In August, a Himalayan glacier
collapse in Nepal sent a wall of ice, rock, and debris
across the Nepal—China border, upending lives and
destroying infrastructure across local communities.

Climate change is no longer knocking on our
doorstep. It is here.

Addressing superpollutants such as methane, HFCs,
nitrous oxide, and black carbon offers the single
greatest opportunity to bend the curve of warming
in the near term. Reducing these emissions can slow
the rate of warming immediately, while delivering
substantial benefits for people, economies, and the
environment.

Companies are beginning to take notice. Through the
Superpollutant Action Initiative, leading companies
have committed to mobilizing $100 million by

2030 to accelerate action on superpollutants. This
commitment is a significant first step, and we hope
many more companies will join them.

But ambition needs a clear path to action. Companies
have told us they want to understand where

their efforts can have the greatest impact, what
interventions are available, and how ambition can
translate into reductions that actually move the
curve. They also need a solid scientific foundation for
making those decisions.

That is why we partnered with the Carbon
Containment Lab to develop this roadmap. Drawing
on a roster of world-renowned experts, this report
synthesizes the latest science and identifies the key
levers available to companies to drive action on
superpollutants.

The takeaway is clear: companies cannot credibly
address climate change without addressing
superpollutants. Action on methane, HFCs, and
other superpollutants can deliver roughly half of the
mitigation needed by mid-century to limit warming
to 2°C. No amount of progress on carbon dioxide
alone will change what the next two decades look
like; superpollutants are the only lever that acts fast
enough. Because these pollutants have such a powerful
near-term impact on warming, action taken today
will make a meaningful difference in the trajectory of
climate change.

As this report details, the opportunity is enormous,
the tools to act are largely within reach today, and the
solutions are cost-effective.

We hope this roadmap helps companies move from
understanding the challenge to taking action, and that
the $100 million commitment of the Superpollutant
Action Initiative is only the beginning.

Luke Pritchard
Director, Beyond Alliance

1"
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Introduction

Superpollutants are responsible for roughly half

of today’s gross warming,’ yet they remain almost
entirely absent from corporate climate targets.
Closing the gap between climate science and corporate
practice is the fastest and most cost-effective way

for companies to slow warming this decade. To date,
companies have left this approach largely unused
while the window to act narrows, and climate and
clean air regulation tightens around it. This roadmap
seeks to address the gap through three levers that
companies can pull today:

—> Lever 1: Value Chain Intervention. Reducing
superpollutant emissions within a company’s
own operations and value chain.

%

Lever 2: Voluntary Carbon Markets. Financing
verified superpollutant mitigation beyond

the value chain through high-integrity carbon
credits.

Lever 3: Policy Engagement. Supporting the
policies and regulatory frameworks that make
value-chain and market action durable and
widespread.

The three form one complete strategy and reinforce
the broader climate commitments companies have
already made.

The urgency is tangible. Superpollutants trap far
more heat than carbon dioxide, but many of them
leave the atmosphere within years or decades rather

than centuries. As a result, reducing superpollutants
can slow warming within this decade, a timescale no
amount of carbon dioxide reduction and removal
can match. Superpollutant action complements
decarbonization rather than competing with it and

it pays a second dividend in cleaner air, healthier
ecosystems, and stronger economic resilience. The
Carbon Containment Lab’s modeling, presented in
this roadmap, finds that meeting a 2°C temperature
goal relies on superpollutant mitigation at large scale
and soon. Indeed, the 2°C goal assumed by the Paris
Climate Accord and standards like SBTi already
assume that approximately half of the warming will
be prevented by superpollutants. But action has yet to
truly ramp up to meet this ambition.

Corporations are positioned to close this gap as

few other actors can. They are the largest source of
catalytic private climate finance, hold procurement
leverage over the supply chains where these emissions
concentrate, and can make superpollutant action a
market expectation rather than an exception. Early
movers help write the standards and lock in the
lowest-cost abatement. Those who wait inherit rules
written by others and pay more to meet them.

This roadmap focuses on the “how.” It catalogs

the numerous available and emerging mitigation
measures, prioritizes solutions that are deployment-
ready and can scale within five years, and discusses
what is not yet ready but which has great potential.

12
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- Introduction

How to use this roadmap. The chapters build

in sequence but stand alone. Readers who need

the case for internal use will find it in What Are
Superpollutants?, The State of Corporate Superpollutant
Action, and The Climate Case for Superpollutant Action.
Readers ready to act can go directly to the lever most
suited to their exposure: Value Chain Intervention for
companies whose superpollutant sources sit inside
their own operations and supply chains, Voluntary
Carbon Markets for those seeking to finance mitigation
at scale beyond their footprint, and Policy Engagement
for those positioned to shape the rules that govern
both. Each lever chapter closes with a checklist of
priority actions for the next 12 to 24 months and
through 2030.

The nonprofit Carbon Containment Lab developed
this roadmap drawing on review from a wide range of
high-profile experts, and with sponsorship from the
Beyond Alliance. It grounds its recommendations

in current science and real corporate practice. Over
time, the Carbon Containment Lab will expand this
work with additional project examples, emerging best
practices, and quantified impact data. Find the latest
at www.superpollutantroadmap.org

With immediate and decisive corporate action,
significant reductions are within reach by 2030.
Superpollutant mitigation actions are among the
fastest available to drive a critical transition and slow
the rate of climate change.

13
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- What Are Superpollutants?

Superpollutants are a group of potent climate
pollutants—including methane, nitrous oxide,
ozone-depleting substances and fluorinated gases
(F-gases), black carbon, and tropospheric ozone—
that have a disproportionately large impact on near-
term warming.

These five pollutant groups are considered “super”
because they trap far more energy per molecule in
the atmosphere than carbon dioxide does.” In other
words, superpollutants have high radiative efficiencies.
As aresult, small quantities of superpollutant
emissions do disproportionate damage. While
superpollutants make up only a few percent of
annual anthropogenic emissions by mass, they are
responsible for approximately half of the warming
observed to date.”

Global warming potential (GWDP) is the metric
conventionally used to compare these pollutants to
carbon dioxide. It combines radiative efficiency with
atmospheric lifetime to express warming integrated
over a chosen period, which is why the same gas
carries different values on different timescales (see
box “What is the Global Warming Potential (GWDP)
and Why Does it Matter for Superpollutants?”

and Appendix A).!! For example, methane is
approximately 80 times as potent as carbon dioxide
over 20 years and roughly 28 times over 100 years.
Meanwhile, some F-gases exceed carbon dioxide by
tens of thousands of times on both.

Many (though not all) superpollutants are short-lived
in the atmosphere. This, combined with their high
potency, means that cutting superpollutant emissions
now can deliver immediate, measurable temperature
benefits within years to decades.

* Black carbon is the exception to this description. It is a particle rather than
a gas, and it warms mainly by absorbing incoming solar radiation and by
darkening snow and ice, rather than by absorbing outgoing infrared radiation.

15 SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- What Are Superpollutants?

A second dynamic compounds the urgency. Fossil
fuel combustion often emits sulfur dioxide alongside
carbon dioxide, and the resulting sulfate aerosols cool
the climate.!? This cooling has offset a substantial
share of the warming that accumulated greenhouse
gases would otherwise have produced. Historically,
air quality regulation has resulted in large sulfate
reductions across North America, Europe, and
increasingly China. Going forward, the transition
away from burning sulfur-containing fossil fuels

will further reduce the amount of sulfate aerosol
cooling. As a result of the declining sulfate cooling,
we will see more of the warming due to the build-

up of greenhouse gases in the atmosphere that had
been masked.? Superpollutant mitigation is the
main lever available to counteract this unmasked
warming because most superpollutant measures
reduce warming without removing aerosol cooling
alongside.’

While mechanisms exist for companies seeking

to act on all five superpollutant groupings, most
market-based action to date has concentrated on
methane, industrial nitrous oxide, and ozone-
depleting substances, where measurement and
verification science is most settled and where policy
and regulation have yet to fully cover those emissions.
Market-based actions for credible F-gas abatement
are rapidly emerging, while agricultural nitrous

oxide abatement pathways are at an earlier stage of
development, and benefit from oftentimes addressing
methane and black carbon at the same time. Black
carbon and tropospheric ozone precursor gases (such
as carbon monoxide and volatile organic compounds)
are being addressed more selectively by both markets
and policy, as later chapters detail.

1 Black carbon is the main exception: measures targeting it typically also reduce co-emitted organic carbon and sulfate, which cool, so the net forcing reduction is often
smaller than the black carbon figure alone implies. Agricultural nitrous oxide measures may similarly reduce ammonia and associated nitrate aerosol, though this

effect is small relative to sulfate.

TABLE 1: GLOBALWARMING POTENTIALS OF COMMON SUPERPOLLUTANTS

GHG or Class of GHG Radiative Forcing (W/m?2) Types/Examples GWP-20 GWP-100
Carbon Dioxide (CO,) 2.3330 1 1
Methane (CH,) 0.5670 Fossil 82.5 29.8
Non-fossil 79.7 270
Nitrous Oxide (N,O) 0.2260 273 273
Chlorofluorocarbons (CFCs) 0.2980 CFC-12 12700 12500
Hydrochlorofluorocarbons (HCFCs) 0.0600 HCFC-22 5690 1960
HCFC-141b 2710 860
HCFC-142b 5510 2300
Hydrofluorocarbons (HFCs) 0.0480 HFC-32 2690 771
HFC-134a 4140 1530
Hydrofluoroolefins (HFOs) Negligible HFO-1234yf 1.81 0.50
Perfluorocarbons (PFCs) In ARG halog. total*® PFC-14 5300 7380
PFC-116 8940 12400
Sulfur Hexafluoride (SFe) ~0.007 18200 24300
Nitrogen Trifluoride (NFs) Negligible 13400 17400
Black Carbon (BC) 0.3000 n/a n/a
Tropospheric Ozone (TO) 0.4000 n/a n/a

* PFCs fall within the IPCC ARG aggregate for all halogenated gases (0.41 W/m2, 1750-2019); the PFC share is small.
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What is the Global

arming

Potential (GWP) and

it Matter for Superpollutants?

Superpollutants affect the climate in different ways
than carbon dioxide: they trap much more energy

per molecule than carbon dioxide when in the
atmosphere, but many superpollutants are naturally
removed from the atmosphere at much faster rates,
and are thus described as “short-lived climate
pollutants” (SLCPs). These magnified effects at
different timescales make it complicated to compare
superpollutants to carbon dioxide and to one another.

Global Warming Potential (GWP) is the metric
most commonly used to make this comparison. The
IPCC introduced the GWP concept in its 1990 First
Assessment Report, where its authors described

it as a simplified approach meant to illustrate the
difficulty of the underlying comparison rather than a
scientifically settled answer.!*

GWP is a ratio that expresses how much a given
mass of a superpollutant warms the climate over a
chosen number of years, relative to the same mass of
carbon dioxide. The time period convention used by
most policy and standards is 100 years. Multiplying

hy Does

an emission by its GWP produces a carbon dioxide
equivalent (CO,e), the common currency used to
aggregate emissions of different gases. The IPCC
updates these emissions factors based on the latest
science, and these metrics are widely used in nearly
all climate policy, accounting, reporting and target-
setting. Appendix A explains emission metrics in
more detail and provides a table with the different
factors over 20-year and 100-year timescales.

The metrics we use implicitly require a choice of
which timescale matters more—next decades or end
of century. The choice to use GWP-100 undervalues
the near-term climate impact of most superpollutants.
It also contributes to undervaluing the opportunity to
mitigate them at reasonable cost and with immediate
effect.

Alternative approaches are being developed but are
not yet well adopted. As such, GWPs are reported
throughout the roadmap in 100-year time spans,
denoted as (GWP-100), or if pertinent to the
discussion, over twenty years as (GWP-20).

17

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- What Are Superpollutants?

Methane

Following carbon dioxide, methane (CHa) is the
second-largest contributor to anthropogenic climate
change, responsible for approximately 30 percent of
gross warming since pre-industrial times.” Front-
loaded potency is its most important characteristic:
over 20 years, one ton of methane traps as much heat
as approximately 80 tons of carbon dioxide (GWP-
20) while it is 28 tons when integrated over a century
(GWP-100) as the gas naturally breaks down.

That short-lived but intense warming means that
reductions today produce discernible temperature
benefits within decades. Methane is also a key
precursor gas of tropospheric ozone, which is itself

a superpollutant with significant negative effects on
human health, agricultural yields, and ecosystems."
Therefore, reductions in methane emissions have the
added benefit of reducing ozone-related harms.!®

More than 60 percent of annual methane emissions
today come from human (anthropogenic) activities,
with roughly 95 percent of those concentrated

in three sectors.? Agriculture is the largest source

of anthropogenic methane, at approximately 40
percent, generated largely by livestock, manure, and
rice cultivation.?® Fossil fuel operations (extraction,
processing, and transport) contribute about 35
percent through fugitive leaks, venting, and flaring.**
Waste systems, primarily landfills and wastewater
treatment, add around 20 percent through

organic matter decomposition in oxygen-limited
environments.? A smaller but still meaningful

share of total emissions comes from land use and land
management practices, such as creating reservoirs,
draining peatlands, and altering wildfire patterns.

The remaining roughly 40 percent of total global
methane flux comes from natural sources, principally
wetlands, permafrost thaw, and freshwater systems.
In fact, wetland emissions are themselves sensitive
to warming, meaning that continued climate change

could increase natural methane output further,
compounding the anthropogenic signal rather than
remaining a fixed background contribution.?* These
natural sources are typically among the most difficult
emission flows to quantify and mitigate. Atmospheric
methane removal technologies that could address
these sources are an emerging field of research.”

FIGURE 1: SOURCES OF GLOBAL METHANE

PROPORTION OF EMISSIONS
— 100%

Agriculture
(livestock, manure, rice cultivation)

Fossil fuel
21% (operations, extraction,
processing, transport)

Waste systems
(landfills, wastewater treatment)

Other anthropogenic

40% Natural sources

SOURCE: Carbon Containment Lab analysis of United Nations Environment
Programme and Climate and Clean Air Coalition (2021). Global Methane
Assessment: Benefits and Costs of Mitigating Methane Emissions. Nairobi:
United Nations Environment Programme.
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Significant methane
reductions are already
baked into most climate
models yet investments
remain minimal.

The IPCC goal of limiting end-of-century

peak warming to 2°C (modeled as the Shared
Socioeconomic Pathway: Sustainability (SSP1-2.6)),
assumes a 46 percent reduction in methane emissions
by 2050. The technical means to achieve these

goals are largely available and cost-effective today.?
Since most anthropogenic methane emissions are
concentrated in specific sectors, mitigation strategies
can be highly targeted and actionable. We identified
60 different methane mitigation measures, most

of which are already tested, and many of which can
rapidly scale up (detailed in Appendix B). Within

the fossil fuel industry, for example, standard
interventions such as systematic and regular leak
detection, the elimination of routine venting and
flaring, and the replacement of high-bleed pneumatic
equipment can abate emissions at near-zero net cost,?”
as the recovered natural gas retains its commercial
value.? In agriculture, dietary additives have
demonstrated substantial methane reductions of up to
80 percent in livestock trials, while improved manure
management systems capture and treat methane
before it escapes into the atmosphere.?’ Similarly, the
waste sector can prevent emissions through landfill
gas capture and utilization or the diversion of organic
waste from landfills.*

As methane is an important precursor gas for

the formation of tropospheric ozone, mitigating

it provides a combined benefit toward both
superpollutants and often generates multiple localized
benefits for health and safety as well.
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Nitrous Oxide

Nitrous oxide (N,O) is responsible for approximately
10 percent of net global warming since the start of
the Industrial Revolution. It has an atmospheric
lifetime of 109 to 120 years, which makes it longer
lived than most other superpollutants.’ Its GWP

of 273 holds constant across both 20- and 100-year
measurement horizons, a reflection of that stable,
persistent warming.® Nitrous oxide is also an ozone-
depleting substance. It reacts in the stratosphere

to form nitrogen oxides, which then catalyze the
destruction of the ozone layer. To date, nitrous oxide
is not controlled under the Montreal Protocol, the
treaty framework built specifically to address ozone-
depleting substances. This omission leaves its ozone
impact effectively unregulated even as its atmospheric
concentration continues to rise.*

Nitrous oxide is emitted from both anthropogenic
and natural sources. Roughly 40 percent of

total nitrous oxide emissions are anthropogenic,
equivalent to approximately 6 percent of annual
global greenhouse gas emissions.** The largest
source of anthropogenic nitrous oxide is agriculture,
where direct soil emissions from synthetic fertilizer
application, manure management, aquaculture, and
biomass burning contribute more than 70 percent
of net anthropogenic nitrous oxide emissions.*
Industrial processes and fossil fuels (a combined 16
percent) as well as waste and wastewater treatment
(about 5 percent) are the next-largest contributors
to net anthropogenic nitrous oxide emissions and are
typically point sources.*

Nitrous oxide is also a natural product of the nitrogen
cycle—its movement between the atmosphere,

plants, animals, soil, and water.”” Most natural nitrous
oxide emissions come from bacteria that break down
nitrogen in soils and oceans.*®

FIGURE 2: GLOBAL NITROUS OXIDE SOURCES

PROPORTION OF EMISSIONS
— 100%

Agriculture (synthetic fertilizer,
manure, aquaculture,
biomass burning)

Industrial processes & fossil fuels
Waste & wastewater treatment

6%

Other anthropogenic

60% Natural sources

SOURCE: Carbon Containment Lab analysis of United Nations Environment
Programme (2024) Global Nitrous Oxide Assessment
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The IPCC’s modeled target of limiting end-of-
century peak warming to 2°C (SSP1-2.6) assumes
a one-third reduction in nitrous oxide emissions

by 2050. Industrial and energy sectors hold some

of the most immediate, cost-effective abatement
opportunities available, particularly in industrial

gas production of nitric acid, adipic acid, and
caprolactam, where nitrous oxide is an unwanted
by-product (as described in Appendix F: Voluntary
Carbon Market Case Studies). Installing available
pollution control technologies at these facilities could
abate 116 million tons of carbon dioxide-equivalent
(CO,e) ayear by 2030. Two-thirds of this amount is
potentially achievable at $0.50 to $5 per ton CO,e. ¥
This combination of proven technology, low cost,
point source, and modest current uptake makes
industrial nitrous oxide abatement one of the clearest
near-term priorities among the available pathways.

The agricultural sector can also drastically cut nitrous
oxide emissions through targeted management. The
4R framework (right source, right rate, right time,
right place) pairs reduced nitrogen application rates
with enhanced efficiency fertilizers and has been
shown to cut total nitrous oxide emissions by more
than half without affecting yields.*® These reductions
can be achieved at low gross mitigation cost (as
fertilizer savings offset a substantial portion of the
implementation costs) while generating net savings
of roughly $85 per ton of CO,e when including
societal benefits.” Underlying practices are also well-
established. However, since nitrous oxide emissions
also arise from dispersed, highly variable field
conditions, soil type, precipitation, and fertilization
patterns, conducting baseline measurement and
verification is substantially harder than for industrial
point sources.*> Many of the nitrous oxide mitigation
measures also contribute to the reduction of
tropospheric ozone.
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Ozone-Depleting
Substances and
F-gases

Ozone-depleting substances (ODS) and fluorinated
gases (F-gases) are related classes of synthetic,
fluorine-containing compounds used primarily

in air conditioning, refrigeration, insulation,
electronics, and industrial manufacturing as well

as the production of commodity materials such

as aluminum. Both classes share an extraordinary
chemical stability and potent heat-trapping ability,
making them industrially valuable but climatically
hazardous.® The rest of this report refers to this
group of gases broadly as “F-gases.”

Chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) were developed
during the 20th century for use as refrigerants in air
conditioning and refrigeration, aerosol propellants,
and blowing agents in foam manufacturing. Due to
their chemical stability, they persist in the atmosphere
long enough to migrate to the stratosphere, where
they catalyze ozone destruction, thinning the ozone
layer.** They are also extraordinarily effective at
trapping heat: common CFCs carry a GWP-20 of
8,320 (CFC-11), 12,700 (CFC-12), and 6,860 (CFC-
113), respectively.** CFC production has been fully
phased out under the Montreal Protocol. Meanwhile,
HCFCs are in the final stages of phaseout, with
developed countries targeting full elimination

by 2030 and developing countries by 2040.*¢
Nonetheless, 3.8 million tons of ODS (about 6.8
billion tons of CO,e)* are estimated to be sitting

in old equipment and stockpiles and will reach the
atmosphere unless recovered and destroyed.

Hydrofluorocarbons (HFCs) were developed to
replace ozone-depleting substances. HFCs do not
deplete the ozone layer, but they remain extremely
potent greenhouse gases and today represent
approximately 90 percent of F-gas by volume and
emissions. There are hundreds of different HFCs and
HFC blends developed for different applications.
Common HFCs are highly potent and have a wide
range of atmospheric lifetimes (Appendix A). For
example, HFC-32 (prevalent in residential air-
conditioning systems) has a GWP-20 of 2,690,
HFC-134a (used in automotive air conditioning)

has a GWP-20 of 4,140 and HFC-143a (prevalent in
commercial refrigeration) has a GWP-20 of 7,840.*
The Kigali Amendment restricts the production of
high GWP HFCs. It is expected to limit projected
HFC-induced warming in 2100 by around 90 percent
compared to a no HFC policy case.*” However, as with
ODS, the bank of HFC emissions sitting in equipment
and stockpiles continues to grow rapidly and will
eventually be released into the atmosphere absent
intervention. Other macro factors related to growing
demand and economic development are expected to
cause the cooling sector to account for more than 10
percent of total global emissions in 2050.%°

ODS and F-gases share

an extraordinary chemical
stability and potent heat-
trapping ability, making
them industrially valuable
but climatically hazardous.
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Hydrofluoroolefins (HFOs) represent a newly
developed subclass of HFCs that break down in the
atmosphere within days, resulting in ultra-low GWP.*
For example, the widely adopted HFO-1234yf (used
in automotive air conditioning) carries a GWP-20 of
1.81, and HFO-1234z¢(E) (used as a foam blowing
agent and aerosol propellant) has a GWP-20 of 4.94.%
HFOs do not deplete the ozone layer, though they
typically exhibit mild flammability, requiring safety
features in system design.”® Also, HFOs belong to the
broader class of per- and polyfluoroalkyl substances
(PFAS), and their atmospheric degradation

produces trifluoroacetic acid (TFA), a persistent
environmental contaminant that accumulates in
water systems and soils.’* The growing evidence of

its impact on the environment and human health has
prompted scientific and regulatory scrutiny, including
restrictions under the emerging European Union’s
PFAS rules.

Perfluorocarbons (PFCs) are fully fluorinated
compounds with extraordinary atmospheric
longevity, making their cumulative warming impact
disproportionate to their emission volume.*® The
main sources are from primary aluminum and
semiconductors production.”” PFCs carry high 20-
year and 100-year GWPs. For example, CF, (PFC-14)

has a GWP-20 of 5,300 and a GWP-100 of 7,380.
Abatement efforts in the aluminum industry have
sharply reduced PFC emission intensity since the
1990s. However, total global PFC emissions have
continued to grow in recent years, primarily due to
rising aluminum production in China.*

Sulfur hexafluoride (SFs) is the most potent
greenhouse gas currently known, carrying a GWP-
20 0f 18,200, a GWP-100 of 24,300, and an
atmospheric lifetime of up to 3,200 years.® It is

used primarily as an electrical insulator in high-
voltage switchgear and transmission equipment as
well as in magnesium foundries and semiconductor
manufacturing. Gases can escape through aging seals,
small pipeline leaks, routine maintenance, refilling
processes, or catastrophic equipment failure.®
Global SF¢ use has been rising as power grids expand
to support both economic growth and renewable
energy deployment, particularly in emerging
economies, where new wind and solar installations
require substantial new high-voltage switchgear.®
SF, represents a small share of total F-gas emissions
by volume, but its extreme potency means that
mitigation efforts such as promoting substitutes or

stopping leaks should be a priority.
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Lifecycle refrigerant management
is estimated to potentially avoid an

additional 39 billion tons of CO,e

from 2025 to 2050.

Nitrogen trifluoride (NF;) is another highly potent
gas which is used in the semiconductor industry as

a plasma etchant and chamber cleaning agent, with

a GWP-20 0f 13,400 and a GWP-100 of 17,400.5

Its atmospheric lifetime is approximately 569 years
and it has been mandated for inclusion in national
greenhouse gas inventories under the UNFCCC since
2013.5 NF; represents the smallest of the F-gas classes
by total emissions volume, but its use has grown
alongside the expansion of global semiconductor
manufacturing capacity.®®

Unlike methane and nitrous oxide, ozone-depleting
substances and F-gases are entirely synthetic, meaning
every molecule in the atmosphere originates from
human production rather than natural background
sources. This quality gives policymakers and
companies a more direct lever over both ends of the
life cycle. In other words, production can be capped
or banned outright, controls implemented to stop
leaks and fugitive emissions, and existing banks can
be actively recovered and recycled or destroyed.
Reflecting this greater degree of control, SSP1-2.6,
the IPCC scenario consistent with limiting end-of-
century warming to below 2°C, assumes a more than
87 percent reduction in F-gas emissions by 2050.

The main mitigation measures for ODS and F-gases
fall into three interconnected areas: reducing cooling
demand, transitioning to low- or zero-GWDP gases
and equipment, and managing the gases across

their full life cycle.®® All of these complement the
production phase downs in place under international
policy. Passive measures, such as better insulation and
shading, optimized temperature settings, and better
system controls, can reduce the amount of cooling
and therefore volume of gases required in the first
place. Transitioning technologies from high-GWP
refrigerants and equipment to low- and zero-GWP
alternatives while maintaining energy efficiency

can prevent both direct and indirect energy-related
emissions. Lifecycle refrigerant management (LRM)
is essential for addressing the large quantity of ODS
and F-gases already in equipment and stockpiles.
Leak prevention and good servicing practices can
reduce emissions during operation.” Recovery,
recycling, and reclamation reduce demand for virgin
refrigerant while equipment still has a useful life,

and environmentally sound destruction can remove
high GWP and ODS gases from circulation to ensure
they are never released into the atmosphere. LRM

is estimated to potentially avoid an additional 39
billion tons of CO,e from 2025 to 2050 beyond
Kigali, making it a major untapped F-gas mitigation
opportunity.®®
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Tropospheric
Ozone

Tropospheric or “ground level” ozone is a secondary
or “indirect” pollutant—it forms in the lower
atmosphere through a series of chemical reactions
involving precursor gases: methane (CH,), nitrogen
oxides (NOx), non-methane volatile organic
compounds (NMVOCs), and carbon monoxide (CO).
Molecular hydrogen (H,) also plays a smaller, indirect
role through its effects on atmospheric hydroxyl
radical (OH) chemistry.®” Tropospheric ozone’s
location distinguishes it from stratospheric ozone, the
protective layer in the upper atmosphere that absorbs
ultraviolet radiation. The two are chemically identical
but functionally opposite—that is, protective at
altitude, harmful at ground level. Alongside carbon
dioxide and methane, tropospheric ozone is among
the largest contributors to anthropogenic warming.”

Precursor emissions for tropospheric ozone span the
global economy. Nitrogen oxide emissions come from
both fossil fuel combustion (coal combustion, vehicle
exhaust) and non-fossil sources (biomass burning,
microbial nitrogen cycling in soils and animal waste).”
Industrial solvents and chemical manufacturing
contribute significantly to NMVOCs, particularly

in East Asia and Europe.”? Agricultural burning is

a major source of NMVOCs and carbon monoxide
across sub-Saharan Africa and Brazil.”®» While

these non-methane precursors are vital to address,
methane holds a distinct role: because its decadal
atmospheric lifetime allows it to mix globally before
breaking down, it generates a persistent background
level of tropospheric ozone worldwide, rather than
the regional, short-lived ozone spikes associated
with some of the other precursor gases. This global
reach is why methane mitigation is highlighted as

a standout option for reducing surface ozone levels
broadly, complementing the need to address regional
precursor emissions.”

Protective at altitude

and harmful at ground
level, ozone needs careful
management to protect both
climate and health.

The effects of tropospheric ozone on human
populations and ecosystems extend well beyond the
climate. By 2030, ozone-induced crop yield losses
are projected to be 5 to 26 percent for wheat and

4 to 9 percent for maize under business-as-usual
scenarios.” Further, prolonged tropospheric ozone
exposure is associated with approximately 1.4 million
deaths a year globally, an all-cause mortality estimate
substantially higher than prior figures based on
respiratory disease alone.”® Short-term exposure

is separately associated with an estimated 177,000
deaths a year.””

Under the 2°C scenario, the IPCC assumes aggressive,
globally coordinated air quality policy, supported by
stricter pollution control legislation and expanded
access to clean cooking fuels, will substantially reduce
these precursor emissions. Action on precursor gases
can be achieved today; a list of these can be found in
Appendix B. Given the regional variation in many of
the precursor emissions and their impact, localized
analysis of mitigation measures is reccommended.
Mitigation measures include some that are already on
corporate sustainability agendas such as electrifying
vehicle fleets and using low-VOC materials and paints.
In addition, industrial and power-sector pollution
controls are available and already mandated in many
countries or states.
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Black Carbon

Black carbon, unlike the other pollutants in this
roadmap, is not a gas. Commonly known as soot,
black carbon is a fine, solid particulate produced by
the incomplete combustion of carbon-based fuels,
including biomass, coal, and diesel, among other
sources.

Black carbon is a major contributor to poor air quality
resulting in immediate and negative health impacts.
Prolonged exposure to black carbon is associated
with a 6.8 percent increased risk of cardiovascular
disease. And ambient particulate matter in the air less
than 2.5 microns (PM2.5), of which black carbon is a
disproportionately hazardous component, is linked
to an estimated 4.7 million premature deaths globally
each year.”s

Black carbon’s climate effect is variable, depending
on emission altitude, co-emitted pollutants, and
interactions with clouds and snow or ice surfaces.”
It has an atmospheric lifetime of only days to
weeks, the shortest of any major climate pollutant,
which means emissions reductions today produce a

measurable atmospheric response within days rather
than decades. However, the effects can be difficult

to measure against a baseline given variability in
conditions. See Appendix A for an explanation of
black carbon and GWP metrics.

A concentrated set of sources produce anthropogenic
black carbon emissions. Residential solid fuel combustion,
practiced by nearly one-third of the global population
for heating and cooking, contributes nearly half of
anthropogenic black carbon emissions®! and is also the
leading cause of household air pollution, responsible
for an estimated 3.7 million premature deaths
annually.®? Transportation is the next-largest source,
accounting for roughly one-quarter of anthropogenic
emissions, generated primarily by diesel combustion
in road vehicles and maritime shipping.®* When

black carbon is directly deposited at high latitudes,

it accelerates regional ice melt with consequences

for security and Arctic ecosystems. /ndustrial sources,
especially brick kilns and coke ovens in China and
South Asia, are also significant; these industries
together account for nearly 79 percent of China’s total
black carbon output.®* Unvented kerosene lamps and gas
flaring at oil and gas facilities are smaller but locally
significant sources.
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Effective black carbon interventions require a
nuanced, source-specific approach. Black carbon is
frequently co-emitted with organic carbon (with

the ratio varying by source) which tends to reflect
sunlight and cool the atmosphere rather than warm
it. Climate mitigation strategies should therefore be
focused on sources with the highest black-to-organic-
carbon ratio.

Despite its variable effect on climate, under the 2°C
scenario, the IPCC assumes black carbon emissions
are reduced by more than half by 2050. Global
modeling suggests that this is feasible, and specifically
that fully implementing available control measures
over a 20-year period could cut global black carbon
emissions by as much as 80 percent, with a substantial
share achievable at net cost savings.®

Promising mitigation measures include transforming
vehicles and shipping from diesel to electric and
using ultra-low sulfur fuels.®® Prioritizing retrofits on
Arctic and near-Arctic shipping routes may offer a
disproportionate climate return because of deposits
of soot settling directly onto snow and ice, reducing
reflectivity (albedo effect) and causing greater
localized warming impact.®’

In the residential sector, clean cookstove programs
can deliver net cost savings of approximately $6 per

ton of CO,e even before accounting for health benefits
and directly reducing the household air pollution
burden.®® Sources with the largest health burden,
regardless of their net warming effect, remain the
clearest public health priority.

These five superpollutants collectively have a

defining strategic property: they are responsible

for a disproportionate share of near-term warming
and the technology to abate them is available now,

in many cases at low or negative net cost. That
combination—outsized near-term climate impact
paired with mature, deployable solutions—is precisely
what makes superpollutants a distinct opportunity
for corporate climate strategy. This potential is
separate from, and complementary to, carbon

dioxide reductions. The scientific and technical case
established in this chapter is, on its own, not yet a
strategic one. It defines superpollutants and why their
physics matter; it does not yet articulate whether
companies are seizing that opportunity, why they
should, or how.

The following chapters take up each of those

questions in turn.
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Corporate climate action to date has focused
overwhelmingly on carbon dioxide. It has also
stalled in the two GHG Protocol Scopes where
superpollutants are most prevalent—Scope 1 and
Scope 3. A recent report shows that 58 percent of
S&P 500 companies with a stand-alone Scope 1
target report flat or rising Scope 1 emissions, and
62 percent report flat or rising Scope 3 emissions.*’
Simultaneously, economic conditions are forcing
greater capital discipline, and increasingly prescriptive
standards have created greater transparency into
results.

Superpollutants are the abatement class best matched
to those emergent conditions. For companies in the
sectors where superpollutants concentrate, acting

on them is becoming less an opportunity than a
condition of delivering the targets they have already
set. And for companies without as much direct
exposure, numerous opportunities exist to contribute
to climate stabilization at relatively low marginal
abatement costs and meaningful scale.
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Companies are
naming the gases
without setting
goals against them

A decade of corporate climate action has produced
more than 10,000 science-based targets and 1,900
net-zero commitments.” To date, few superpollutant-
specific strategies have emerged.

A Carbon Containment Lab review of public climate
disclosures from 40 large companies® in sectors with
superpollutant exposure—oil and gas, retail, food
and consumer products, technology and media, and
finance—found the great majority of companies
name these gases at least once in their sustainability
reporting, most commonly as a bundled component
of their emissions footprints. Eighty-eight percent of
the 40 companies name methane, 75 percent name
F-gases or refrigerants, and 63 percent name nitrous
oxide. But few set a goal against them. Only 13 of the
40 companies presented a quantified methane target,
six an F-gas target, and one a nitrous oxide target.

TABLE 2: SUPERPOLLUTANT DISCLOSURE CONVERTS INTO
TARGETS AT A DECLINING RATE

Gas Names the Holds a Conversion
gas target rate
35/40 13/40 0
Methane (88%) (33%) 37%
cht:’i:‘le 24/29 2/29 »
5 0 0, 0
and gas) (e )
30/40 6/40 o
F-gases (75%) (15%) 20%
. . 25/40 1/40 o
Nitrous oxide 63%) (3%) 4%

The conversion rate falls as the gas becomes harder
to detect and control: 37 percent for methane, 20
percent for F-gases, and 4 percent for nitrous oxide.
That ordering tracks the practical difficulty of each
case—concentrated and increasingly regulated point
sources, diffuse equipment leakage spread across
owned and leased estates, and dispersed agricultural
emissions sitting several tiers up a supply chain or
downstream in mixed waste facilities.

The methane targets also rest almost entirely on a
single sector and appear to respond to existing or
pending regulation. Eleven of the 13 methane targets
belong to the oil and gas companies in the scan,
where the EU Methane Regulation, the Oil and Gas
Decarbonization Charter, and Oil & Gas Methane
Partnership 2.0 (OGMP 2.0) have made methane
intensity targets close to a condition for operations.*?
Outside oil and gas, only two of 24 companies

that name methane set a target against it. Setting
superpollutant targets is therefore nearly absent
except where policy has already compelled it.

Interviews with corporate practitioners conducted for
this roadmap describe the same gap from the inside.
Sustainability teams understand that superpollutants
exist across their Scope 1, 2, and 3 footprints, and
many can identify the major sources. But they have yet
to lean into mitigating them.

They lack the elements that enable goal setting—
a credible methodology for how superpollutant
reductions count toward existing climate
commitments, and clarity on how to fold
superpollutant action into climate plans that took
years to negotiate internally.*®
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Where companies are embracing value chain intervention, voluntary carbon markets, and policy engagement
on carbon dioxide at scale, they are only beginning to do so on superpollutants.

%

Value Chain Intervention: Pilots rather than portfolios. In the sectors where superpollutants
concentrate—food and agriculture, refrigeration and cooling, energy, and waste—value-chain
interventions are typically described in publicly available reports and press releases as pilots
rather than portfolio commitments. Consistent with standard reporting guidelines, most large
food companies express climate goals in aggregate carbon dioxide-equivalents and treat methane
and nitrous oxide interventions as discrete projects rather than managed programs. Refrigerant
transition planning exists, but adoption trails ambition. Across the largest U.S. supermarket
chains, only three of 16 received passing scores on Environmental Investigation Agency’s (EIA)
2024 Climate-Friendly Supermarkets Scorecard. The sector average for annual HFC leak rate sits
at roughly 25 percent, exceeding the level that EPA’s voluntary GreenChill program treats as best
practice by fivefold—yet just five of the 16 companies even disclose their leak rate.”*

Voluntary Carbon Markets: Capital is not reaching superpollutants at scale. Superpollutant
credits remain a small share of issuance and retirement, and the methodologies and supply
pipeline needed to change that pattern are only now being built at scale. The most frequently

cited pressure on corporate climate targets is financial rather than technical. Fifty-five percent

of executives polled by The Conference Board identified capital allocation, cost, or return

on investment as a factor likely to prompt significant adjustment or delay, ahead of evolving
regulatory requirements (45 percent) and technology readiness (37 percent).”

Policy Engagement: Advocacy trails corporate ambition. Oftentimes, companies hold
publicly supportive climate positions while powerful trade associations engage in regressive
advocacy. S&P Global’s Corporate Sustainability Assessment, which evaluated disclosures from
12,813 public companies across 62 industries in 2024, finds that 82 percent of companies have not
aligned their lobbying and trade association activities with the Paris Agreement and just 2 percent
have a process to address misalignments between their position and the climate change policies of
trade associations.”® This impact compounds when 65 percent of U.S.-based industry associations
“are engaging highly negatively on climate policy,” as found by InfluenceMap’s analysis.”” For
example, lobbying against the EU Methane Regulation came predominantly from industry
associations seeking to delay implementation, dilute leak-detection standards, and weaken
coverage for imported gas.”® When the regulation was at risk, it was a coalition of 44 institutional
investors representing more than €4.85 trillion in assets that wrote publicly to defend it.”
Another constructive exception is F-gases, where manufacturers and refrigerant producers
supported the Kigali Amendment and the U.S. AIM Act because a predictable global phase-down
levels the playing field and protects against high-GWP imports.!*

Narrowing the gap between internal ambition and external voice is, on its own, one of the largest
potential opportunities. It costs little, if anything, for companies and can shift entire markets
rather than individual project portfolios.
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The gap persists
for reasons specific
to superpollutants

SBTi’s Corporate Net-Zero Standard required
companies to include methane, nitrous oxide, and
F-gases inside their carbon dioxide equivalent
targets, but it did not mandate separate targets for
any individual gas.!®* The GHG Protocol’s corporate
standard did not require Scope 3 disclosure and did
not provide standardized, mandatory treatment

of facilitated emissions.!*> The major net-zero
frameworks, therefore, have created uncertainty
about how superpollutants fit into strategy by
bundling them within “aggregate GHG” rather than
as a distinct category necessitating separate action.
Further, they offered little specific guidance on how to
set targets, measure progress, or close data gaps.

Until recently, companies could set a combined Scope
1and Scope 2 target under the SBTi, allowing cleaner
electricity procurement to carry flat operational
emissions. That matters because superpollutants sit
almost entirely outside Scope 2. Fugitive methane
from oil and gas systems, refrigerant leakage from
cooling and process equipment, fluorinated gas
emissions from semiconductor and electronics
manufacturing, and sulfur hexafluoride from
electrical transmission and distribution equipment are
all Scope 1 for many companies. Enteric and manure
methane, rice methane, industrial and fertilizer-
driven nitrous oxide, supplier F-gas emissions, and
waste methane are usually all Scope 3. The scope
where corporate reductions have been most readily
available, renewable electricity Scope 2, is also the one
scope in which these gases barely appear.

Measurement has also compounded the accounting
problem. A carbon dioxide inventory can be built
from purchase records, because combustion emissions
generally follow fuel consumed. Superpollutant
emissions are different because they most commonly
leak from equipment, escape during maintenance,
and sometimes vary with weather, herd, and soil.
Estimating these emissions from activity and financial
data with default emission factors produces numbers
that are challenging to anchor a public target. Recent
technological developments have included source-
level monitoring, reporting, and verification (MRV),
which can resolve that uncertainty at a commercial
scale while footprinting standards for superpollutants
catch up.
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Accounting that treated superpollutants as a
subset of aggregate COse is being replaced by
scope-level targets with full coverage.

Changing rules
are impacting
superpollutant
footprints

The SBTi Corporate Net-Zero Standard Version 2.0,
effective February 1, 2027, removes the combined-
scope option for larger companies. Category A
companies shall set separate Scope 1, Scope 2, and
Scope 3 targets, and near-term Scope 1 targets shall
cover 100 percent of Scope 1 emissions, with no
materiality carve-out. (Companies may continue to

set targets under Version 1.3.1 until January 31, 2028.)
103

By early 2028, therefore, every large company with
material fugitive methane, refrigerant leakage, or
industrial F-gas emissions validating a target under
Version 2.0 will hold a stand-alone, fully covered
Scope 1 target. In refrigeration-intensive retail,
upstream oil and gas, semiconductor manufacturing,
chemicals, and electrical equipment, superpollutants
will constitute a visible share of that new target.

The issue facing those companies is not whether
superpollutants belong in their climate strategy.

It is how quickly they can build the measurement,

abatement, and procurement capabilities to deliver
against a target.

A second new provision extends the same logic across
the full target horizon. Where emissions remain

at the net-zero target year, the revised standard
requires that residuals of long-lived greenhouse
gases be neutralized with long-lived removals, while
residuals of shorter-lived gases may be neutralized
with short-lived removals or a combination of both.
It also assigns companies direct and unshareable
responsibility for neutralizing Scope 1 residuals.!%*
An implication for companies carrying sulfur
hexafluoride in transmission and distribution
equipment or perfluorocarbons in semiconductor
manufacturing, for instance, is that eliminating
emissions at source is the cheaper option when
evaluating current capital decisions. The same
financial trade-off analytics will need to be applied
to all other capital decisions with greenhouse gas
footprints.

Each of these shifts answers the dynamic that
preserved the gap between awareness and action:
accounting that treated superpollutants as a subset
of aggregate CO,e is being replaced by scope-level
targets with full coverage and a neutralization
requirement keyed to atmospheric lifetime. The
source-level measurement that fugitive and diffuse
emissions have always required, and rarely had, is
now increasingly available through satellite and
continuous-monitoring systems.
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Pathfinder companies
show moving from
awareness to action is
a matter of choice

In every sector we evaluated, a small group of companies has
taken serious action. While they remain the exception, they
offer the strongest case that what separates them from their
peers is choice rather than capability.

Three characteristics recur. Companies act where the gas is
concentrated and measurable, rather than where the aggregate
footprint is largest. They treat superpollutants as a managed
program with a baseline, a target date, and an accountable
owner, not as a pilot. And several act on pollutants that their
own operations do not generate, beyond their value chain.
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TABLE 3: PATHFINDER EXAMPLES

Company Superpollutant  Action

ALDI F-gases Committed to transition U.S. store network to natural refrigerants by 2035.°°

Secured commitments from semiconductor suppliers to abate at least 90 percent of F-gas

Appl =
bpie gases emissions by 2030.1°¢

Committed to cut refrigerant emissions by 30 percent by 2030 from a 2020 baseline'” and
Costco F-gases to make 50 percent of all new U.S. and Canadian warehouses use carbon dioxide-based
refrigeration°®

Danone Methane Committed to cut methane from its fresh-milk supply chain by 30 percent by 2030.°°

Contracted for credits that will eliminate more than 3 million metric tons CO,e (at GWP-

Gooale Methane 20) of methane and HFCs by 2030 through landfill methane destruction and HFC recovery
9 & F-gases from HVAC systems."™® Pledged $50 million through 2030 to scale superpollutant projects
as a founding member of the Superpollutant Action Initiative"
IKEA/Ingka Shifting new and retrofit HVAC and refrigeration equipment to natural refrigerants across
Grou 9 F-gases global portfolio; established a program to detect and repair refrigerant leaks across the
: company.2
JPMorgan Authored Methane Emissions Opportunity, with a reduction strategy for its oil and gas
Methane .
Chase portfoliot™®
Rabobank Methane Built methane targets into agricultural lending"*
WM Methane Set an SBTi-validated 1.5°C-aligned target to reduce absolute Scope 1 and 2 emissions by
42 percent by 2031 from a 2021 baseline, having achieved 27 percent as of August 2026.1°
Workday Methane Signed a four-year, 200,000-metric-ton offtake agreement with Tradewater to plug

orphaned oil and gas wells in the U.S. Midwest."®
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Implications for corporate strategy

The implication for corporate strategy is not that superpollutants should be added to a list of climate priorities.
It is that in the next phase, corporations must prioritize superpollutant mitigation to meet their goals. Climate
stabilization requires it.

The Superpollutant Action
Initiative offers an early model

A model for what this chapter calls for already exists. In March 2026, seven leading companies—Amazon,
Autodesk, Figma, Google, JPMorgan Chase, Salesforce, and Workday—announced the Superpollutant Action
Initiative, a commitment to deploy $100 million through 2030 into projects that reduce methane, refrigerant
gases, and black carbon. Coordinated by the Beyond Alliance and supported by the Carbon Containment Lab
as research partner, the initiative is structured around five guiding principles—catalytic impact, scientific
rigor, transparency, urgency, and collaboration—and explicitly designed to champion projects that would not
advance without private-sector capital. Participating companies will each identify and finance high-impact
projects across the sectors where superpollutants concentrate—energy, agriculture, waste, and cooling—
with the Beyond Alliance providing shared research, reporting, and knowledge infrastructure. Welcoming
statements from Cascade Climate, the Clean Air Fund, the Climate and Clean Air Coalition, Climate Works,
EDF, the Global Methane Hub, and the Super Pollutant Action Alliance signal that the initiative has the
necessary buy-in from ecosystem partners to attract additional participants.

The initiative addresses, in one structure, several of the gaps this chapter has diagnosed. It treats
superpollutants as a distinct climate-action category rather than as a subset of aggregate CO,e accounting.

It mobilizes corporate capital toward the cheapest, fastest near-term abatement at a moment when less than

2 percent of global climate finance reaches methane. It is explicitly catalytic—designed to stand up project
supply that would not otherwise be financed —which is the role corporate capital is best positioned to play. And
it builds a peer cohort large enough to make superpollutant procurement a recognizable corporate behavior
rather than an isolated one. As the participants themselves acknowledge, $100 million by 2030 is a small
fraction of the needed funding. But it sets a precedent that other companies can follow with relatively modest
commitments and that other actors—investors, regulators, and project developers—can build around.
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he previous chapter established that

superpollutants are largely absent from corporate
targets, advocacy, and capital allocation. This chapter
will demonstrate the cost of their absence and scale of
the mitigation opportunity ahead.

Holding warming to
2°C'requires global
superpollutant emissions
to fall approximately
50 percent by 2050.
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The pathway to 2°C assumes deep
superpollutant reductions by 2050

The IPCC scenario that keeps the world below 2 degrees Celsius of warming, SSP1-2.6, has served as the
corporate and political goalpost for over a decade (henceforth “2 degrees C scenario”). It embeds a near-halving
of superpollutant emissions by 2050 alongside a rapid decline of carbon dioxide, as shown in Figure 3. Methane
and F-gases are the largest share of the superpollutant reductions in the 2 degrees C scenario—two of the gas
groups this roadmap also identifies as highly actionable by companies.

FIGURE 3: EMISSIONS BY GAS GROUP IN 2 DEGREES C SCENARIO (SOLID COLOR), COMPARED TO THE REFERENCE
SCENARIO (DOTTED LINES), 2000-2100 SHOWN IN GWP-20 (TOP) AND GWP-100 (BOTTOM)
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Because it concentrates the warming effect of short-
lived gases like methane into a shorter 20-year
window rather than averaging it out over a century,
superpollutants carry more weight in GWP-20 than
GWP-100. Their emissions appear larger and more
front-loaded in the GWP-20 chart (Figure 3) while
calculations using GWP-100 dilute their impact by
spreading that same warming over a longer horizon.
See Appendix A for an explanation of GWP and why
it matters.

The Reference scenario (SSP2-4.5) is shown in Figure
3 as dotted lines for comparison. Superpollutant
emissions in this scenario remain close to flat across
the entire century, while carbon dioxide emissions
continue to rise until approximately 2040 before
falling to roughly half of current levels by 2100. It
does not assume that superpollutant abatement is
technically unavailable but that available solutions fail
to attract the attention, policy, and capital required
to deploy them at scale. The Reference scenario ends
the century with approximately 2.7 to 2.8 degrees
Celsius of warming. (Note that the reference scenario
was formulated prior to the Kigali Amendment,
whose implications on the model are addressed in
Appendix C.)

The variation between the 2 degrees C scenario
and the Reference scenario amounts to the annual
reductions by 2050 shown in Table 4.

TABLE 4: MITIGATION GAP SIZE BY GAS GROUP BETWEEN
THE 2°C AND REFERENCE SCENARIO, IN 2050

Annual gap between 2°C and

Gas group Reference scenario, 2050

Carbon dioxide 24.7 Gt CO, [/ yr

Superpollutants 70 Gt COqe / yr

Holding warming to 2°C requires global
superpollutant emissions to fall approximately
50 percent by 2050. Cumulatively, this represents

approximately 142 Gt CO,e of avoided emissions
by 2050, distributed across the three modeled
superpollutant groups as shown in Table 5.

TABLE 5: CUMULATIVE REDUCTION OF SELECT
SUPERPOLLUTANT GASES TO REMAIN BELOW 2 DEGREES
CELSIUS

Methane Nitrous oxide F-gases

91.9 Gt CO,e 25.7 Gt CO,e 247 Gt COqe

Note: this does not quantify the influence of tropospheric ozone or black
carbon as they are poorly suited to quantify their temperature impact.
Nonetheless, these pollutants should still incur similar reductions for the
support of both human and atmospheric health.

Method in brief

The Carbon Containment Lab’s modeling
presented here is based on Intergovernmental
Panel on Climate Change (IPCC) emission
scenarios. We compared two Shared
Socioeconomic Pathways: SSP1-2.6, a deep
mitigation scenario consistent with holding
warming below 2°C by end-of-century, and
SSP2-4.5, a middle-of-the-road “business-as-
usual” scenario reflecting our current trajectory.
Then, we generated temperature outcomes
using the FaIR model—a reduced-complexity
climate model used in the IPCC Sixth Assessment
Report for scenario temperature assessment.
The modeled superpollutant basket comprises
methane, nitrous oxide, and fluorinated gases.
Black carbon and tropospheric ozone precursors
are modeled but are not aggregated with the
other superpollutants due to limitations of the
GWP metric when applied to pollutants that
are not globally well-mixed in the atmosphere.
More detailed model specification and parameter
choices appear in Appendix C.
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Reducing warming in the near-term
requires cutting superpollutants

Translating the two emissions pathways into temperature outcomes helps to isolate the contribution of each
gas group—with results shown in Figure 4. Of the 0.9°C separating the two scenarios, approximately half
comes from carbon dioxide and half from superpollutants.

FIGURE 4: PROJECTED TEMPERATURE CHANGES THROUGH 2100 RESULTING FROM REFERENCE SCENARIO, 2 DEGREES
C SCENARIO WITH MITIGATION OF CO,-ONLY, AND 2 DEGREES C SCENARIO WITH MITIGATION OF BOTH CO, AND
SUPERPOLLUTANTS
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All scenarios in Figure 4 show continued near-term
warming, with a pronounced increase in near-term
temperature associated with the CO2-only scenario.
This occurs, in part, because fossil fuel combustion
co-emits sulfate aerosols, which cool the climate

by reflecting sunlight. So, as we decarbonize and
phase out fossil fuels, we also remove the cooling
effect, which effectively “unmasks” warming

that had previously been offset. Superpollutant
mitigation helps dampen this effect because reducing
superpollutants delivers a benefit without triggering
the same aerosol trade-off. This makes superpollutant
action a more direct lever for near-term mitigation
than decarbonization alone.

Moreover, given their mostly short-lived atmospheric
lifetimes, mitigation of superpollutants can

immediately have an effect on warming. A metric

ton of methane abated in 2027 has largely ceased to
influence the climate system by the 2040s, which
means its comparatively outsized abatement benefit is
fully realized inside the current century. Meanwhile,
a metric ton of carbon dioxide abated in 2027 spreads
its benefit across the following centuries.”” Two
mitigation portfolios of identical carbon dioxide-
equivalent tonnage therefore produce materially
different temperature trajectories depending on their
gas composition.

Each ~35 Gt CO,e reduction in superpollutants would
require about 300 Gt of CO, abatement to have the
same temperature impact by 2050.
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Implications for
corporate strategy

Sequencing becomes a key strategic variable.
The analysis indicates that early superpollutant
action cannot replace carbon dioxide mitigation,

but it does create the runway for action. Carbon
dioxide abatement in heavy industry, aviation,

and long-lived infrastructure depends on capital
replacement cycles measured in decades. Much of
superpollutant abatement—Ileak detection and repair,
lifecycle refrigerant management, venting and flaring
elimination, industrial abatement retrofits—occurs
in cycles measured in months to a few years. Acting
quickly on superpollutants extends the window

in which carbon dioxide can scale without peak
warming (and climate tipping points) being breached
in the interim. Companies with credible net-zero
commitments and limited near-term options should
pay particular attention.

Superpollutant action complements rather than
replaces carbon dioxide action. This analysis
supports treating short- and long-lived gases along
different time horizons within a single strategy:
companies can invest in superpollutant projects to
help with near-term temperature stabilization, as

well as carbon dioxide mitigation and removal to
support longer-term climate stabilization. Companies
that structure their targets to reflect that distinction
gain a clearer view of the climate impact their own
portfolio and investments can deliver and when. Some
companies, such as Google, are already articulating

an approach to combating warming via combined
action on superpollutant elimination and carbon
removal,"® which could be highly effective in scaling
both categories.

The required abatement is disproportionately
cheap and disproportionately available. The
finance gap identified above is large, but the marginal
abatement costs behind it are among the lowest in the
global mitigation portfolio. A substantial share of this
opportunity sits inside or adjacent to corporate value
chains.

Two features of superpollutant abatement pathways
work in companies’ favor:

—> First, a significant share of methane and F-gas
abatement carries negative or low net cost,
because the abated substance has commercial
value and therefore pays for itself over time.
Equipment upgrades deliver energy efficiency
alongside emissions reductions or the
intervention is a maintenance practice rather
than a capital-intensive project.

Second, many (though not all) superpollutant
emissions are concentrated in identifiable
point sources and specific equipment classes
rather than diffused across every combustion
process in an economy, as is the case with CO,.
Concentrated sources are easier to locate,
attribute to a responsible party, fix, and,
eventually, regulate.

A meaningful share of global superpollutant
mitigation opportunities lies outside any single
company’s direct value chain, often in geographies
and sectors where the abatement is cheapest but

the capital is scarcest. Companies can reach these
mitigation measures through the carbon market

lever described in Chapter 5 and can help build the
policy and measurement infrastructure that unlocks it
through the engagement lever described in Chapter 6.
The value chain lever in Chapter 4 addresses the
portion that sits within corporate control and
influence, where numerous negative- or low-cost
opportunities also exist.
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Corporate action is imperative. The major
reductions assumed in the 2 degrees Celsius scenario
are concentrated in oil and gas systems, cooling and
refrigeration, waste management, industrial chemical
production, and agricultural supply chains. These
predominantly reside in corporate systems. Although
governments can regulate them and finance can
support them, companies ultimately operate them.
This modeling and its related research indicate that
the 2 degrees Celsius pathway is not reachable without
mitigation actions coming from corporate operations,
ownership, and procurement.

Resource reallocation is needed. With this
understanding, the present allocation of resources
appears to be drastically disproportionate. Methane
abatement, for example, is among the fastest and
cheapest ways to slow near-term warming, yet a
Climate Policy Initiative (CPI) study finds that less
than 2 percent of global climate finance in recent years

has been directed to methane action."® A subsequent
CPI study estimated that global methane abatement
finance averaged USD 13.7 billion per year in 2021-
2022 against an estimated need of roughly USD 48
billion annually by 2030 under a 2 degrees Celsius
pathway.!* A commitment of that size simply cannot
deliver half of the required temperature outcome.

Superpollutant action can no longer remain a
corporate afterthought. It is one of the most
significant pillars of climate change engagement
needed in the coming years. With these takeaways
in mind, the goal of this roadmap is to present the
tools necessary to effectively and efficiently reduce a
corporate superpollutant footprint across three key
levers—value chain intervention, voluntary carbon
markets, and policy engagement—not just because

it is one of the best ways to extend the breadth of
corporate environmental efforts, but because it simply
cannot be done without corporate action.
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his chapter identifies common superpollutant

hotspots across many companies as well as
compelling mitigation opportunities for them.
Then it dives into how each company can find
superpollutant hotspots in its own value chains. The
chapter shares the three main mechanisms available
to address hotspots and applies a practical decision
framework for evaluating them. It also provides
examples and case studies of companies already acting
on superpollutants using these mechanisms.
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Finding superpollutant hotspots

Some superpollutant hotspots show up across many sectors. Upstream activities with significant
superpollutant footprints include raw material extraction (such as fossil fuels), agricultural production, and
input processing and manufacturing. Downstream activities concentrate around distribution, retail, consumer
use, and disposal. Logistics and transportation have hotspots upstream and downstream.

FIGURE 5: COMMON SUPERPOLLUTANT VALUE CHAIN HOTSPOTS

VALUE CHAIN IMPACTS [ Methane [l Nitrous Oxide [l F-Gases [l Black Carbon

Food and Beverage,
Supermarkets, Restaurants

Hospitality

Consumer Goods, Pulp and
Paper

Apparel, Textile

Electronic Goods, Appliances

Other Manufacturing
(Chemical, Pharma, etc.)

Real Estate, Physical Retail

Utilities, Construction,
Extractive Industries

ICT, Data Centers

Transportation, Automotive

Healthcare, Veterinary Care

SOURCE: Carbon Containment Lab analysis, 2026
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While each company will have its own superpollutant emissions profile based on its activities and location,
some clear industry-wide hotspots demand immediate attention and can be addressed through market-based
value-chain interventions. (Addtional information on all of these and how we selected them is in Appendix D):

%

%

Agriculture and organic waste generate superpollutant emissions across multiple sectors
and gases. Livestock, crop, and waste-derived methane are integral to food, apparel, and
packaging supply chains, while soil, fertilizer, and wastewater emissions extend the footprint to
textiles, aquaculture, and manufacturing.

- Immediately actionable: Capturing methane from agricultural waste (manure and other
organic material) using anaerobic digesters to produce biogas, which is then converted into
Renewable Natural Gas (RNG) and sold via Book and Claim certificates.

Fossil energy includes significant hotspots as well. Upstream natural gas operations release
methane that can enter the inventories of oil and gas companies through Scope 1, electricity users
through Scope 2, and nearly every other company through Scope 3. Companies could avoid 77
percent of the annual 2.4 Gt of CO,e from methane leaks (roughly 5 percent of all anthropogenic
emissions) with existing technology. More than a third of those emissions could be abated at a net
profit.””! Coal mining carries a parallel methane footprint, driven by demand from thermal power
generation and steel production.’?? Diesel and combustion engines of vehicles are major sources of
black carbon in construction, utilities, manufacturing, retail, and transportation.

—> Immediately actionable: Buy from the supplier with the lowest verified intensity, favoring
those with no satellite-observed emissions and membership in programs such as OGMP 2.0.

F-gases are widespread wherever companies use refrigeration or climate control, including
HVAC in data centers and large building portfolios and refrigerants in food and cold chains.
Industrial processes (from electronics manufacturing, heavy metal production, and electricity
infrastructure) also use and emit highly potent F-gases, including PFCs, sulfur hexafluoride,
and nitrogen trifluoride, in aluminum and semiconductor production. Electricity transmission
systems likewise use sulfur hexafluoride in transformers and switchgear.

—> Immediately actionable: Purchase reclaimed F-gases with forward offtakes, and/or through
Book and Claim certificates. Engage suppliers to ensure other F-gases are being properly
managed throughout their lifecycle, and that high-GWP gas equipment is phased out in
procurement cycles.
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% Chemical manufacturing and heavy industrial processes generate high-potency nitrous oxide
emissions across multiple sectors and specialized product lines. The production of intermediate
bulk nitric and adipic acids and chemical precursors creates a large superpollutant footprint in
downstream consumer goods, automotive engineering, and construction markets. Specifically,
manufacturing facilities release concentrated nitrous oxide emissions during steps required
to make synthetic fertilizers, performance nylon fibers, polyurethane insulation foams, and
synthetic dyes. Small volumes of highly potent industrial nitrous oxide emissions also escape
into the atmosphere from high-temperature fossil fuel combustion, inside heavy manufacturing
machinery, and as part of the silicon wafer electronics fabrication processes.

— Immediately actionable: Specify to “buy clean” materials in key sectors that rely on these
chemicals (such as textiles, furniture, mattresses, car powertrains, and the agriculture and
food industries.)

—> Immediately actionable: Provide financing via insetting projects; and/or engage suppliers on
best practices.
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Three mechanisms
for action

Companies have three main mechanisms for
mitigating superpollutants in their value chain: direct
operational action, supplier engagement, and market-
based instruments. SBTi recognizes all three as
allowable pathways for claiming GHG reductions.

The right approach depends on where a hotspot sits
on the control spectrum, as well as on a company’s
supplier relationships, available contractual
mechanisms, budget, and risk appetite. A mitigation
measure’s level of maturity also matters: for
example, some measures will benefit from more
flexible forward offtake agreements while they scale
up in new jurisdictions, while others are highly
mature and can more easily be integrated into
existing supplier engagement relationships and
requirements. Appendix B describes how these
different mechanisms map to the maturity levels of
the mitigation measures.

FIGURE 6: THREE TYPES OF VALUE CHAIN ACTION

Direct opemtz'onal action

Seizing abatement opportunities
that sit fully within a company’s
own control

Supplier engagement

A company collaborates with
its suppliers of products and
services to reduce
superpollutant emissions

Market-based
Instruments

Contractual tools that enable
companies to claim mitigation
outcomes (i.e. reductions or
removals). These include
insetting, where a company
works directly with a supplier,
and environmental attribute
certificates, which are logged in
a third-party registry
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At one end of that spectrum is direct operational action.
A company could purchase certified low-carbon
natural gas, phase out high-GWPDP refrigerants,
upgrade on-site combustion equipment, and capture
the reduction directly in its own Scope 1 inventory.

Moving into Scope 2 and 3, a company no longer
controls the source directly but can still influence the
activities that generate those emissions by providing
capital, technical support, or other market incentives.

Supplier engagement fills that gap: through a
structured, usually multiyear program, a company
works with upstream or downstream partners to
mitigate their direct emissions, which then count as a
reduction for the company itself.

Insetting is one example of this type of value chain
intervention. A company developing mitigation
projects directly with an existing business partner
is still engaging a supplier, even where accounting
convention has historically grouped it with market
tools.

Deep in Scope 3, a company may have little or

no operational relationship with the source

of a superpollutant emission. Market-based
instruments—such as environmental attribute
certificates and Book and Claim credits—allow a
company to support and claim mitigation outcomes
achieved elsewhere in the value chain. Reductions are
verified by third-party certifiers rather than a direct
relationship.

Emerging standards, including the AIM Platform and
the upcoming GHG Protocol Actions and Market
Instruments (AMI) standards, establish value chain
association rules, certification standards, and an
appropriate reporting framework.!?

Market-based value chain instruments are distinct
from voluntary carbon markets. When a company
uses these instruments, it claims credit for an outcome
tied to its own value chain. For example, a shipment
allocated to certified low-carbon fuel remains part of
that company’s transportation footprint. Voluntary
carbon markets, discussed in the next chapter, work
differently: they finance verified mitigation beyond

a company’s own footprint entirely, reaching sources
that value chain action cannot touch. The two levers

are therefore complements, not overlapping paths to
the same claim.
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Finding corporate
superpollutant
hotspots

For Scope 1 emissions, identifying hotspots is usually
straightforward. Most greenhouse gas footprint and
reporting frameworks already require companies

to track emissions by gas, making it relatively easy

to pinpoint where superpollutants occur. The one
exception is ozone-depleting substances, which

the GHG Protocol lists as optional to report on
(these “non-Paris” gases are governed instead by

the Montreal Protocol; despite being classified as
optional, they are in fact potent greenhouse gases).

For Scope 2, while some superpollutant emissions are
produced during combustion, most of the associated
superpollutant impact sits further upstream,

landing in Scope 3 Category 3, “fuel- and energy-
related activities.” Specifically, Scope 3.3 includes

the methane, black carbon, and tropospheric ozone
released during the extraction and processing of the
coal, oil, and gas burned to generate a company’s
purchased electricity.

For Scope 3 emissions, identifying superpollutant
hotspots within existing footprinting tools becomes
more challenging. Hotspots often occur in low-
spend, low-tonnage, or low-energy activities, which
means the spend- and energy-based screening and
estimation models that companies commonly use to
quantify Scope 3 emissions can miss them entirely.
Locating these hotspots therefore requires additional
detective work and analysis.
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A decision
framework for
action

Corporate decision-making on superpollutants
follows the same logic as other climate investments:
evaluate risk, cost, and benefit; set targets aligned
with strategy; and prioritize the actions that deliver
the greatest ROI. To begin, companies can follow
five steps.

Step 1: Identify hotspots

A value-chain superpollutant hotspot for a company
is the point in a product or company’s value chain
where a small volume of a short-lived, high-GWP gas
represents an outsized share of near-term warming.
A hotspot can be identified by three criteria: 1) size,
using a common materiality threshold of 5 percent
of Scope 3, consistent with standard assurance
practice; 2) influence over reduction potential, where
a small number of suppliers account for significant
superpollutant emissions or where technology is
readily available and at scale; and 3) cost, since some
opportunities are available at negative or near-zero
net cost and merit priority treatment on that basis
alone. Regulatory risk, such as emerging methane
rules in oil and gas, is also a consideration.

Purchasing cleaner
natural gas.

Remote sensing now allows oil and gas buyers to
see order-of-magnitude differences in methane
intensity between operators in the same basin.
Some companies emit as little as 0.2 percent

of production, the industry benchmark, while
neighbors run more than ten times higher.’* The
procurement standard should be to purchase from
the supplier with the lowest verified intensity,
favoring those with no satellite-observed emissions
and membership in programs such as OGMP

2.0. Technology companies generating their own
power behind-the-meter face this choice most
directly, since they also control on-site combustion
equipment. These companies can reduce methane
slip by choosing turbines over engines and
conducting leak detection and repair (LDAR)
quarterly or monthly, more frequently than
industry norms. These actions may be some of the
lowest-cost mitigation options available today.

53

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- Lever 1: Value Chain Intervention

Step 2: Identify mitigation actions

Table 6 maps common actions to superpollutants and the Scope 3 categories they typically affect. See more
about these measures at superpollutantroadmap.org.

TABLE 6: SUPERPOLLUTANTS AND RELEVANT SCOPE 3 CATEGORIES

Superpollutant Value Chain Hotspot Available Mitigation Actions
Methane/ Agriculture and organic Aerobic composting; anaerobic digesters; food-waste diversion; manure
Nitrous Oxide waste management; methanotrophic bioreactors; solid waste separation.

Leak detection and repair (LDAR); capture and destruction or oxidization
Upstream natural gas and

Methane . e of gas from mines and oil & gas fields; orphaned/marginal well plugging;
coal mining emissions A
waste gas utilization for energy/fuel; vapor recovery.
On-site power generation, . . e . .
. P g Select gas suppliers with: lowest verified methane intensity (0.2% or
particularly behind-the-meter . . o
below), no satellite-observed emissions, and/or membership in OGMP 2.0;
natural gas for data centers . . . . .
slip control via turbines; vapor recovery; regular leak detection and repair.
and other large energy users
4R nutrient stewardship (codified framework); biochar soil amendments;
biological nitrogen fixation (legume rotation/inoculation); enhanced-
. . ) N efficiency fertilizers and nitrification inhibitors; optimized nitrogen-fertilizer
Nitrous Oxide Soil and fertilizers use and precision agriculture techniques.
Improved soil management to reduce the conditions leading to microbial
nitrous oxide formation in agricultural soils.
Deployment of continuous nitrous oxide sensors coupled with dissolved
Wastewater processing oxygen/aeration control loops to actively suppress nitrous oxide production
in wastewater.
Catalytically decomposing nitrous oxide into nitrogen and oxygen using
Industrial processes: nitric zeolite- or metal-oxide-based catalysts; Installing emission control
acid, adipic acid, and technologies or process substitutes to reduce nitrous oxide generated as a
caprolactam production by-product of nitric or adipic acid production; Installing catalytic or thermal
(nylon, polyurethane foam, nitrous oxide tail-gas destruction technology downstream of caprolactam,
synthetic fiber inputs) glyoxal, or glyoxylic acid production process vents, converting nitrous oxide
to nitrogen and oxygen before atmospheric release.
. . . Equipment installation/retrofit; leak detection and repair; low-GWP
Refrigeration; HVAC cooling; q ,p / . . > .
F-Gases refrigerant replacement (drop-ins); refrigerant recovery, reclamation or

industrial production ) . )
P destruction; cooling load reduction measures.

Industrial combustion;
diesel engines; owned and
contracted freight fleets and
non-road mobile machinery
(construction, agricultural
equipment)

Vehicle electrification; ultra-low sulfur diesel with particulate filters;
hydrogen fuel-cell trucks; heavy-duty truck idle reduction; diesel
locomotive retrofits/replacement.

Black Carbon

Alternative marine fuels (such as “low carbon” methanol or ammonia); fuel
switch to distillates; exhaust filtration; maritime emission control areas
(ECAs); reduce vessel speeds; shore-power at berth; voyage optimization;
wind-assisted propulsion.

Shipping
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Step 3: Calculate
emissions savings

Savings are calculated as baseline activity levels
multiplied by an emission factor minus project
emissions. For oil and gas methane specifically,
facility-average emission factors can understate
savings relative to directly measured emissions
so companies working in this sector should treat
modeled baselines as a floor, not a ceiling.

FIGURE 7: EMISSIONS SAVINGS CALCULATION

op| =

&3 Savings =
Baseline emissions -
Project emissions

Project emissions can be calculated for all individual
projects/actions to estimate total savings

01 Baseline emissions =
activity level without the project x
baseline emission factor

This is likely to be the annual greenhouse gas inventory

02 Project emissions =
activity level with the project x
relevant emission factor

Mitigation is a result of lowering the activity level
andy/or the emission factor

(03 Therefore, Savings =
Baseline emissions -
Project emissions

Step 4: Build the business
case

Many value chain superpollutant mitigation measures
achieve cost savings or are low-cost on a per-ton
basis—some examples can be seen in Table 6. Two
tools are widely used to shortlist actions: an impact/
effort matrix and a marginal abatement cost curve.

Placing actions in a two-by-two matrix with axes
of impact and effort groups actions by expected
reduction and implementation difficulty, cost, and
time.

TABLE 7: IMPACT/EFFORT MATRIX

High Impact

High Effort,
valuable - strategic
long-term bets

Quick Wins -
highest priority

Low High
Effort Effort

Easy Wins - Low Priority —
implement quickly deprioritize

Low Impact

If there is appetite to conduct a more detailed
assessment, generating a marginal abatement cost
curve (MACC) will lend quantitative support to the
cost component of an effort. A MACC plots reduction
potential in metric tons of CO,e (MTCO,e) per year
year against marginal cost per MTCO,e. Actions to
the left of the curve’s inflection point are the lowest
cost, and those below the x-axis pay for themselves
outright, making them no-regrets moves for
corporate actors.
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For example, the Carbon Containment Lab generated the following marginal abatement cost curve for cooling-
related emission reduction measures in the commercial real estate sector in the U.S. and China (Figure 8).1%°
This was modeled using GWP-100, so near-term benefits are conservatively stated. Economically attractive
mitigation measures have the potential to reduce total cumulative commercial cooling emissions by 45 percent,
representing some 5.7 Gt CO,e of avoided emissions from 2026 to 2060. A subset of these measures generates
cost savings. For example, improving system controls and smarter maintenance and operations could avoid 1.4
Gt CO,e of emissions in the U.S. and China if implemented between 2026 and 2060.

FIGURE 8: MARGINALABATEMENT COST CURVE EXAMPLE FOR U.S. COMMERCIAL REAL ESTATE COOLING SECTOR
EMISSIONS MITIGATION MEASURES

ABATEMENT COST ($/MTCO,E)
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Category A:
Lifecycle Refrigerant
Management (“fuel”)

@ Recover & recycle refrigerants
on-site

@ Recover & reclaim pure
refrigerants

(3) Recover & reclaim mixed
refrigerants

@ Recover & destroy refrigerants

@ Use ‘drop-in’ lower GWP
refrigerants

250 300 350 400 450

500

650 800 850 900

700 750

550 600

ABATEMENT POTENTIAL (MILLION MTCO,E)

. Category B:

Cooling Equipment Upgrades (“engine”)

(s) Upgrade to lower GWP refrigerant
equipment

@ Conduct smart equipment
maintenance and calibration

Install sensors to detect leaks in
compressors

@ Use best practice equipment
installation and calibration

Upgrade to higher COP cooling
equipment

Category C:
Reduced Primary Cooling Load
@emand”)

@ Establish higher cooling set-points
Increase insulation, shading, reflection
Install heat exchanger between

incoming and outgoing air
Install occupancy sensors for lighting

@ systems

Transition from open to closed
refrigerated displays

© ©

o

950 1000 1050

Category D:

Cooling System Management

(“system-wide”)

Implement intelligent,
data-driven control

@ Enhance management &
operator skills

Upgrade system hardware

Source: Carbon Containment
Lab, 2026
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Beyond GHG reduction, many actions carry multiple additional benefits that should be accounted for in
impact assessments: waste and energy-efficiency measures cut operating costs, fertilizer-reduction actions
improve soil health and farmer income stability, and reductions in methane, tropospheric ozone, and black
carbon improve air quality, a leading driver of respiratory and cardiovascular illness. A new study by the
Climate and Clean Air Coalition (CCAC) quantifies the broader economic and health benefits potentially
generated from 25 selected superpollutant mitigation measures. The study finds that for each $1 spent on
superpollutant and air quality mitigation, some $15 in economic benefits are generated.26

TABLE 8: SAMPLE OF VALUE CHAIN SUPERPOLLUTANTACTIONS AND COSTS

Category

Action

Available Cost Information

Methane/Agriculture

Anaerobic digesters at dairy
farms and feedlots

Typically results in net savings for farmers; RNG/biogas
production provides revenue, with additional benefit from
selling environmental attributes.

Sustainable rice sourcing

Can provide water savings of up to 30 percent and yield
stability for farmers.?®

Methane/Qil & Gas

Leak detection and repair,
pneumatic device replacement,
eliminating routine flaring, vapor
recovery units

About 39 percent of oil and gas methane abatement pays for
itself outright, since the resold gas value exceeds the cost

of capture; nearly all remaining abatement is cost-effective
below $20 per metric ton CO,e?®

Black Carbon/Ocean
Freight

Book and Claim for biodiesel,
green methanol, and ammonia

Typically a 10 to 20 percent cost premium depending on route
and fuel; programs available through Maersk, Hapag-Lloyd,
CMA CGM, MSC, and COSCO."®°

Black Carbon/Air Freight

Sustainable aviation fuel (SAF)

Two to three times the cost of jet fuel, a $0.50 to $1.50/gallon
premium, translating to $60 to $190/MTCO.,e in a Book and
Claim program; pricing is volatile and access can be scarce®

F-gases/Fugitive Emissions

High-efficiency low-GWP HVAC
upgrades

Payback typically five to fifteen years via operational energy
savings, depending on existing system efficiency, electricity
rates, and available incentives.®?

57

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- Lever 1: Value Chain Intervention

Step 5: Implement and
integrate into your
portfolio of climate
commitments and claims

Once actions have been prioritized, companies can
model emission targets and create commitments

for superpollutant emissions reductions. The SBTi
Corporate Net-Zero Standard provides a useful
framework for setting holistic targets across Scopes
1to 3, including superpollutant reductions achieved
through value-chain engagement. As a reminder,
SBTi rests on GWP-100 and does not currently
offer dedicated standards for setting superpollutant-
specific reduction targets that reflect their potency
and unique time signatures. Superpollutants like
methane and nitrous oxide fall under SBT1’s general
corporate near-term and net-zero frameworks,
which cover all GHGs (Scopes 1-3) aligned with
1.5°C pathways.'** However, sectoral guidance covers
superpollutants, such as nitrous oxide in agriculture.
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Seeing mitigation in action: Value chain
project examples

The mechanisms above are already in use. The examples below range from single unilateral actions to multiyear
partnerships.

TABLE 9: VALUE CHAIN PROJECT EXAMPLES

Company Mechanism Action Result

Direct Operational  The first U.S. food retailer to commit 600-plus stores converted to HFC-free; reduced

ALDI . average store potential emissions by 50 percent

Act to a full HFC phase-out by 2035

ction oatu phase-out by peryear; ranked #1 U.S. supermarket by the EIA*

Nestlé Direct Operational Used Maersk ECO delivery for 100 Reduced shipping emissions by more than 80

Action percent of its 2023 ocean shipments percent.®®

. Reviews Tier 1 suppliers’ carbon . . . .

Suppl Goal of red Tier1 I 30

TSMC E:pz Ii:nent reduction plans, including F-gas :::;trs l;((:)lggwéer supplier emissions
929 abatement for silicon wafer suppliers P Y '

Supplier “Tesco Exchange” platform

Tesco Enpg ement redistributes supplier food waste Mitigates methane from food waste disposal.®”
. surplus across the supply chain
Supplier e . . o
$20 million investment in sustainable Reduces methane; co-benefits in water use and
Mars Engagement . . o
. rice sourcing crop resilience®

(Insetting)
United Market Instrument Sustainable aviation fuel Book and Mitigates carbon dioxide, black carbon, upstream
Airlines (Book and Claim) Claim certificates methane®®

REP for MiQ-certified low-methane- RFP.I{ve as of Ma}/ 2026, seekllng 2026-vintage

Market Instrument intensity natural gas certificates to certificates; MiQ's own modeling suggests a 100

Meta J 9 megawatt (MW) facility running on Grade A gas

(Book and Claim) cover Meta’s onsite/behind-the-meter

srrnerEen could cut methane emissions roughly 95 percent

versus the U.S. benchmark.©

59 SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- Lever 1: Value Chain Intervention

Aircarbon: Amazon Climate Tech Accelerator
(Supplier Engagement/ Innovation)

Amazon Devices launched the Climate Tech Accelerator in 2025 to accelerate the decarbonization of its
devices. The program selects companies from around the world—startups and publicly traded companies
alike—to evaluate the commercial viability of their technologies for reducing the carbon impact of millions
of Amazon devices. Each cohort works directly with the Amazon Accelerator team to evaluate integration
potential, helping streamline the path from validation to adoption opportunity.'*

Newlight Technologies, part of the inaugural cohort, uses microorganisms to metabolize sustainably
sourced methane into a solid material called PHB, or Aircarbon. Currently being scaled in product
development for Amazon, Aircarbon has been demonstrated to match incumbents on durability and
manufacturing efficiency in a variety of applications. Scale, rather than the underlying technology, remains
the primary constraint on cost. For durable products, methane is converted into material, and this material
remains sequestered for the life of the product; it can be converted to far less potent CO:2 only if the product
is incinerated at end of life.

Aircarbon can be used across electronics, foodware, fiber, apparel, and furniture applications and is cost-
competitive with other GHG-reduction technologies. Newlight has prioritized sourcing methane at sites
such as dairy digesters and abandoned industrial point sources where methane would otherwise become
part of the air. In its partnership with Amazon, Newlight plans to convert methane into Aircarbon to help
make high-performance electronic parts.'*?

PepsiCo x Yara International: Decarbonizing Agricultural
Supply Chains (Supplier Engagement)

PepsiCo collaborated with Yara International to tackle fertilizer at both ends of its supply chain, from
production to field application. The partnership targets both nitrous oxide released when farmers apply
fertilizer and the fossil fuel emissions embedded in fertilizer production. Since fertilizer use underpins crop
yields and food security, elimination is not viable. Instead, the partnership aims to decouple agricultural
productivity from fertilizer’s climate impact.'*3

Yara supplies its lower-emission Climate Choice fertilizers, made using renewable or low-carbon ammonia
and nitrous oxide catalytic abatement. PepsiCo pairs these products with more efficient application through
precision agriculture tools, including soil diagnostics and data-driven nutrient management. The program
launched in 2024 across roughly 1,000 farms in the European Union and United Kingdom and has cut
emissions 20 to 40 percent per ton of potatoes produced (results vary by crop system and fertilizer variant).

The program expanded to Latin America in 2025 and aims to supply 165,000 tons of fertilizer annually by
2030 (a quarter of PepsiCo’s European fertilizer needs).!**
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Maersk ECO Delivery Certificates
(Market Instruments)

Maersk’s ECO Delivery certificates enable customers to claim more than 80 percent lower well-to-wake
GHG emissions for eligible shipments. The program uses a mass-balance approach, so customers can
claim the emissions benefit without requiring their specific container to travel on a vessel powered by the

certified fuel '

Customers allocate certified low-GHG fuels—biofuels from waste feedstocks or green methanol—to their
bookings in place of fossil fuel, with fleetwide savings confirmed annually through a third-party-verified
CO,e certificate. Biodiesel, the primary ECO Delivery fuel, also reduces black carbon and methane.
Maersk’s dual-fuel methanol vessels reduce these emissions even further, producing near-zero black carbon
or methane as combustion by-products.*¢

Biodiesel typically carries a price premium over LNG, increasing the total freight rate by roughly 10 to 15
percent when customers seek full emissions avoidance, depending on the route.'*’

Major companies—including Nestlé, Danone, Volvo, H&M, and Amazon—have used ECO Delivery
certificates, while competing programs from CMA CGM, MSC, Hapag-Lloyd, and COSCO suggest that
the model is gaining traction across the industry.
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Checklist 1: Value chain action checklist
for companies

Next 12-24 months period:

O

O
O

O
O
O

Map where each type of superpollutant arises in your value chain across Scope 1, 2, and 3, distinguishing sources within
direct operational control from those several tiers removed.

Apply the three hotspot criteria—size, concentration of reduction potential, and cost—to shortlist priority sources.

Assign each priority hotspot to a mechanism for action and related mitigation measure (see Appendix B):

O Direct operational action for Scope 1and 2 sources
(O Supplier engagement or insetting where a hotspot sits with an existing partner

O Market instruments where no direct relationship exists or where there is significant near-term impact potential and

existing standards.

Build an impact/effort matrix and/or marginal abatement cost curve for shortlisted actions, and act first on anything with
negative or near-zero net cost.

Confirm which value-chain mechanisms are creditable under current SBTi guidance, and flag insetting and market-
instrument claims where treatment remains unclear.

Execute on the actions selected; track progress and report on results.

By 2030:

O

O O O O

Embed hotspot mapping and mechanism selection into standard procurement, capital planning, and supplier scorecards/
engagement processes, rather than treating them as a one-time exercise.

Convert priority supplier relationships into structured, multiyear engagement programs, extending to insetting where
the partnership already exists.

Track how tightening rules and policy—for example, coal mine methane requirements, methane MRV standards, F-gas
quotas—change which actions remain voluntary, updating claims appropriately.

Publish results from action taken, since demonstrated cost and performance data is what unlocks the next round of
supplier or partner engagement, sharing results and methodologies with peers.

Use what you have learned on cost, feasibility, and supplier response as you shape your Policy Engagement strategy, since
operational evidence is what turns advocacy into implementable rules.
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Companies can address warming through

the voluntary use of carbon credits for
superpollutant mitigation. While value chain
interventions target a company’s own operations and
supply chain, carbon markets enable companies to
finance verified superpollutant mitigation beyond
their own footprint. This mechanism helps reach

the often diffuse, unregulated, or hard-to-abate
superpollutant sources, supporting the projects

that can reduce emissions where they are fastest

and cheapest. For many leading companies without
large superpollutant footprints (e.g., technology
companies), this lever is how they can make the most
immediate contributions to fighting superpollutants.

Superpollutant credits are an underappreciated
segment within voluntary carbon markets (VCM).
They offer a unique combination of methodologies
tested over two decades, quality that outpaces most
of the market, and prices that have yet to reflect this
value.

Bugyers positioned to act at today’s
prices stand to benefit from favorable
economics while playing a meaningful
role in shaping which pathways scale

into the projects of tomorrow.
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This chapter sets out why superpollutant credits differ from the rest of the voluntary carbon market; how the
shorter atmospheric lifetime of these gases changes what companies can credibly claim; where a buyer new to
this segment should begin thinking about criteria such as quality, value and scalability; and how these projects
may one day pave the way for broader policy or more widespread adoption.

The following mitigation measures meet the criteria described below and in Appendix E. The Carbon
Containment Lab believes all are reasonable candidates to be prioritized by buyers today, with caveats and
ongoing improvement areas specific to each pathway that are detailed in Appendix F’s case studies:

—> Landfill gas capture: Mature, reliable, and

impactful, with significant potential to reduce
methane emissions from sites where capture
remains unregulated, limited by economics, and/
or in countries that are transitioning to larger
more centralized waste management facilities.

Anaerobic digesters for agricultural waste:
Modular and scalable, with the potential
to reduce both methane and nitrous oxide

emissions from manure and agricultural residues.

Lifecycle Refrigerant Management:

Builds the infrastructure needed for a circular
refrigerant economy while preventing high-
GWP gases from entering the atmosphere.
Crediting activities for ODS and HFC
destruction are well complemented by leak
detection and repair and reclamation; as well as
updating efficient and low-GWP equipment.

— Rice methane: A large methane-reduction

opportunity that could see a renaissance

as improved measurement, reporting, and
verification can generate high-quality projects
whose emissions reductions can be quantified
and credited.

Orphaned oil & gas well plugging:

A potentially low-cost, high-impact opportunity
to eliminate persistent methane leaks, especially
as baseline setting, measurement and verification
systems improve with greater investment.

Industrial nitrous oxide: Major point source
emissions offer a concentrated and potentially
cost-effective abatement opportunity where
emissions are not otherwise regulated.
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W h FIGURE 9: SECTORS THAT HOST SUPERPOLLUTANT
y CARBON CREDITS BYTYPE

S u pe r po I I u tan t B VMethane [l Nitrous Oxide [l F-Gases [l Black Carbon
[
C re d I ts A re Agriculture & Land Use
= Compost Production & Soil Application
D I ﬁe re n t Compost Addition to Rangelands

Feed Additives

Manure Digesters

Rice Emission Reductions
The carbon credits most often top of mind are nature-

based approaches such as reforestation or engineered
carbon dioxide removal (CDR) projects like Direct
Air Carbon Capture (DACC). However, credits for
superpollutant abatement have existed since the early
days of carbon markets, beginning with some of the
first methodologies under the Clean Development
Mechanism (CDM)."8 These credits are not only
tested by time and deployment experience, but they
also remain significantly cheaper than other categories
of credits—and are shown to have higher average
quality and integrity than other types.'*’

Biodigesters

Nitrogen Management

Industrial Processes
N,O Destruction in Adipic Acid Production

N,O Destruction in Nitric Acid Production

HFC Replacement in Foam Production

Aluminum Smelters Emission Reductions-PFCs

Household & Residential Energy

Cookstoves

Fossil Fuel Extraction & Power Generation

Avai I ab I e s u p p Iy Leak Detection & Repair in Gas Systems

The VCM has a large, established base of -
superpollutant credits, and many are available

now on the spot market. As of the end of 2025,
superpollutants represented the third-largest
category of available credits in the carbon market,

as measured by issuance.”® From 1996 to 2025,
approximately 443 million superpollutant credits
were issued. Of those already issued, about 229
million have been retired, and 213 million credits are
yet to be retired, meaning they may be available for
purchase.™
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Superpollutant credits have experienced a notable revival since 2020, with issuances and retirements increasin
e p ) g
rapidly in recent years. In 2025 alone, around 61 million superpollutant credits were issued, approximately 80
percent of which came from F-gas and methane projects.’®? These trends can be seen in Figure 10.

Underpinning this activity is an expanding set of methodologies, many of which are high quality. The Carbon
Containment Lab’s global database tracks more than 400 methodologies across 18 registries. Of this total,
154 directly address superpollutants, and 118 are currently active as of May 2026. Methane has the broadest
coverage with 87 active methodologies. In the past year alone, 10 new methodologies came online, and at least
four more are being drafted by the Open Carbon Protocol and Isometric.

FIGURE 10: SUPERPOLLUTANT CREDITS ISSUED IN THE VOLUNTARY CARBON MARKET BY YEAR
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SOURCE: Carbon Containment Lab, 2026
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High quality

Superpollutant credits on the VCM are, on average,
high-quality, delivering measurable climate benefits
and oftentimes important environmental, human
health and economic co-benefits as well. As an
indicator, Calyx Global, an independent ratings

agency with the largest set of superpollutant ratings,

found that more than 50 percent of these credits fall
into their top integrity tier, rated AAA to A (“Tier
17), as shown in Figure 11. In contrast, other non-
superpollutant credit types, such as forestry and
renewable energy, currently account for less than 5

percent in the Tier 1 category. Calyx Global notes that

superpollutant projects tend to earn higher ratings

due to robust methodologies, strong additionality,
highly measurable emission reductions, and a total
absence of permanence risk. For example, ODS
destruction projects in Calyx’s ratings have a 95
percent AAA-A rating (across 45 projects), and
landfill gas has a 33 percent AAA-A rating (across
150 projects).™?

Another ratings platform, BeZero, shows similar
trends, with superpollutant projects also skewing
toward the higher end of ratings compared with CO,
projects. A clear range of quality still exists across
individual projects, so due diligence is needed at the
project level (see Figure 12).1*

FIGURE 11: DISTRIBUTION OF CALYX GLOBALS RATINGS OF SUPERPOLLUTANT PROJECTS COMPARED TO NON-

SUPERPOLLUTANT PROJECTS (JUNE 1, 2026)
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FIGURE 12: DISTRIBUTION OF BEZERO CARBON’S RATINGS OF SUPERPOLLUTANT PROJECTS COMPARED TO NON-

SUPERPOLLUTANT PROJECTS (MAY 25, 2026)
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Low prices

Data from ClearBlue Markets shows that across

272 recorded spot-market superpollutant credit
transactions from 2021 to 2026, prices vary by vintage
year, type, and country, with a median $4.70 per ton
(Figure 13)."° Certain credit types can attract high
prices: a U.S. composting-to-rangeland project sold
credits for $85 per ton in 2025 and a rice methane
project sold credits for $43.87 per ton in 2024
Many of the lower-priced credits are generated

in emerging market countries or represent older
vintages, reflecting the duration of their availability
on the market. Prices also vary by transaction

volume—larger transactions typically get a discount.
Projects that follow methodologies and programs
vetted positively by the Integrity Council for the
Voluntary Carbon Market (ICVCM) and are labeled
as following the Core Carbon Principles are beginning
to command a modest premium.

The relatively low prices can create the misleading
impression that these credits are poor quality, even
though that is far from the case. Until the market
reflects the true value of superpollutant credits,
companies buying them now can stretch their budgets

further.

FIGURE 13: AVERAGE PRICES FOR SUPERPOLLUTANT CREDITTYPES BY CATEGORY, 2021-2026
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For companies new to carbon credits

Carbon credits are a market-based mechanism for
addressing emissions. They are used in compliance
markets, where regulations require entities to

purchase credits to offset emissions; in the voluntary

carbon market (VCM), where entities purchase
credits to meet their climate goals without a legal
requirement; and by governments to meet their
nationally determined contributions under Article
6 of the Paris Agreement. This chapter focuses
on mitigating superpollutants through voluntary
mechanisms by companies, but compliance and
Article 6 mechanisms share many of the same
methodologies and verification structures. The
following resources provide grounding in market
structure, integrity, and claims.

Understanding carbon markets and emissions
accounting

o The Carbon Offset Guide provides a detailed
introduction to carbon market structure and a
manual for how to purchase credits, along with
other guidance.

o The Science Based Targets initiative (SBT1)’s
Corporate Net-Zero Standard Version 2.0 is a
prevalent guide to corporate emissions target-
setting. Carbon credit purchases earn companies
recognition for progress against their Ongoing
Emissions Responsibility.

» The Greenhouse Gas Protocol is the primary
rulebook for corporate emissions accounting.

Defining quality credits and claims

The Oxford Offsetting Principles are a
foundational framework laying out the role of
carbon credits within corporate decarbonization
and net-zero strategies.

The Integrity Council for the Voluntary Carbon
Market (ICVCM)’s Core Carbon Principles are the
leading standard for carbon credit integrity.

The Voluntary Carbon Markets Integrity Initiative
(VCMI) publishes a Claims Code of Practice that
instructs companies on how to use carbon credit
claims responsibly to avoid greenwashing.

Details on credits

 Ecosystem Marketplace’s annual State of the VCM

reports (2025 version) and dashboards provide
regular data about the wider VCM.

Ratings agencies such as Calyx Global, BeZero
Carbon, MSCI, and Sylvera provide public-facing
reports and resources, along with finance-style
ratings of individual projects for paid users.

U.C. Berkeley’s Voluntary Registry Offsets
Database provides project-level issuance and
retirement data.

Platforms such as Abatable, Allied Offsets, Carbon
Pulse, ClearBlue, MSCI (formerly Trove), and
Xpansiv’s CBL provide pricing, projections, and
market intelligence.

70

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION


https://offsetguide.org/
https://sciencebasedtargets.org/corporate-net-zero-standard-v2
https://ghgprotocol.org/corporate-standard
https://www.smithschool.ox.ac.uk/research/oxford-offsetting-principles
https://icvcm.org/core-carbon-principles
https://vcmintegrity.org/vcmi-claims-code-of-practice/
https://www.ecosystemmarketplace.com/publications/2025-state-of-the-voluntary-carbon-market-sovcm/
https://calyxglobal.com/research-hub/
https://bezerocarbon.com/insights
https://bezerocarbon.com/insights
https://www.msci.com/data-and-analytics/carbon-markets/carbon-project-ratings
https://www.sylvera.com/reports
https://gspp.berkeley.edu/berkeley-carbon-trading-project/offsets-database
https://gspp.berkeley.edu/berkeley-carbon-trading-project/offsets-database
https://abatable.com/
https://alliedoffsets.com/
https://carbon-pulse.com/vcmp/
https://carbon-pulse.com/vcmp/
https://www.clearbluemarkets.com/vantage
https://www.msci.com/data-and-analytics/carbon-markets/carbon-credit-prices
https://www.xpansiv.com/trading-platforms/cbl?utm_source=google&utm_medium=paid_search&utm_campaign=XpansivConnect&utm_id=23991581442&utm_content=sitelink&utm_term=xpansiv%20carbon%20credits&matchtype=e&device=c&network=g&gad_source=1&gad_campaignid=23991581442&gbraid=0AAAABDrCty5UVSpKg2rBoyWbd-YptQtLy&gclid=Cj0KCQjwp9vTBhCWARIsANaUrjtWSxjFOdrEz6nfvWjauZayC6gDp-H6Dj4fv8K_Slmp_zhst1MdpScaArlPEALw_wcB
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W h e re to Sta r't u Buying spot minimizes delivery risk because

the credits are already issued and enables the

A Lad d e r, N Ot a buyer to retire them immediately against climate

commitments or to hold them as assets. Purchasing
M enu spot credits is the most straightforward entry point
into superpollutant credits, and companies need only
the simple capability to purchase and retire credits
(for companies new to this, see page 70 for additional

For a company beginning or expanding its resources). However, buying spot credits does not
superpollutant strategy, carbon credits are best come with a guarantee of future price levels or long-
understood as a sequence rather than a set of term supply; and the environmental attribute being
equivalent options. Each step up the ladder increases  transferred may relate to abatement that occurred
the risk a buyer takes on, the level of due diligence several years earlier.

required, and control over how the credits are

generated.

Start here: Buying spot

Buyers typically purchase already-issued (“ex-post” or
“spot”) credits from registries, trading platforms, and
brokers, or directly from project developers. These
credits represent climate benefits that have already
been delivered by a project’s actions and have been
fully validated and verified by third-party certification
bodies. Credits are issued by registries that write the
methodologies and ensure that certifiers are properly
accredited to international and national standards.
Project information and certification reports can be
found on registries, ratings, and retail platforms.
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For a company beginning or expanding its
superpollutant strategy, carbon credits are best
understood as a sequence rather than a set of

equivalent options.

Next: Buying forward and
investing directly

Buying forward means entering into contracts to
purchase credits that will be generated by a project

in the future, typically spanning several years and
governed by an offtake agreement. Such agreements
secure long-term supply for buyers and provide price
certainty through fixed or formula-based pricing.
Projects vary in their level of maturity—and by
extension their risk of nondelivery: some are fully
validated and have already issued several vintages,
while others are still working on documentation

and starting operations. This purchasing strategy
introduces more delivery risk and contractual
complexity, which often requires extensive and costly
due diligence to manage. However, buyers who are
able to take this approach will be at the forefront of
superpollutant mitigation directly supporting the
generation of new climate benefits.

Investing directly in a project, especially when paired
with a future offtake agreement, can help provide
catalytic capital that supports project scale-up,

which is often a significant hurdle for early-stage
projects. Investing directly also gives the buyer deeper
influence over project design and governance but is
the highest-risk undertaking. It requires a strong
understanding of carbon markets and significant
resources to engage in robust due diligence prior to
making an investment decision.

Expanding the strategy:
Portfolios and ecosystem
support

Most buyers will purchase spot credits, especially
lower-volume purchasers. Larger, sophisticated
buyers can blend all three strategies, using spot
purchases to cover near-term claims and offtakes
and/or long-term investing to anchor strategic,
high-quality projects over the medium to long term.
Buyers can also mix superpollutant and CO,-based
credits into one portfolio, which diversifies risk across
categories and supports a wider range of co-benefits
and local impact. Several intermediary companies in
the market already provide high-quality portfolio-
style options to buyers, which considerably lowers the
capability threshold for buyers.

Finally, with or without buying credits directly,
companies can act as strategic partners to project
developers by providing host sites, advice,
connections, technologies, R&D, referrals, and shared
due diligence with other companies and investors.
Companies can also catalyze wider superpollutant
mitigation by sharing their experiences, publishing
best practices, and demonstrating real-world
outcomes. This leadership builds market traction and
generates interest from a broader circle of companies
and investors while legitimizing these climate actions
by showcasing verified results.
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Selection: What
to Look forin
Superpollutant
Credits

With so many varieties of superpollutant credits
available, choosing which credits to include in
purchases can be daunting. Numerous criteria can
be applied to the selection process, and many of
these would apply to any carbon credit type. Issues
such as quality, additionality, durability, and leakage
cut across all categories. Buyers should weigh their

own risk appetite, budget, and available contracting
mechanisms; their preferences on location, industry,
marketability, and co-benefits; and their timing and
capacity for due diligence and review.

What differs for superpollutants is the purpose of the
screen. Here, the goal is to select project types that
can help scale deployment over the next five years and
contribute to near-term climate stabilization. A five-
year lens favors projects where credits do more than
pay for abatement: they build supply, absorb early
risk, and create momentum for broader adoption
and/or regulation. It also implies some tolerance for
project types that are still maturing, provided the
path to volume is visible and the barriers to scale are
surmountable.
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The Carbon Containment Lab proposes the following four categories of selection criteria for
superpollutant credits which are also further detailed in Appendix E:

%

\%

\%

Scalable. The project type has the technical and market potential for widespread application,
replication, future cost reduction, and, therefore, impact on warming. The constraint for
superpollutants is not generally whether abatement is technically possible, but whether the same
intervention can be delivered multiple times. Five key factors drive scalability: 1) the size and
accessibility of the source of emission in aggregate; 2) the technical and methodological readiness
of the mitigation measure; 3) repeatability across geographies and asset classes; 4) the absence of
binding input, supplier, or workforce constraints; and 5) the ability to absorb capital in a way that
unlocks a larger pipeline. Given the potency of superpollutant gases, even small and dispersed
sources are worth accessing, provided a collection and verification pathway exists.

Value. The project has strong unit economics and a credible path to economies of scale. Credits
with higher value have a cost structure that is understood, defensible, and likely to improve with
volume. Co-product revenues can add economic resilience, provided they do not raise concerns
about financial additionality or risk double counting of the environmental attributes. Price

and cost transparency matter, and verification and diligence costs should be reasonable both
absolutely and as a share of credit value.

Quality. This category overlaps substantially with common carbon market criteria, and
superpollutant credits tend to score comparatively well because the abatement is typically a
discrete, measurable, and physically irreversible event. Five aspects warrant particular attention:
1) additionality, which carries unusual weight where compliance obligations vary by jurisdiction
and change quickly; 2) net climate benefit assessed across the full life cycle, including trade-offs
between gases; 3) timing of impact, since superpollutants share potency but range in atmospheric
lifetime, and some methodologies issue credits up front for avoided emissions long in the future;
4) safeguards against perverse incentives, which are a structural risk in a class of gases where the
same actors often control both production and abatement; and 5) the potential to deliver co-
benefits, which functions as an integrity and maturity signal as much as a marketing one.

A path to policy. The project ideally builds capacity for future regulation. Superpollutants
include some of the most heavily regulated classes of greenhouse gas, and voluntary carbon
finance is transitional toward broader policy. Carbon finance can provide the funding to

support innovation, evolve technologies, improve MRV systems, and reduce costs for new
approaches. Policymakers can then point to these advances to justify regulations that scale

action and impact.” For existing, mature technologies, carbon finance can also help to finance
the infrastructure, data, and institutional capacity that regulation needs to function in the
window before mandates arrive or in jurisdictions where they have not yet been written. Projects
developed with this path to policy in mind should also have a crediting period scoped to expected
policy timelines or with cutoffs sensitive to new regulations.
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Making Climate
Impact Claims with
Superpollutant Credits

Companies should also consider their strategy for
using credits in climate impact claims, especially given
the considerations discussed in Chapter 4: Value
Chain. Companies can use credits to offset emissions
to reach net zero or make a “contribution claim” (see
guidance from SBTiand VCM]I, listed in Box “For
companies new to carbon credits” on page 70).

Since many superpollutants have a strong—but
shorter-lived—effect on the atmosphere compared
with carbon dioxide, the effect of avoided warming
from one superpollutant credit is felt for a shorter
time than the warming impact of the metric ton of
CO, emitted that it may be used to offset. Rather
than treating this as a limitation, forward-thinking
portfolio approaches use it as a structural feature.

Strategies include stacking credits either horizontally
or vertically to neutralize not just net emissions

but also their total warming impact over time. By
vertically stacking credits, a buyer purchases multiple
shorter-duration credits up front. By horizontally
stacking credits, buyers replace each short-lived credit
with another credit when its impact on warming
ends.’” Companies can secure these credits through
forward purchase agreements or by establishing an
escrow-type account to ensure that funds are available
to purchase future credits. Google is a leading example
of this approach, proposing a common metric of
sustained warming neutralization that translates

the climate impact of both shorter- and longer-lived
emissions into a single metric.!*

Temperature impact-based approaches, metrics

and portfolios are still emerging and being tested.
However, in the near term they can help to address
durability or volatility concerns, mitigate risks
through diversification, and address concerns of
taking short-lived mitigation actions against long-
lived emission liabilities. Regardless of the structure,

when used well, superpollutant credits can absorb
near-term volume and cost pressure and reduce the
burden on CDR and nature-based VCM projects to
meet climate goals in a period when those project
types are still scaling.

Buyer Call to Action

Fully utilizing the VCM means both purchasing more
available superpollutant credits today via the spot
market and—if there is capacity—buying forward
and investing to help build tomorrow’s supply. In
both cases, the selection criteria outlined above
should guide buyers on which credits and projects
to prioritize. Credits that meet these criteria are
more likely to deliver the outcomes superpollutant
mitigation is best positioned to offer: genuine, near-
term reductions in warming impact. A portfolio
approach is more defensible than attempting to
optimize for any single criterion.

Companies can also act as project hosts, contribute
to R&D, innovate on MRV systems, and share their
experiences and best practices to help build the field.

Carbon markets are best understood as a bridge and
a financing mechanism rather than an end state.
The trajectory of renewable energy is instructive:
carbon finance helped attract early capital, build
infrastructure, and bring down costs to the point
where renewables now largely compete on their
own economics, without needing carbon markets to
remain viable. Superpollutant mitigation can follow
a similar path. Sustained buyer engagement today,
through both spot and forward purchasing, can
accelerate the point at which refrigerant recovery,
methane capture, and nitrous oxide abatement
become standard practice: supported by policy,
embedded in ordinary business operations, and no
longer reliant on carbon credit markets to justify their
economics.
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Checklist 2: Voluntary carbon market checklist for
companies

Next 12-24 months period:

Review the superpollutant mitigation measures reachable through carbon markets today—see Appendix B on Mitigation
Measures.

Confirm how carbon credits can be used toward your company’s climate targets and claims, such as toward a net-zero
target or a contribution claim, and in relation to key standards.

Screen candidate projects against criteria at the project level (using ratings rather than the category average).
Make a spot purchase of a recommended superpollutant credit type directly, or via a broker, platform, or aggregator.
Open a conversation with at least one project developer about a forward offtake.

Act as a strategic partner to project developers by offering host sites, technical input, research and development support,
referrals, and shared due diligence.

O OO0O0 O 0O

Publish results and lessons learned, since demonstrated outcomes attract the next tranche of buyers.

By 2030:
D Review holdings against rules and policies arriving through 2030, which will erode the additionality of credits.

D Build a portfolio that blends spot, forward, and direct investment across superpollutant and CO, pathways.

D Move a defined share of credit purchasing into multi-year forward agreements or direct project investment, accepting
greater delivery risk in exchange for bringing new mitigation online.

D Determine whether the shorter atmospheric lifetime of superpollutants is material to the intended claim, and if so,
whether vertical or horizontal stacking is the appropriate response. Potentially establish a ring-fenced or escrow-type
fund where horizontal stacking is part of the approach, so that successive purchases are financed rather than merely
intended.

Support methodology development for pathways the market does not yet serve well.

OO0

Act as a strategic partner to developers by offering host sites, technical input, research and development support,
referrals, and shared due diligence.

D Publish results and lessons learned, since demonstrated outcomes attract the next tranche of buyers.
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Policy engagement is the third lever that companies
can pull to enhance the scale and impact of
superpollutant action. Policy substantially shapes
how quickly superpollutant mitigation can scale,

how durable corporate action will be, and the size

of the overall impact. Policy encompasses the full
range of instruments through which governments
and international bodies set expectations and enable
action, from binding regulations and emissions
standards to national climate plans and pledges. The
Carbon Containment Lab also includes voluntary
frameworks with public accountability, such as the
Global Methane Pledge, in our definition of “policy,”
since they often precede or substitute for mandatory
rules. Moreover, cap-and-trade compliance programs
are also included as policy, such as the EU Emissions
Trading System (EU ETS), Australia’s Safeguard
Mechanism, and regional approaches such as
California’s Cap and Trade Program and Washington’s
Cap-and-Invest program.'”
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Superpollutant policy differs from carbon dioxide policy in three important aspects.

%

First, superpollutant policy is closely tied to multiple near-term benefits, making

a stronger case for political action. For example, methane reductions can deliver rapid

climate relief while reducing ozone-related crop losses and avoiding premature deaths due to

air pollution.!*® F-gas and efficient cooling policies can reduce peak electricity demand. LRM
improves cooling resilience in rapidly warming regions.!*' Reductions in black carbon, such as
switching from diesel to electric vehicles, can immediately alleviate public health and air-quality
problems associated with particulate matter.'*? Nitrogen management policies can respond to
water quality, biodiversity, fertilizer efficiency, food security, and nitrous oxide emissions at the
same time.'®> Companies that connect their superpollutant strategies to these multiple benefits are
more likely to find receptive policymakers and community partners.

Second, superpollutants are a diverse class of pollutants, and that diversity is reflected

in how they are governed. Unlike carbon dioxide, which is governed under a single overarching
framework (Paris Agreement),'** superpollutants are addressed through a patchwork of
international agreements, sector-specific frameworks, and national policies, with some pollutants
falling under multiple regimes.'*® Each pollutant has distinct physical and chemical characteristics,
mitigation pathways, and institutional authorities. The result is an interconnected but fragmented
policy landscape with no single treaty governing all superpollutants, limited understanding of the
trade-offs that can exist between mitigation measures, and an accounting and metrics system that
undervalues their climate impacts and the mitigation opportunity relative to CO,. For companies,
this fragmentation means tracking separate policy trajectories across pollutants.

Third, exposure to superpollutant policy is often distant from the company’s own direct
operations, residing in value chains—upstream, downstream, or even outside of them.

A technology company procuring data center cooling equipment faces F-gas quota constraints
at its equipment supplier, not in its own facilities. A food and beverage company sourcing from
livestock or fertilizer-intensive agriculture carries methane and nitrous oxide exposure in its
supply chain, not on its balance sheet. Consequently, companies that engage early with suppliers,
contractors, and sourcing regions are better positioned for future policy changes than those
waiting for direct regulatory pressure.
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Superpollutant policy landscape today

Superpollutant policy is moving from voluntary ambition and pledges toward compliance and implementation,
but through different pathways. F-gases are governed through a mature treaty-backed architecture; methane
policy is accelerating through national and sector-specific rules; and nitrous oxide, tropospheric ozone, and
black carbon are still governed largely through fragmented, indirect, or emerging frameworks. At the same
time, superpollutants are increasingly being incorporated into national climate policy through Nationally
Determined Contributions (NDCs). As of August 2026, 149 countries had submitted NDC 3.0, with many
strengthening the inclusion and specificity of methane, black carbon, nitrous oxide, and HFC mitigation
measures.'*® Across all of these policy areas, the Climate and Clean Air Coalition (CCAC) is an international
platform for translating political commitments into national action, supporting governments with scientific

and technical assistance, financing, and partnership opportunities that no single treaty currently provides.

TABLE 10: THE CURRENT SUPERPOLLUTANT POLICY LANDSCAPE: SNAPSHOT

Corporate

Superpollutant
exposure

Core policy
architecture

Policy
maturity

Policy pathway

167

Near-term implications
for companies

Energy procurement,

Global Methane Pledge,
IMO methane measures,
Nationally Determined

Accelerating,

Moving from

Methane is a compliance,
market-access, and

oil and gas suppl e but uneven voluntary pledges supplier-performance
) 9 Rp y Contributions (NDCs), y.p . 9 . PP P .
Methane chains, coal mines, . across sectors toward binding issue, especially where
. national methane plans, .
agriculture, waste OGMP 2.0. agriculture and geogra- national and sectoral measurement-based
facilities, wastewater . . 9 phies regulation reporting and import
and industrial sector-
- standards emerge
specific rules
Residential and
. Montreal Protocol and Treaty-backed
commercial . - .
its Kigali Amendment, phasedown Companies face near-
HVAC systems, . . .
. . Global Cooling Pledge, . translated into term compliance and
refrigeration, NDCs, national HFC Relatively uotas, equipment  procurement decisions
F-Gases cold chains, data ’ mature and q » equip

centers, electricity
infrastructure,
semiconductors, fire
suppression

rules (e.g., U.S. AIM Act,
EU F-gas Regulation),
and national cooling
action plans

enforceable

standards, leak
rules, procurement
requirements, and
domestic regulation

as high-GWP refrigerants
become scarcer, costlier,
and more restricted

Food and agriculture,
nylon and chemicals,
polyurethane foams,
wastewater, and
selected healthcare
uses

Nitrous Oxide

Colombo Declaration
on Sustainable
Nitrogen Management,
Global Nitrous

Oxide Assessment,
Gothenburg Protocol,
NDCs, national nitrogen
management initiatives
for industrial and
agricultural sectors

Emerging with
clear industri-
al mitigation
opportunities

Stronger industrial
regulations and
agricultural nitrogen
management

Industrial nitrous oxide
can move quickly through
supplier standards, while
agricultural nitrous

oxide requires earlier
engagement on nitrogen-
use efficiency and MRV

Continued >
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Superpollutant

Corporate
exposure

Core policy
architecture

Policy
maturity

Policy pathway

Near-term implications
for companies

Tropospheric
Ozone

Transport and
logistics, industrial
facilities, solvents,
petrochemicals,
agriculture, methane-
intensive supply
chains

Gothenburg Protocol,
Convention on Long-
range Transboundary
Air Pollution, WHO
Air Quality Guidelines,
NDCs, regional and
national air quality
standards, and NO,/
VOC rules

Stronger as air
quality policy
while slowly
emerging as
climate policy

Governed indirectly
through controls on
precursor pollutants,
including nitrogen
oxides, non-methane
volatile organic
compounds, carbon
monoxide, and
methane

Companies already
reducing nitrogen

oxides, volatile organic
compounds, and methane
can make tropospheric
ozone benefits explicit
and support integrated
climate and air-quality

policy

Black Carbon

Freight, shipping,
diesel fleets, mining,
construction,
manufacturing supply
chains, agricultural
burning, cookstoves

Gothenburg Protocol,
Convention on Long-
range Transboundary Air
Pollution, Arctic Council,
IMO standards, NDCs,
regional and national
PM2.5 and air quality
standards, Euro VI
(EU), EPA HD nitrogen
oxide rules (U.S.), Clean
Cooking Initiatives,
Malé Declaration, Acid
Deposition Monitoring
Network in East Asia

Relatively
stronger as
air quality and
health policy,
and slowly
emerging as
climate policy

Governed mostly
through air-quality,
diesel, shipping,
fuel, combustion,
and technology
standards

Corporate effort needed
on clean transport,

fuel quality, particulate
controls, and supplier
standards. Companies
already transitioning to
electric vehicles can also
describe the contribution
to black carbon
mitigation

This uneven landscape calls for selective policy engagement by companies that have a strategic interest in
ambitious implementation or even new business lines that can serve these new markets. Companies with
investments in cleaner operations, equipment, and supply chains are undermined when markets face weaker
or unenforced standards or when lobbying by industry associations favors another direction. Where rules
already exist, as with F-gas policies, the priority is implementation, enforcement, and resistance to rollback.

Where ambition is strong but regulation remains uneven, as with methane, companies can use a combination
of voluntary action and active policy engagement by adopting rigorous measurement and abatement practices
while advocating for the binding standards, MRV requirements, and finance mechanisms that convert political
pledges into enforceable market expectations. Where governance remains fragmented, as with nitrous oxide,
tropospheric ozone, and black carbon, companies can advocate for these pollutants to be included in NDCs,
national action plans, and stronger sector standards. Consistent, quantified targets support compliance
strategy and create a level playing field across markets. Companies can also push for change in their own

value chains.
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Corporate action in superpollutant policy

The most useful corporate role varies by superpollutant and market, but the same set of engagement strategies
could apply across all superpollutants and geographies.

TABLE 11: CORPORATE ACTIONS IN ACCELERATING SUPERPOLLUTANT POLICY

Corporate Most relevant . .
. Purpose . Actions companies can take

policy role policy context
Advance market commitments
Strike offtake agreements

— Mature or semi-mature polic i i

Support Turn existing : p. . y Support public and blended finance

- . . . environments where ambition . . .

implementation commitmentsintoreal . . . Co-invest in supplier upgrades

dfi emissions reductions exists but implementation

andfinance capacity has been slow Participate in implementation partnerships
Back technical assistance
Engage with multilateral banks to co-invest
Advocate for clear sectoral standards, timelines,

Advocate for Convert corporate

strong sectoral
standards and
MRV

best practice into
enforceable market
expectations

Sectors where rules are
developing but coverage remains
uneven

MRV requirements, leak detection rules, equipment
requirements, and sector-specific emissions limits

Participate in technical working groups and standards
consultation

Use procurement
to drive policy

Demonstrate that
higher standards are
commercially feasible
and help to build

the market for new
solutions

Markets where regulation is
emerging and/or where suppliers
need demand certainty to invest

Publish procurement specifications, require supplier
performance thresholds, aggregate demand with
peers, support and respond to public procurement
efforts

Share implementation evidence with policymakers
who themselves work on sustainable public
procurement

Bring underaddressed
superpollutants into

Elevate Nit ide. t heri
NDCs’ consultation Itrous oxide, tropospheric Advocate for explicit targets, sector pathways,
superpollutants ) ozone, black carbon, and . . . .
. . processes, regional o implementation plans, and multiple benefits
into climate . underspecified F-gases or . . . .
. policy arrangements, th | accounting for air quality, health, and food security
planning national action plans, methane plans
and sectoral strategies
] . Ensure corporate i Review trade association positions, oppose rollbacks,
Align lobbying oolitical activity Policy areas where support ambitious implementation timelines
and trade implementation is contested or

associations

supports stated
climate goals

standards face delay

Disclose alignment between climate commitments
and policy advocacy
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Policy is a force multiplier for value chain
interventions and carbon market strategies. Well-
designed methane policies, F-gas regulations, nitrogen
strategies, air-quality rules, and measurement systems
create enabling conditions for project pipelines,
high-integrity carbon credits, supplier transitions,
and finance solutions. Policy also creates consistency
and standards that promote trust and verifiability

for secondary markets. Value chain interventions

then generate evidence about costs, barriers, supplier
incentives, and multiple benefits. Carbon market
participation fuels demand for high-integrity project
types and methodologies and pays for building core
MRYV and other physical infrastructure. Policy uses
the evidence of commercially achievable higher
standards and demand to make further action easier,
more secure, and cheaper. The roadmap’s three levers
are complementary and form a strong feedback loop.

Methane illustrates the feedback loop between
policy, value chain and voluntary carbon market
(VCM) most clearly: companies that improve
methane performance across operations and supply
chains generate the implementation evidence that
regulators need to set measurement-based standards.
Meanwhile, high-integrity credit purchases aligned
with national methane plans create demand signals
that justify new project investment. The dynamic

is consistent across all superpollutants. Companies
that approach these three levers as one integrated
system are better positioned to contribute to near-
term warming reduction and protect the value of the
actions they have already taken.
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Checklist 3: Superpollutant policy action checklist
for companies

Next 12-24 months period:

O

O O O

O O O O

O

Map where each superpollutant emission arises across the company’s operations, procurement categories, and priority
suppliers.

Identify the policies in key markets that already affect those sources or are likely to do so before 2030, including methane
rules, F-gas regulations, nitrogen measures, and air-quality standards.

If the company has compliance obligations in regulated cap-and-trade systems, prefer buying superpollutant mitigation
credits to meet obligations.

Prioritize the superpollutants and jurisdictions that create the greatest combination of regulatory exposure, value-chain
risk, and mitigation opportunity (e.g., EU Methane and F-Gas Regulation, China’s HFC controls, U.S. HFC phasedown,
NDCs under the Paris Agreement, tightening diesel-emission standards and Arctic shipping regulations).

Review the company’s current public-policy positions, advocacy, and trade association memberships for alignment with
its climate and superpollutant goals.

Issue internal guidance for government affairs, sustainability, procurement, and legal teams on which superpollutant
policies the company will support, monitor, or avoid undermining.

Choose one or two active policy processes where the company can add value, such as sectoral methane regulations,
national cooling action plans, nitrogen management, criteria air pollutant mitigation and/or air-quality regulations.

Use procurement and supplier management to show that higher standards are feasible—for example, by buying certified
lower-emission natural gas, requiring methane measurement, selecting low- or zero-GWP cooling equipment, and buying
cleaner, verified commodities.

Join or deepen participation in credible implementation-focused initiatives, such as CCAC Hubs, OGMP 2.0, or relevant
sector platforms.

By 2030:

O

Embed superpollutant policy action into the company’s climate and sustainability work, with named executive

responsibility and regular board visibility.
Publicly disclose the company’s approach to supporting the implementation of key superpollutant actions.

Adopt a formal policy stating that lobbying, trade association activity, and political spending will not be used to delay,
weaken, or oppose science-aligned superpollutant policy.

Integrate superpollutant expectations into procurement standards, supplier scorecards, transition plans, research and
development plans, and capital allocation processes.

Review progress annually and update the company’s policy priorities as regulations, market signals, and sector pathways
evolve.
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onclusion

Superpollutants are the most immediate, cost-
effective, and scalable opportunity to slow near-term
warming and reduce the risk of reaching dangerous
climate tipping points. The science is settled enough
to act on, the levers proven, and the tools mostly
exist today. What is missing is not knowledge or
technology. It is corporate action at scale.

Superpollutants account for roughly half of today’s
warming. Since they leave the atmosphere within
years or decades, cutting them slows warming on a
timeline that carbon dioxide mitigation measures
cannot touch. This roadmap’s forward-looking
modeling demonstrates just how much is at

stake: roughly half of the warming prevented on a
2°C-consistent pathway comes from superpollutants.
Companies readily name these gases but rarely
commit to reducing them. Outside of oil and gas,
where regulation has already compelled target-
setting, superpollutant targets remain nearly absent.
This roadmap sets out to address that mismatch
between sources of warming and existing efforts.

The chapters laid out three reinforcing ways to

close it: reducing emissions inside the value chain,
financing verified mitigation through the voluntary
carbon market, and engaging on the policies that
make both durable. These are not three separate
tactics, but one integrated strategy: value chain action
generates the evidence; market participation supplies
the finance; and policy engagement turns both into
lasting rules applied to all. This strategy is already
working in practice: the companies that launched

the Superpollutant Action Initiative demonstrate

as much. The pathfinders are showing the gap is
closable. What remains is to close it at scale and with
more urgency.

The gap will not close on its own. The near-term,
superpollutant-driven warming is happening now,

and the window to bend that curve spans years, not
decades. Governments are moving, but unevenly and
slowly; voluntary markets are maturing, but remain
thinly capitalized and volatile. Corporations hold
what this moment requires: the catalytic capital, the
procurement leverage over the supply chains where
these emissions are concentrated, and the standing
to make superpollutant action a normal expectation
rather than a rare exception. On the current
trajectory, the targets the world has set will not be
met. They can be—if the companies with the means
decide to act.

The rules are also changing in ways that make

the choice less optional than it once was. Under
the revised science-based target architecture,
superpollutant emissions such as fugitive methane,
refrigerant leakage, or industrial F-gases will move
from the margins to the center of the target for
larger companies.

The case for tackling superpollutants only grows
stronger with time. Measurement is improving,
sharpening accountability and derisking investment.
The set of credible, near-term actions is expanding
as science advances and entrepreneurs deploy new
solutions. And the stakes are rising as a warming
climate pushes natural methane and nitrous oxide
sources upward—making early action more valuable
and waiting more costly.

The opportunity is a rare one. The companies that
move now will help write the standards, secure the
lowest-cost abatement, and protect the value of the
commitments they have already made. Those that
wait will inherit rules written by others and pay more
to meet them. This roadmap is an invitation, but it is
also a challenge. The half of the climate problem that
moves fastest is the half still waiting for corporate
leadership. It is time to take it on.
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Appendix A

Radiative Forcing and GWP Values at 20 and 100 Years

The IPCC introduced the Global Warming Potential
(GWP) concept in its 1990 First Assessment Report,
where its authors described it as a simplified approach
meant to illustrate the difficulty of the underlying
comparison rather than a scientifically settled answer.!
The IPCC has updated the underlying emission factor
values in every assessment report since.

GWP combines physical climate science with

policy judgement. The physical part comes from
radiative forcing, the extra energy a gas traps in the
atmosphere, which can be measured and modeled. It
is computed by considering an instantaneous emission
pulse, determining the radiative forcing as a function
of time following that pulse, summing that radiative
forcing over a chosen time horizon, weighting each
year equally in that sum, and dividing that quantity
computed for a given superpollutant by the same
quantity computed for carbon dioxide. The policy
judgement concerns the appropriate period of time
to include in the sum; there is no objectively correct
value.

Because GWP simplifies complex, time-varying
physics into a single number, it obscures much of the
underlying behavior of the climate system in four key
ways:

1. GWP considers a pulsed emission rather than
a continuous or repeated emission, which
understates the effect of ongoing sources such as
methane or F-gases leaking from infrastructure.

2. GWP considers radiative forcing rather than
temperature change. Temperature change and its
associated impacts are what people and ecosystems
experience.

3. GWP relies on an arbitrarily selected time horizon
(with some superpollutants having very different
GWPDs at different time horizons), which can over-
or under-prioritize near-term versus long-term
effects implicitly.

4. GWP weights each year equally rather than
discounting future years. Discounting is common
in determining the social cost of GHGs and other
metrics such as Net Present Value that cover
multiple time horizons.

A key distinction to bear in mind is the difference
between emissions and climate impacts. Newer
metrics and models in development (such as Hughes
etal., 2026) make it possible to convert emissions
into temperature impacts over time and avoid

many of the shortcomings of GWP and alternative
climate metrics. Alternative metrics to GWP shown
in Table A2 have been proposed to address these
shortcomings, but GWP-100 was the first and still is
the most popular metric. It continues to be a useful
tool for making quick, standardized comparisons
between the impact of different projects designed to
reduce emissions of different GHGs. It is also required
in many policy frameworks and agreements such as
the Paris Agreement.
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TABLE A1: RADIATIVE FORCING AND GWP VALUES AT 20 AND 100 YEARS FOR SELECT GREENHOUSE GASES (GHGS)

GHG or Class of GHG Radiative Forcing (W/m2) Types GWP-20? GWP-1002
Carbon Dioxide (CO,) 2.3338 1 1
Methane (CHa) 0.567 Fossil 82.5 29.8
Non-fossil 79.7 27
Nitrous Oxide (N.O) 0.226° 273 273
Black Carbon (BC) — see Note 0.3* n/a® n/a®
Tropospheric Ozone — see Note 0.40¢° n/a n/a
Chlorofluorocarbons (CFCs) 0.2987 CFC-12 12700 12500
CFC-11 8320 6230
CFC-113 6860 6520
CFC-114 8260 9430
CFC-115 10 9600
CFC-13 12400 16200
CFC-114a 7510 7420
CFC-113a 5110 3930
CFC-112 5620 4620
Hydrochlorofluorocarbons (HCFCs)  0.06° HCFC-22 5690 1960
HCFC-141b 2710 860
HCFC-142b 5510 2300
HCFC-123 325 90.4
HCFC-124 2070 597
HCFC-225ca 491 137
HCFC-225chb 1960 568
HCFC-21 575 160
HCFC-133a 1370 388
HCFC-31 286 79.4
Hydrofluorocarbons (HFCs) 0.048° HFC-134a 4140 1530
HFC-125 6740 3740
HFC-143a 7840 5810
HFC-32 2690 M
HFC-23 12400 14600
HFC-152a 591 164
HFC-227ea 5850 3600
HFC-245fa 3170 962
HFC-236fa 7450 8690
HFC-365mfc 2920 914
Hydrofluoroolefins (HFOs) Negligible™ HFO-1234yf 1.81 0.501
HFO-1234z¢(E) 4.94 1.37
HFO-1336mzz(2) 748 2.08
HFO-1336mzz(E) 64.3 17.9
HFO-1234ze(2) 143 0.315
HFO-1225ye(Z) 1.24 0.344
HFO-1225ye(E) 0.426 0118
HFO-1243zf 0.94 0.261
HFO-1132a 0189 0.052
HFO-1447fz 0.847 0.235
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Perfluorocarbons (PFCs) In AR6 halog. total™ PFC-14 5300 7380
PFC-116 8940 12400
PFC-218 6770 9290
PFC-C-318 7400 10200
PFC-31-10 7300 10000
PFC-41-12 6680 9220
PFC-51-14 6260 8620
PFC-61-16 6120 8410
PFC-71-18 6010 8260
PFC-91-18 5480 7480

Sulfur Hexafluoride (SFs) ~0.007" 18200 24300

Nitrogen Trifluoride (NF;) Negligible™ 13400 17400

Note on Black Carbon:

Black carbon is not assigned a GWP or compared to well-mixed greenhouse gases on a carbon-equivalency basis. Unlike CO, and other gaseous superpollutants,
black carbon is a short-lived aerosol whose climate effects depend strongly on when, where, and from what source it is emitted, as well as its altitude, interactions
with clouds, and atmospheric aging and mixing. These factors vary across regions and seasons, producing localized “hotspots” of radiative forcing. Black carbon is
also co-emitted alongside other pollutants—such as organic carbon and sulfur dioxide—that can have opposing climate impacts, meaning the climate impact of an
intervention depends on the full emissions profile, rather than the mass of black carbon alone.

These characteristics make GWP poorly suited to represent black carbon’s climate impact. GWP compares emissions on a mass basis, effectively treating one

ton of black carbon as equivalent to one ton of CO,. Yet black carbon’s radiative forcing depends on the size, shape, distribution, and atmospheric processing of
particles, all of which vary by source and location. This means that equal quantities of black carbon produce very different radiative forcing values. The black carbon-
to-CO,e conversion is therefore not a fixed physical constant, making black carbon and CO, unsuitable for direct comparison. The CCAC Scientific Advisory Panel
recommends treating black carbon and CO, as separate, complementary mitigation targets rather than combining them into a single equivalency metric. Black
carbon reductions are better reported in mass terms and evaluated at the source or intervention level, accounting for co-emitted warming and cooling species.

Note on Tropospheric Ozone:

Tropospheric ozone is not assigned a GWP or compared to well-mixed greenhouse gases on a carbon-equivalency basis. Unlike CO,, tropospheric ozone is not
directly emitted; it is a secondary pollutant formed through photochemical reactions among precursor gases (methane, nitrogen oxides (NOx), carbon monoxide,
and non-methane volatile organic compounds (NMVOCSs)) in the presence of sunlight.* Given that its formation depends on the local mix and ratio of precursors,
background atmospheric chemistry, temperature, and sunlight, the same precursor emissions can yield very different ozone and radiative forcing outcomes
depending on where and when they occur® It is also short-lived in the atmosphere. These factors produce in turn regional concentration “hotspots” rather than the
globally well-mixed distribution that GWP methodology assumes.

GWP is therefore poorly suited to represent tropospheric ozone’s climate impact. The IPCC'’s Sixth Assessment Report classifies ozone as a “direct” short-lived
climate forcer but assesses its precursors (NOx, CO, NMVOCs) as separate “indirect” forcers, reflecting that ozone’s own warming contribution cannot be pinned
to a single emitted mass. The IPCC has correspondingly not published a GWP for ozone, and UNFCCC Parties have not agreed on one, but rather on frameworks
for their reduction.®
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TABLE A2: EMISSION METRICS AND ALTERNATIVE APPROACHES TO QUANTIFYING THE CLIMATE IMPACT OF DIFFERENT
GREENHOUSE GASES

Metric

What it Measures

Pro

Con

Global Warming
Potential (GWP)

Cumulative radiative forcing from
a pulse, relative to CO,, over a
fixed horizon

Simple, universal, backward-
compatible with decades of
policy and reporting

Pulse assumption and arbitrary
horizon choice of typically 100
years (GWP-100), and sometimes
20 years (GWP-20)

Global Temperature-
change Potential
(GTP)

Temperature change at the end
of the horizon, relative to CO,,
from a pulse

Answers “how much warmer”
rather than “how much forcing;
closer to what policy cares about

Only looks at one moment

in time, so it can understate
warming that peaks and declines
before the horizon ends; more
model-dependent

Combined/
Cumulative Global
Temperature-change
Potential (CGTP)

Compares the endpoint
temperature from a step
(sustained) change in a short-
lived pollutant’s emission

rate against the endpoint
temperature from a pulse of CO,

Extends GTPto handle a

changing emission rate rather
than a one-off pulse applied to
the temperature-based metric

Newer and much less used,

so less standardized reporting
infrastructure; units differ from
GWP (years, not dimensionless)

GWP-star (GWP¥)

CO,-equivalent from a change
in a short-lived climate forcer
(SLCP) emission rate, not its
absolute level

Matches short-lived GHGs’
actual temperature behavior
better than GWP-100 for stable
or declining emissions

The same emission event scores
differently depending on the
emitter’s own history

Absolute GWP/
Absolute GTP
(AGWP/AGTP)

The absolute (not CO,-relative)
building blocks underneath GWP
and GTP

Useful if you want forcing/
temperature units directly, or
want to build your own ratio

Not a usable comparison
metric on its own—it is the
raw ingredient, not the finished
product

Global Damage
Potential (GDP)

Tying the metric choice explicitly
to an economic discount rate
rather than a time horizon

Makes the “it is a policy choice”
point concrete, since horizon =
discount rate

Requires picking a discount rate
and a damage function, which
just relocates the same value
judgment

Present Global
Warming (PGW)

Cumulative radiative forcing,
relative to CO,, discounted
exponentially at a fixed rate

Similar to GWP, but replaces
arbitrary selection of time
horizon with the same discount
rate used for social cost of
carbon, net present value, and
other metrics. Identical results
for pulsed and continuous
emissions

Newer and much less used.
Requires selecting a discount
rate, which is widely studied
and broadly applicable but still
controversial

Temperature
over time

Temperature change caused

by the elimination of a given
gas, in every year following that
intervention

Scientifically accurate, showing
exact impact on temperature
on every timescale and enabling
apples-to-apples comparison of
action on gases with different
lifetimes

Newer and more innovative
approach still being built into
market infrastructure, led by
emergent scientific work
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Selecting Superpollutant Measures

Superpollutant Mitigation Measures
Database

In July and August 2026, the Carbon Containment
Lab researched and compiled a database of 204
superpollutant mitigation measures. These measures
are systematically organized by target gas and
classified by typical emission sources, maturity
levels, and suitability for market-based interventions
including the voluntary carbon market (VCM) and
value-chain instruments such as Environmental
Attribute Certificates (EACs).

This database serves as a snapshot in time of a

rapidly evolving space. Because different reference
frameworks describe, bundle, or categorize these
strategies in varying ways, our methodology focused
on defining each measure as distinctly and succinctly
as possible. For expansive structural details and
broader macroeconomic assessments, external
resources such as Project Drawdown provide excellent
reading. This compilation relies on currently available
English-language literature and is not exhaustive or
definitive.

Despite these structural boundaries, this

compiled database showcases a vast, diverse

matrix of technologies, operational practices, and
systemic actions already being actively pursued

by individuals, cooperatives, corporations, and
governments worldwide. Notably, approximately

70 percent of these measures exhibit multi-gas
synergies, simultaneously addressing more than one
superpollutant class or combining superpollutant
reduction with direct CO2 mitigation. In some cases,
mitigation measures can have the unintended effect
of generating other emissions elsewhere. Where these
are prevalent and supported by literature, they are
noted.

The Carbon Containment Lab anticipates
continuously expanding, refining, and updating
this database within a dynamic, online searchable
environment at www.superpollutantroadmap.org
and looks forward to learning about and featuring
additional measures and data as the space evolves.

See the latest database of superpollutant
mitigation measures at:
superpollutantroadmap.org
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Summary Statistics

FIGURE A1: PROPORTION OF ALL IDENTIFIED MITIGATION MEASURES BY PRIMARY SUPERPOLLUTANT ADDRESSED
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Oxide

F-Gases
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FIGURE A2: MITIGATION MEASURES IDENTIFIED WITHIN EACH EMISSIONS SOURCE TYPE
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TABLE A3: FIELD DEFINITIONS

Primary Superpollutant

The primary gas being mitigated through the measure.

Other Superpollutants
Addressed

Other superpollutants mitigated through the measure in addition to the primary
superpollutant.

A physical measure taken to mitigate superpollutants (not a financing, policy, or enabling

Mitigation Measures .
mechanism).

A classification of the main sources of superpollutants to align with the IPCC Guidelines for

Source Type National Greenhouse Gas Inventories. In some cases these are tailored to describe the sub-
sector most closely tied to the mitigation measure.
. Avalue between one and six indicating how developed, reliable, and ready a technology or
Maturity Level . . . . .
process is for widespread use. Each level is further defined in Table A4.
Justification of Maturit e . .
Level Y Justification for the level of maturity assigned to each measure.

Availability of methodologies in the Voluntary Carbon Market which incentivize this measure.
Active indicates one or more active methodologies; Inactive indicates methodologies that have
been retired or invalidated; In development indicates methodologies in progress; Not Available
indicates a lack of all of the above.

Voluntary Carbon Markets
Status

This column shows which market-based value chain actions might be appropriate for the
measure, including: a standard existing for an EAC or Book and Claim system; a standard is in
development; the activity is well suited to supplier engagement; or the activity is unlikely to be
suited to these mechanisms.

Value Chain Market
Mechanisms

Maturity level definitions and related corporate actions

The superpollutant mitigation measures identified reflect diverse levels of technological and commercial
maturity. Some established solutions are already standard practice or codified within compliance regimes, such
as Best Available Control Technology (BACT) standards under the U.S. Clean Air Act. Other measures are
widely known but unevenly implemented globally or regionally. On the other end of the spectrum, frontier
measures remain in the conceptual or laboratory phase, requiring robust R&D and field deployment before
their economic and physical viability can be fully quantified.
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Corporations are essential stakeholders across this spectrum, but their investment capital provides the highest
leverage when deployed to scale bridging technologies in the Maturity Level 3-5 bracket; and in helping
measures in Maturity Level 6 become global market standards through policy.

TABLE A4: MATURITY LEVEL DEFINITIONS AND EXAMPLES

Activities at this

Mechanism of

Example Strategic

Maturity Level
aturity Leve Maturity Level Corporate Action Corporate Action
Laboratory-scale testing, academic Fund university labs or early-
research, and theoretical modeling. *R&D Funding (internal) stage accelerators directly to

1. Concept & . . .

Research Low Technology Readiness Level eSponsored Research (external) prove basic chemistry and unlock
(TRL1-3); high financial and eSponsor Innovation Prizes the intellectual property needed
technical risk. for new technologies.

Small !:)ilot plan.ts, prototype «Corporate Venture Capital Invest seed. equity through CVC

2. Proof of modellng,. anq Ilfe-cyclg assessment (CVC) investment arms to build eai1rly protot.ype

S Tec: (LCA) projections. Medium-low e Host-Site Provision hardware. Provide an active

readiness (TRL 4-6); economic
viability unproven.

eSponsor Innovation Prizes

physical corporate asset to host
the first field pilot.

3. Demonstration
& Early
Deployment

First-of-a-kind commercial projects,
early regulatory approvals, and niche
adoption. Medium-high readiness
(TRL 7-8); relies on subsidies,
grants, or early adopters.

*Project Equity Investments

¢\/CM Forward Offtake
Agreements

Invest direct equity into first-
of-a-kind (FOAK) infrastructure
facilities. Back this with a VCM
Forward Offtake contract to
guarantee an anchor customer.

4. Early Adoption
& Capital Chasm

Early-stage commercial rollout,
limited to a few pioneering projects
globally; focus on reducing high
initial capital expenditures.

TRL 8-9. It is a chasm because
standard commercial banks view it
as too risky, requiring specialized
infrastructure funds, private equity,
or loan guarantees.

eProject Equity Investments

*\/CM Forward Offtake
Agreements

*Market-Based Instruments
(Book and Claim/EACs)

¢\/CM Spot Market Credit
Purchases

Purchase issued spot market
credits from already-established
projects to offset immediate
corporate footprint gaps while
long-term infrastructure scales

up.

5. Scaling/
Commercialization

Mass manufacturing, standardized
supply chains, declining unit costs,
and policy backing. Mature (TRL
9); Some standard commercial
financing available.

*\/CM Spot Market Credit
Purchases

eSupplier Engagement Programs
eStandards Writing/Engagement

Use procurement mandates
and low-interest supply-chain
financing to force smaller tier-1
and tier-2 partners to adopt
mature, off-the-shelf upgrades.

6. Optimization
& System
Integration

Continuous technological
refinement, circular-economy
recycling of materials, and fully
integrated grid/infrastructure
support.

eSupplier Engagement Programs
(global)

eStandards Writing/Engagement
(global)

ePolicy Advocacy & Regulatory
Support

Lobby for codes, mandates,
and bans/standards to turn
proven Level 5 solutions into
mandatory, industry-wide legal
requirements.
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FIGURE A3: MATURITY OF MITIGATION MEASURES BY SOURCE TYPE
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Modeling Parameters for Chapter 3

Modeling Specifications and Parameters: The
visualizations and statistical analysis presented
within Chapter 3 were completed utilizing the Finite
Amplitude Impulse Response Model (FaIR) version
2.2.4. Sensitivity coefficients for the treatment of
methane were derived from Thornhill et al. (2021)."7
Species were filled, per the documentation, from
both FalR calibration data 1.4.1 and the Reduced
Complexity Model Intercomparison Project, when
possible, to directly reference shared socioeconomic
pathway simulations and to reflect ARG as closely as
possible. The NO, unit conversion fix was also applied
to maintain accuracy.

Visualizations: Figure 3 provides a stacked view

of projected superpollutant and CO, emissions for
SSP2-4.5 and SSP1-2.6. It was created purely through
FaIR simulation and retrieval. Each superpollutant
categorized (methane, nitrous oxide, and all the
simulated ODS and F-gases) was then multiplied

by their AR6 GWP-100 to create a unified CO,e
projection. Figure 4, the temperature projections,

was made by taking the 66th percentile upper bound
of the projections simulated by FalR (to replicate the
definition utilized by the U.Ns terminology of “likely
to stay below”). The middle temperature projection,
representative of the SSP1-2.6 pathway “without”
superpollutant action, was created by transferring the
species emission values of all superpollutants within
SSP2-4.5 to SSP1-2.6.

Pathway Recognitions: Though all modeling

was performed in relation to established Shared
Socioeconomic Pathways, it is important to note that
the Integrated Assessment Models performed to
produce these pathways were formulated before the
Kigali Amendment. As such, its impact on fluorinated
gas emissions is not recognized within SSP2-4.5.
However, the reductions associated with SSP1-2.6,
the deep sustainability transition, assume even
greater reductions than the commitments established
within Kigali, maintaining the conclusion that urgent
reductions in fluorinated gas emissions are necessary.
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Impact on Remaining Carbon Budget: In addition to the modeling described in the main text, we also assess
the impact of incomplete superpollutant contributions to the 2 degrees C pathway to indicate how much extra
CO, reduction would be needed. In other words, we model the world achieving 100 percent, 75 percent, 50
percent, and 25 percent of the assumed action on superpollutants from the 2 degrees C scenario, or SSP1-2.6. In
each case where the superpollutant action is below 100%, we model the additional CO: reductions that would
be required in order to remain below 2 degrees C. We find that each fractional reduction of superpollutant
emissions extends the carbon budget for keeping the world below 2°C by decades (Figure A4).

FIGURE A4: CARBON DIOXIDE EMISSION REDUCTIONS REQUIRED TO STAY BELOW 2 DEGREES CELSIUS BY 2100, GIVEN
INCOMPLETE ACTION ON SUPERPOLLUTANTS

40 Percent achieved of the assumed
reduction in the 2 degrees C scenario
Total CO,
= 25% reduction
0V 50% reduction

= 75% reduction
= 100% reduction

NOTE: Reductions are scaled
20 linearly from 2026-2045, so as
to best match reduction
timelines found in SSP1-2.6.
SOURCE: Carbon Containment
Lab analysis with FalR v.2.2.4

CO, EMISSIONS (Gt CO.e)
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Criteria for Selecting Market-Based Value-Chain Interventions

Value-chain mechanisms can potentially address

the full range of mitigation measures, though some
stand out as the most appropriate (and ready) for
the market-based mechanisms of Environmental
Attribute Certificates (EACs) and Book and

Claim systems, and for certified insetting projects.
As explained in Chapter 4 (Lever 1: Value Chain
Intervention), companies should consider a range of
factors in selecting project types and specific projects,
especially where the resulting climate reductions will
count towards their climate goals under frameworks
such as the SBTi.

In the Mitigation Measures database—available
online at https:/superpollutantroadmap.org—we
selected interventions ready for such mechanisms
using the following criteria:

1. Geographic and Physical Mismatch: The
commodity is too bulky, heavy, or logistically
complicated to source physically (e.g., concrete or
green steel), so decoupling the “green attribute”
from the physical material via a digital certificate
may be the only way to fund it.

2. Fragmented Tier-3+ Supply Chains: If the
emissions occur four or five layers deep in the
supply chain (such asa smallholder farm or an
offshore marine fuel bunker), direct physical
traceability is almost impossible, but the
abatement can be measured and certified through
other means.

3. Standards, Certifiers, and Projects Are Ready: An
existing set of consensus standards and accounting
rules has been developed for this intervention and
already tested by market actors, and certifiers are
available. This means there is a greater opportunity
to scale these measures up soon.

4. Stuck in the Capital Chasm: The underlying
technology works well, but developers struggle to
secure mainstream commercial bank loans unless
they can show guaranteed, long-term, premium
revenue contracts. This means corporate support is
especially valuable now.

5. Reasonable and Declining Cost per Metric Ton:
The mitigation measures we selected are mostly
technically mature but will benefit from economies
of scale and learning effects over time and from
further financial support.

Applying these criteria to mitigation measures in
the database, we find that the vast majority could
potentially be integrated into supplier engagement
strategies, and that a small but growing number of
market-based mechanisms—such as EACs, Book and
Claim systems, and insetting—are emerging with the
requisite standards and certification systems either
published or in development.
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FIGURE A5: MITIGATION MEASURES BY AVAILABLE VALUE CHAIN MECHANISMS
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FIGURE A6: MITIGATION MEASURES WITH ACTIVE VALUE CHAIN STANDARDS, BY SOURCE TYPE
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Table A5 provides more detail on the four high-potential opportunities to address superpollutant hotspots
featured in Chapter 4.

TABLE A5: DETAIL ON SELECTED SUPERPOLLUTANT MITIGATION MEASURES AND THE VALUE-CHAIN MECHANISMS THAT
CAN BE USED TO SCALE THEM

Mitigation
Measure

Superpollutant Source

Description

Value-Chain Fix and
Mechanism

Biomethane
from Manure
Storage,
Management
& Digestion

Storing millions of metric tons of
liquid livestock manure in open

agricultural lagoons creates a

large, ongoing source of methane,

as well as ammonia gas—a

precursor that contributes to the
formation of fine particulate matter

and winter smog.

Enclosing agricultural lagoons with airtight
covers traps methane, which can then

be upcycled to biomethane. Additionally,
processing manure through anaerobic
digesters (AD) converts waste into methane
gas, which is then upgraded into Renewable
Natural Gas (RNG). Importantly, AD units
require controls for methane slips and
careful application of the resulting digestate

to limit N,O releases.

Buy Book and Claim
certificates.

Specify use of certified
RNG.

Low-
Methane-
Intensity
Natural Gas

Upstream oil and gas operations
release methane through fugitive

leaks, venting, and incomplete
flaring.

Producers detect and repair leaks and
reduce venting using continuous monitoring,
aerial and satellite detection, and improved
equipment (e.g., replacing high-bleed
pneumatic controllers), lowering the
methane intensity of the gas they bring to

market.

Buy from the supplier
with the lowest verified
methane intensity,
favoring suppliers with
certifications (MiQ or
Equitable Origin), with
no satellite-observed
methane emissions, and
with membership in
programs such as OGMP
2.0.

This is especially relevant
for companies building

data centers with behind-
the-meter gas generation.

Refrigerant
Recovery and
Reclamation

Potent F-gases used across

building air-conditioning systems,

cold chains, and power grids
chronically leak or are vented

during servicing and at end of life.

Reclamation of used F-gases cleans and
reprocesses the gas to an “as new” standard.

Reclamation markets can help establish
recovery capacity, which in turn supports
the workforce training and physical
infrastructure needed for full lifecycle

refrigerant management.

Set procurement
preferences or mandates
for reclaimed gas, and
enter forward purchase
agreements to secure

supply.

Nitrous Oxide
Abatement
at Nitric and
Adipic Acid
Plants

Chemical manufacturing and heavy

industrial processes generate

high-potency N,O emissions across
multiple sectors and specialized

product lines. This creates a

large superpollutant footprint in

downstream consumer goods,
automotive engineering, and
construction markets.

Manufacturers install catalytic orthermal
destruction systems and process controls at
nitric and adipic acid plants to capture and
destroy N,O before it is released, reducing
the emissions embedded in downstream
fertilizers, nylon fibers, polyurethane foams,

and synthetic dyes.

Specify “buy clean”
materials in key sectors
that rely on these
chemicals.

Provide financing via
insetting projects.

Engage suppliers on best
practices.
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Selecting Carbon Credits: Criteria and Application

With so many varieties of superpollutant credits now
available, choosing which to include in a purchase
can be daunting. Numerous criteria can be applied,
and most of them would apply to any carbon credit
rather than to superpollutant credits in particular.
Issues such as quality, additionality, baseline integrity,
durability, and leakage cut across every category.
Buyers should also weigh their own appetite for

risk, their budget, and the contracting mechanisms
available to them, alongside preferences on location,
industry, marketability, and co-benefits. Finally,

they should consider their in-house resources for
conducting due diligence and their capacity to work
with intermediaries where those resources are thin.

At a high level, the selection criteria for
superpollutant projects should differ slightly from

a generic carbon credit screen, because the goal

is not only quality, cost, and availability, but also
whether a project can help scale deployment over the
next five years and contribute to near-term climate
stabilization. A five-year lens favors projects where
credits do more than pay for abatement: they build
supply, absorb early risk, and create momentum

for broader adoption. It also implies a tolerance for
projects that are still maturing, provided the path to
volume is visible.

The Carbon Containment Lab proposes the following
four categories of criteria, supplemental to the quality
standards already present in the market and to any
existing company preferences on location, industry,
and co-benefits.

1. Scalable

Definition. The project type has the technical and
market potential for widespread application or
replication, or for future cost reductions.

Given the five-year timeframe, this means favoring
project types with tested technologies and verification
approaches, where a working methodology has
already been developed and some deployments have
already occurred. Scalability is the criterion that does
the most work in a superpollutant screen, because the
constraint is rarely whether abatement is technically
possible. It is whether the same intervention can be
delivered a thousand times. Five factors determine
that.

Size and accessibility of the addressable source

Scale begins with the size of the pool the project can
actually reach. Superpollutant sources are a mix of
point sources and distributed sources, spanning both
industrial and natural systems. Given the potency of
these gases, even small and dispersed sources can be
worth accessing, provided the collection, handling,
and verification infrastructure exists. A single
refrigeration system holds a trivial mass of gas but a
meaningful tonnage of CO,e.

The relevant question is therefore not whether the
source is large at the unit level, but whether the
aggregate pool is material and the individual unit

is reachable at acceptable cost. Concentrated point
sources with an identifiable owner can be contracted

10

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- Appendix E: Selecting Carbon Credits: Criteria and Application

directly. Distributed sources require an aggregation
pathway—an established servicing network, a

waste stream with existing custody arrangements,

or a regulated collection system. Where no such
pathway exists, a large theoretical pool is not yet an
accessible one, and the project is better understood as
infrastructure-building than as a scalable abatement

pipeline.

Technical and methodological readiness

An approved methodology with issuance history is
materially different from a concept awaiting registry
review. Within a five-year horizon, methodology
development timelines alone can consume most of the
window. Verification approaches should likewise be
tested rather than proposed.

Repeatability

Projects should be repeatable across geographies or
asset classes rather than tuned to a single site. The
practical test is whether the twentieth deployment
is faster and cheaper than the fifth, and whether
the design survives changes in climate, grid, and
regulatory regime with only local compliance
adjustments.

Absence of binding constraints

Projects should face no major binding input or
resource constraints, whether in equipment, vendors,
suppliers, or available workforce. Workforce is
frequently the real ceiling in lifecycle refrigerant
management work, where certified technician capacity
and incentives, not technology, limits throughput.

Capital absorption and bankability

Scalable projects can absorb corporate capital in a way
that unlocks a larger pipeline, and they are bankable
enough to attract other private or public capital

for build-out. The presence of multiple credible
implementers is a useful signal here: it indicates a
market rather than a single-vendor pilot.

This criterion deprioritizes projects that are
technically sound but too bespoke, too slow, or
dependent on one-off circumstances, as well as
projects whose scale depends on a single regulatory
approval, patent license, or a supplier relationship
with no alternative.

2 Value

Definition. The project has strong unit economics and
a credible path to economies of scale.

Credits that represent value are not simply cheap
credits. They are credits whose underlying cost
structure is understood, defensible, and likely to
improve with volume. Projects that can generate
revenue from co-products may be more economically
resilient, so long as that revenue does not raise
financial additionality concerns or enable double
counting of the environmental attributes. Price and
cost transparency matter: buyers should be able to see
what they are paying for abatement as distinct from
what they are paying for intermediation. The relative
costs of verification and due diligence should also be
reasonable, both in absolute terms and as a share of
credit value.

This criterion favors:

« Transparent cost stacks, where abatement cost,
MRV cost, and margin are separable.

 Declining cost curves supported by evidence, not
projection alone.

« Co-product or avoided-cost revenue that reduces
reliance on the carbon price, disclosed and
correctly accounted for.

o Verification and diligence costs that fall as a share
of revenue as volume grows.

1M
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This criterion deprioritizes:

 Projects where MRV and transaction costs
consume a large fraction of credit value with no
path to reduction.

« Opaque pricing, or intermediated structures where
the buyer cannot identify what the project itself or
project partners and local communities receives.

 Projects wholly dependent on credit revenue at
prices well above the prevailing market.

3. Quality

Definition. The project meets or exceeds quality
expectations and standards, notably for additionality,
net climate benefit, timing for impact, strong
safeguards, and co-benefits.

This category overlaps substantially with

common carbon market criteria such as durability,
additionality, measurability, and verifiability.
Superpollutant credits tend to score comparatively
well on these factors, as noted in Chapter 5 in relation
to ratings, because the abatement is typically a
discrete, measurable, and physically irreversible
event. The following criteria are the ones that deserve
particular attention in a superpollutant context.

Additionality

The mitigation should not already be required by
regulation, nor delivered by ordinary commercial
incentives. This criterion carries particular weight for
superpollutants, where compliance obligations vary
widely by jurisdiction and are changing. A practice
that is genuinely additional in one country may be
mandated in another, and may become mandated
in both within the crediting period. Buyers should
therefore assess not only the current regulatory
position but the expected trajectory and should ask
how a methodology handles the transition when a
voluntary practice becomes a legal obligation. The
same test applies to commercial drivers: where the

recovered material has resale value, or where avoided
purchase costs alone justify the intervention, the case
for additionality needs to be made explicitly rather
than assumed.

Net climate benefit

Baselines and counterfactuals are always important,
as is the degree to which they are knowable and

rest on generally accepted methodologies. For
superpollutants this extends to the full life-cycle
emissions associated with the mitigation itself,
including other greenhouse gases and the trade-offs
between them. Destruction processes consume energy
and may generate their own emissions. Replacement
technologies carry their own refrigerant or energy
footprint. Substitutes with lower global warming
potential may introduce other environmental or
human health concerns, including atmospheric
breakdown products. A credible claim of net benefit
accounts for these effects rather than crediting the
avoided gas in isolation.

Timing of impact

Superpollutants persist in the atmosphere for very
different periods; this variation is larger than is often
assumed. Methane has a perturbation lifetime of
roughly 11.8 years, whereas nitrous oxide persists for
about 109 years and HFC-23 for about 228 years, with
a100-year GWP of approximately 14,600. Some
HFCs are far shorter-lived; HFC-32 has a lifetime of
about five years. “Superpollutant” therefore describes
potency rather than a common atmospheric fate, and
the timing of climate benefit varies accordingly.

Special attention should therefore be paid to the

fate of the specific gas and to when the benefit is
realized. Preference should generally be given to
projects that deliver an immediate positive impact

on the atmosphere. Buyers should also distinguish
between abatement that occurs at the moment of the
transaction, such as destruction of a recovered stock,
and abatement that accrues over years, such as avoided
leakage across an equipment lifetime. The former is
easier to verify and delivers its benefit immediately;

112

SUPERPOLLUTANT ROADMAP FOR CORPORATE ACTION



- Appendix E: Selecting Carbon Credits: Criteria and Application

the latter depends on continued performance and
carries more counterfactual risk.

Strong safeguards against perverse incentives

Superpollutant crediting has a checkered history,
and the risk is structural rather than incidental:
these gases are embedded in industrial systems and
waste streams where the same actors control both
production and abatement. The clearest precedent is
HFC-23 destruction under the Clean Development
Mechanism, where credits were priced far above the
cost of destruction and plants appeared to adjust
HCFC-22 production to maximize creditable by-
product, prompting the CDM Methodologies Panel
to acknowledge that the rules could create perverse
incentives.”

The lesson is not that superpollutant crediting should
be avoided, but that methodologies must be read for
the incentives they create as well as the emissions they
measure. Buyers should look for:

+ Production-independent crediting, so that no
participant can increase creditable volume by
generating more of the gas.

« Verified chain of custody from recovery through
destruction, sufficient to prevent virgin material
being presented as recovered, or the same ton
being claimed more than once.

o Conservative default factors where direct
measurement is contestable, so that uncertainty
does not resolve in the project’s favor.

 Caps and benchmarks tied to technically feasible
ratios rather than observed plant behavior.

o DPrices that bear a defensible relationship to
abatement cost, since very large margins are
themselves a warning sign.

 Independent verification, particularly where
material is mobile or fungible.

Potential to deliver co-benefits

Co-benefits are often treated as a marketing
consideration, but in a superpollutant context they
also function as an integrity signal: projects that
deliver value beyond the credit are less likely to

exist solely to generate credits. Relevant co-benefits
include improved air quality and reduced ozone-
depleting substance emissions, energy efficiency
gains from equipment replacement or servicing,
occupational health and safety improvements for
technicians handling refrigerants and industrial
gases, formalization and improvement of waste-
handling systems, and local employment and skills
development in servicing and reclamation trades.
Where co-benefits are claimed, they should be
described specifically and, where possible, measured,
rather than asserted in general terms. Where they
carry independent monetary value, that value
should be disclosed and reflected in the additionality
assessment.

4. Provides a pathway or bridge
to policy

Definition. The project builds capability that
regulation will later require, rather than occupying a
gap that regulation will eventually close.

This criterion follows directly from the five-year
lens. Superpollutants are the most heavily regulated
class of greenhouse gas: the Kigali Amendment has
now been ratified by 173 of 198 parties,? the U.S.
AIM Act mandates an 85 percent HFC phasedown
from baseline by 2036,* and the revised EU F-gas
Regulation drives bulk HFC supply to a complete
phase-out by 2050.2? Voluntary carbon finance is not
the primary instrument in this space and should not
pretend to be. Its most defensible role is transitional:
paying for the infrastructure, data, and institutional
capacity that regulation needs in order to function,
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in the window before mandates arrive or in the
jurisdictions where they have not yet been written.

Read this way, a good superpollutant project is

one that works toward its own obsolescence. That

is a feature rather than a contradiction, and it sits
comfortably alongside the additionality test, provided
the crediting period is scoped to the policy timeline
rather than extending past it.

The EU F-gas Regulation illustrates the logic well.
The HFC phase-down applies only to virgin HFCs
placed on the market for the first time, not to gas
recovered and reclaimed within the EU, and servicing
of high-GWP systems is progressively restricted

to reclaimed or recycled material.”® Regulation

has therefore created a structural requirement for
reclamation capacity that does not yet exist at the
necessary volume. Credits that fund the building of
that capacity now are a bridge to a policy outcome, not
a substitute for it.

This criterion favors:

+ Regulatory-grade MRV. Measurement systems,
registries, and traceability infrastructure built
to a standard a regulator could adopt, so the
crediting program leaves behind reusable public
infrastructure rather than a proprietary dataset.

+ Data that closes an evidentiary gap. Emissions
factors, leak rates, recovery rates, and cost
benchmarks are frequently the reason regulation
stalls. Projects that generate defensible,
publishable data on abatement cost and feasibility
lower the political cost of a future mandate.

« Compliance readiness ahead of schedule.
Practices, equipment, and certifications that will
be required at a known future date, deployed early.
Early movers absorb the learning costs that later
compliance depends on.

« Institutional and workforce capacity. Certification
schemes, technician training, licensed handling
and destruction facilities, and custody systems —
the delivery capacity a mandate assumes but does
not itself create.

o Jurisdictional relevance. Deployment in countries
where the relevant regulation is being drafted
or where policy implementation is pending, and
where a demonstration project can inform the
design of the rule.

A defined sunset. An explicit account of what
happens to the project when regulation absorbs
the activity, with crediting periods and baselines
that step down as mandates take effect rather than
continuing to claim credit for legally required
action.

 Alignment with national accounting. Clear
treatment of how reductions interact with NDCs,
national inventories, and Article 6 authorization,
so that voluntary purchases do not obscure or
double-count sovereign progress.

This criterion deprioritizes:

+ Projects that depend on a regulatory gap
persisting, and whose economics deteriorate if
policy tightens.

« Structures that create a commercial constituency
with an interest in delaying regulation, which is the
deeper lesson of the HFC-23 episode.

+ Crediting periods that extend materially past the
date on which the activity becomes mandatory.

« Projects that build proprietary or closed
measurement systems where an open standard
would serve the eventual regulator better.
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Applying the four together

These criteria pull against one another, and that
tension is deliberate. The most rigorously additional
projects are often the least scalable, because bespoke
circumstances are what make the counterfactual clear.
The cheapest credits frequently carry the weakest
safeguards. And the policy criterion is in open tension
with the others by design: a project that successfully
bridges to regulation eliminates its own market, which
means the buyer is funding a diminishing asset. That
is the correct outcome, but it should be understood at
the point of purchase rather than discovered later.

A portfolio approach is usually more defensible than
optimizing any single criterion. Pair a core allocation

TABLE A6: SUMMARY OF CARBON CREDIT CRITERIA

of high-quality, well-established project types with a
smaller allocation aimed explicitly at building supply
and policy capability in categories that are scalable but
not yet mature.

For any candidate project, we suggest identifying
which of the four criteria is binding, and whether that
constraint is cost-reducible or structural. Verification
cost and unit economics generally improve with
volume and are therefore worth funding through. A
source that cannot be accessed, a methodology that
cannot resist gaming, or an activity that regulation

is about to mandate outright will not improve with
scale.

Criterion Core question Strongest signal Clearest disqualifier
Material and ibl l, .
Can this be repeated at volume ateriai and accessible s.our.ce poo Bespoke, single-vendor, or
Scalable o approved methodology with issuance .
within five years? ) . dependent on one-off circumstances
history, multiple implementers
Value Do the unit economics improve with Transparent cost stack, declining MRV and transaction costs
scale? costs, co-product resilience consuming credit value
Production-ind dent crediting,
) Is the ton real, additional, and rol Iuc ron-in ep?en enl crediting Methodology that rewards
Quality durably beneficial? verified custody, immediate enerating the gas
y ’ atmospheric benefit 9 9 9
Policy Does this help to build what Regulatory-grade MRV, capacity Reliance on a regulatory gap
bridge regulation will require? ahead of mandate, defined sunset persisting
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Carbon Credit Case Studies

VRN AN

Industrial N2O Abatement: High Value Today,
Constrained by a Closing Additionality Window

ODS and HFC Destruction: Building the Path for a
Circular Economy of Refrigerants

Rice Methane Mitigation: A Frontier in Dispersed
Emissions Mitigation

Anaerobic Digesters: Established Technology,
Uneven Additionality

Landfill Gas Capture, Destruction, and Utilization:
Mature but Requlation-Exposed

Plugging Orphaned Oil and Gas Wells: High Potential,
but Currently Constrained by Measurement and
Additionality Concerns
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CASE STUDY

Industrial N,O
Abatement:

High Value Today,
Constrained

by a Closing
Additionality
Window

Nitrous oxide (N,O) is one by-product of the
industrial manufacture of adipic and nitric acids,
among others. It is a potent climate forcer: an ozone-
depleting substance with a GWP of 273. Adipic acid is
a precursor in the production of nylon, polyurethanes,
and polyester. Nitric acid is widely used as a raw
material for synthetic fertilizer, as input for adipic
acid, and for explosives.

Proven nitrous oxide abatement technology is readily
available, can be installed in existing plants, and

can reach very high abatement efficiencies of up to

99 percent.?* To address nitrous oxide emissions,
facilities install catalytic or thermal decomposition
units.” Capital costs range from $1.2 million to more
than $25 million depending on the type, size of the
facility, and treatment option. Monitoring equipment
and downtime for installation and testing can add
costs.?® New technologies show promise to reduce
these costs further.?”

This crediting pathway has matured significantly
since the 2000s, when the CDM methodology created

perverse incentives that distorted global adipic acid
markets and led to carbon leakage and criticism.?

In particular, Climate Action Reserve’s (CAR) new
China adipic acid protocol uses a 90 percent baseline
and production caps to explicitly correct for these
weaknesses. In compliance markets, the European
Union’s ETS has driven near-universal EU adoption
of mitigation measures.

Why it meets our criteria

Scalability: The potential adipic acid abatement in
developing countries alone totals roughly 2.6 Gt CO,e
cumulative 2013 through 2030.? Of roughly 500 to
580 nitric acid plants around the world, fewer than
one in five run abatement technology. This leaves
roughly 350,000 metric tons of nitrous oxide (roughly
95 million metric tons of CO,e) vented annually.*
The key constraint to scaling with carbon finance

is high up-front costs and engineering complexity,
coupled with uncertainty around the market demand
for credits and the possibility of changing regulations.

Opportunity size: Legacy CDM issuance was
enormous: more than 160 million CERs from just
four adipic acid projects by 2012. Most of that volume
is now retired or expired.’! New-generation VCM
volume is early and small, gated by which plants
remain unabated and eligible.

Value: Abatement costs sit near the bottom of any
marginal abatement curve (<$0.50 to $5 per ton
CO,e). Today, adipic acid credits sell for around $4.75
per ton, and nitric acid credits sell for around $5.95
per ton.*

Quality: Mitigation of these emissions is directly
measurable, and there is no reversal risk as the gases
are destroyed. Overcrediting due to leakage and
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baseline manipulation has been a concern for this
credit type in the past, and although methodologies
have been significantly strengthened in response,
buyers should be cautious of any credits issued
following significant increases in the plant’s chemical
production, particularly at adipic acid plants. CAR’s
U.S. and China adipic acid methodologies were
recently CCP-approved, signaling a step change in
quality.® Although nitric acid methodologies have
not yet been fully reviewed for CCP approval, several
U.S. N,O projects have received high ratings. A new
nitric acid CAR protocol is also in development.>*
Regulatory additionality risk is typically well-
constrained by methodologies, which explicitly

rule out crediting for any abatement that becomes
required by law. Corporate credit purchases can
encourage above-standard abatement even after a
regulation is established. For example, China has
signaled the intent to set a floor for industrial N,O
abatement and then progressively strengthen these
requirements.® Strong ongoing MRYV is critical to
ensure installations are maintained and continue to
mitigate emissions, and to protect against perverse
incentives such as rewarding facilities for delaying
adoption of emission controls that more responsible
peers had already voluntarily installed.

Policy pathway: Carbon markets, alongside “buy
clean” efforts for commodity materials, can play a
critical role in delivering capital to support near-
term abatement. This activity paves the way for

strengthened national policies, and delivers additional
abatement above regulatory thresholds once those
national policies are in place. Already, there is policy
action. Unlike ODS, N,O is included in the Paris
Agreement, so companies can access compliance
markets directly: the Article 6.4 Supervisory

Body approved AMM-002 for nitric acid in May
2026.% An intergovernmental body, the Nitric Acid
Climate Action Group (NACAG), finances plant
retrofits to mitigate N,O and requires host countries
to commit to permanent abatement and NDC
inclusion, explicitly barring the resale of resulting
reductions into carbon markets.” As more countries
sign NACAG’s Statement of Undertaking, the pool
of plants still eligible and additional for carbon
finance will shrink. The EU regulates industrial N,O
emissions in Europe via the ETS, and in the future
will regulate imports via the EU’s Carbon Border
Adjustment Mechanism (CBAM).

Support most needed
from buyers today

Companies can contribute to demand for CCP-
approved adipic acid credits to validate the new
methodologies commercially. On nitric acid credits,
however, the ICVCM and registries are still resolving
additionality and baseline concerns.
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CASE STUDY

ODS and HFC
Destruction:
Building the Path
for a Circular
Economy of
Refrigerants

Destruction is the last step in the Lifecycle Refrigerant
Management (LRM) chain, alongside other credit-
generating steps such as equipment replacement
(swapping out old, high-GWP systems), leak
detection and repair, and reclamation (purification
and reuse to displace virgin gas production). Across
all these systems, gas recovery is needed: pulling used
gas from chillers, AC units, refrigerators, foams, and
cylinders. Sending equipment and materials to either
be destroyed or reclaimed helps to build the circular
refrigerant economy of the future. Carbon credits can
play a critical role today in building this capacity.

ODS destruction is the established pathway of this
category: credited under registries since the 2010s,
highly rated, and CCP-labeled. HFC destruction is
the newer “second act,” targeting high-GWP HFC
refrigerants being phased down under the Kigali
Amendment. It addresses earlier pitfalls by targeting
dispersed end-of-life gas rather than a production-
linked by-product while introducing much stronger
safeguards.

Why it meets our criteria

Scalability: ODS destruction is mature and
repeatable, with established chain-of-custody and

waste destruction facility standards. Production

of most ODS is now banned, but legacy banks

in equipment and stockpiles keep leaking—

the unrecovered legacy bank is estimated to be
approximately 9 billion tons CO,e through 2100.%
HFC destruction is at an earlier stage but uses the
same infrastructure and MRV systems as ODS.

HFC volumes will grow sharply with rising cooling
demand: Carbon Containment Lab modeling
projects more than 30 billion tons CO,e of refrigerant
could be vented by 2050 if left unmanaged.*® The
constraints to scaling include a lack of certified
destruction facilities. They are currently available

in only 16 countries that accept cross-border waste
imports, creating significant bottlenecks in collection
and transport and adding cost and administrative
complexity.** Meanwhile, limited access to capital
and lengthy permitting processes constrain the
expansion of destruction capacity. Recovery of gases
is constrained by technician shortages and inadequate
field equipment, even where cash incentives exist.*

Opportunity size: Roughly 7 million ODS credits
have been issued to date, with about 1.9 million still
unretired.*? HFC issuance is small (about 10,000
credits to date) but expected to scale substantially
over the next five to ten years, with credits
concentrated in countries with large cooling stock
and weak end-of-life capture. Google’s multiyear
250,000-credit commitment to Recoolit signals early
buyer demand.*®

Value: ODS credits have historically traded from
about $5 to $17 a ton.** By contrast, HFC credits
sold through wholesale and multiyear deals currently
cost $30* to $75% per ton, reflecting the logistically
complex and labor-intensive process of collecting
end-of-life equipment, recovering refrigerants, and
moving them to certified destruction facilities.

Quality: ODS projects are generally rated highly
by raters such as BeZero, Calyx Global, and Sylvera.
ODS destruction is CCP-labeled via CAR and
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ACR methodologies.*” HFC destruction is not yet
CCP-labeled or CORSIA-eligible and remains “in
assessment.”™® Three new methodologies (Isometric,
Open Carbon Protocol, and Verra VMO0016 v2.0)
have recently been adopted. Stakeholder concerns
on quality in this category include creating perverse
incentives that result in increased production of
virgin gas, and whether MRV guards against this;
additionality complexity from staggered, regional
Kigali phase-down schedules; and scrutiny of
counterfactual and stockpile-sourcing claims.

Policy pathway: Both pathways sit beside the Kigali
Amendment (173 of 198 parties ratified)*® to capture
legacy refrigerant that regulation doesn’t yet reach.
ODS gases are not Paris Agreement gases, so they
are ineligible for Article 6 without reform. Carbon
finance instead closes the funding gap for its proper

capture, transport, and destruction, potentially
maturing into municipal, take-back/extended
producer responsibility (EPR) or commercial
refrigerant-management systems.

Support most needed
from buyers today

Multiyear offtake agreements that de-risk
investments in MRV, chain of custody, and
destruction facilities, plus tolerance for MRV still

being field-tested.
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CASE STUDY

Rice Methane
Mitigation:

A Frontierin
Dispersed Emissions
Mitigation

Rice is produced at a large scale: it is a major cereal
crop for almost half of the global population,*
cultivated across more than 165 million hectares of
land with upwards of 144 million farms concentrated
in Monsoon Asia.’! Rice cultivation is the source of 8
to 11 percent of global methane emissions.*

Rice is traditionally grown in continually flooded
paddies. Flooding helps suppress weeds but creates
anoxic (oxygen-free) soil conditions that generate
significant amounts of methane as organic matter
decomposes.” Mitigation activities primarily focus on
reducing the duration of flooding through practices
such as alternate wetting and drying (AWD) and
direct seeding into dry soil. Projects can also include
other climate- and soil-friendly practices such as
biochar amendments and fertilizer adjustments
(affecting nitrous oxide emissions) as well as
composting rice straw instead of reapplying it directly
to the paddy (further reducing methane) or burning it
(avoiding black carbon).

Early Clean Development Mechanism (CDM)
methodologies tried to address this source but were
found to be flawed; in 2024, Verra invalidated 4.5
million credits using these protocols.** Since then,
the methodology landscape has been substantially
rebuilt on stronger foundations, and rice methane is
now reemerging in the VCM as a rapidly expanding
category.

Why it meets our criteria

Scalability: The opportunity is massive. Sustainable
rice practices carry mitigation potential of up to

48 percent of baseline emissions.”> AWD alone

can reduce methane by 30 to 70 percent and water
use by 30 percent without reducing yields;* direct
seeding has shown reductions of up to 90 percent

in controlled studies;”” biochar amendments have
decreased methane by roughly 40 percent in

early studies;*® and combined AWD plus direct
seeding has also demonstrated reductions up to 90
percent.”® These practices do not require a major
infrastructure overhaul, supporting rapid replication
once methodology and MRV barriers are addressed.
Constraints to scaling include the logistical difficulty
of verifying practice adoption across thousands of
smallholder plots, and the open question of whether
satellite-enabled MRV systems can close that gap at
cost.

Nearly all the 1.2 million unretired credits currently
in this pathway are on legacy CDM methodologies,
warranting caution.®® However, the future is bright:
several registries have developed or are in the process
of developing new and improved methodologies,
while project developers are active across Ghana,
India, Indonesia, Latin America, the United States,
and Vietnam. Gold Standard, whose rice methane
methodology recently received CCP approval,
forecasts approximately 3.2 million credits in this
pathway over the next five years.*

Value: Newer credits are currently $15 to $25 per
metric ton of CO,e.%* Most irrigation management
practices require minimal infrastructure changes,
keeping both project and credit costs at a low
starting point. Measurement and monitoring costs
vary, however, and further research is needed to
improve the reliability, availability, and cost of
models and satellite-based tools to reduce reliance
on analog approaches such as logbooks and farmer
attestations. Forward offtake deals remain rare but
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are gaining momentum, reflecting growing interest
from corporate buyers. For example, Amazon signed
a forward purchase agreement for nearly 700,000
credits from The Good Rice Alliance in April 2026.

Quality: The new generation of methodologies
represents a meaningful shift toward higher-quality
credits, though they remain in the early stages and
have not yet been tested at scale across multiple
crediting cycles. Rice methane projects also enhance
quality and durability by offering multiple benefits:
anew revenue stream for farmers, reduced pressure
on scarce water resources, and minimal reversibility
risk, which together have contributed to strong early
farmer adoption.® Stakeholder concerns include
whether current methodologies adequately account
for nitrous oxide rebound from field drainage and
whether AWD adoption already occurring without
carbon finance could compromise additionality going
forward.

Policy pathway: Proposed policies on rice
methane appear promising, with groundwork laid
by semi-governmental research bodies such as the
International Rice Research Institute in partnership
with national research institutions.®® Government

adoption is under way in several markets, including
Vietnam’s Ministry of Agriculture, which has been
working on AWD since 2011, and the Philippines,
which has pursued AWD across all national irrigation
systems to adapt to increased water scarcity.®® This
policy’s water savings double as a climate adaptation
measure in regions facing more unpredictable
irrigation supply, giving governments an additional
rationale for adoption independent of carbon benefit.
Carbon finance supports the transition by funding
incentives to farmers to change practices, improving
MRV science and best practices, and helping
demonstrate to farmers and governments that these
changes do not reduce yield.

Support most needed
from buyers today

Forward offtake commitments enable the
development and deployment of rigorous MRV.
Buyers can extend impact by prioritizing projects
that avoid additional superpollutants, such as those
reducing fertilizer use and biomass burning,.
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CASE STUDY

Anaerobic
Digesters:
Established
Technology,
Uneven
Additionality

Anaerobic digesters capture methane produced when
organic waste, including municipal wastewater sludge,
livestock manure, and other agricultural residues,
decomposes in oxygen-free environments.*” The
captured biogas can generate electricity or heat, be
used as cooking fuel, upgraded to renewable natural
gas (RNG) for pipeline injection or vehicle fuel,

or flared (and therefore converted to CO,, which

has alower GWP). While crediting for digesters is
primarily based on avoided or mitigated methane
emissions, digesters can also reduce nitrous oxide and
black carbon emissions with significant co-benefits.

Why it meets our criteria

Scalability: Digesters can address methane emissions
from several large and dispersed waste streams.
Manure management alone accounts for 1.3 percent
of U.S. annual emissions.”” The VCM pathway is
mature, with multiple methodologies across Gold

Standard, Verra, and CAR and more than 27 million
unretired credits currently on the market across
hundreds of projects.” The underlying technology

is also mature and highly replicable, with digesters
operating worldwide across household, agricultural,
wastewater, and industrial applications with well-
established connections to carbon finance. Industrial-
scale digesters are particularly replicable and bankable
because they can generate multiple revenue streams
from the same waste sources, including energy, RNG,
and digestate fertilizer.”?

Value: Wastewater digester projects are among

the lowest-priced superpollutant credit categories,
reported at an average of $3.21 per ton CO,e in 2026.7
Agricultural and manure digester credits are priced
slightly higher at an average of $9.63 per ton CO,e.”*
Digesters do have high up-front costs and incur

costs from ongoing maintenance. A recent World
Resources Institute (WRI) report found manure
digesters can cost around $500 a cow annually on U.S.
dairy farms.” However, in addition to carbon finance,
industrial-scale projects can partially offset these costs
through revenues generated from the sale of energy,
RNG, and digestate fertilizer.

Quality: Quality of projects varies substantially by
project scale and waste stream. Household-scale
digesters are highly additional and produce clean
cooking fuel and organic fertilizer.”® Industrial-scale
digesters address concentrated methane sources
and often generate highly measurable emissions
reductions while also reducing local environmental
nuisances such as odor, and can produce energy and
fertilizer. Additionality may be a weak point for
large-scale industrial projects, particularly where
co-product revenue and existing policy incentives
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(e.g., California’s Low Carbon Fuel Standard -

LCFS) can substitute for carbon finance as the
primary factor in project viability. Measurement and
verification rigor should be reviewed closely across all
projects, but especially at the household scale where
monitoring infrastructure is limited and costly to do
well.

Policy pathway: Further policy support for
industrial-scale digesters is plausible but may be

more likely driven by energy generation,” waste
management,’® fertilizer production,” and local air
quality improvements. Household-scale digesters may
attract further support through clean development
funds and national incentive programs.®® Carbon
projects can support these policies by reducing costs,
raising awareness and improving technology and
measurement.

Support most needed
from buyers today

Buyers can purchase digester credits on the spot
market. To ensure the best investment, they should
prioritize credits with clear social or environmental
benefits and strong evidence of additionality and
robust MRV. Buyers should deprioritize credits
generated under methodologies that ICVCM has
rejected, including CDM methodologies AMS-

L.E. and AMS-LI (as of August 2026).5! Digesters
may also offer a strong insetting opportunity for
companies with significant Scope 3 emissions from
livestock or agricultural waste residues in their supply
chains; or where they can potentially purchase energy
and/or fertilizers as commodities.
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CASE STUDY

Landfill Gas
Capture,
Destruction,
and Utilization:
Mature but
Regulation-
Exposed

Landfills are the third-largest source of anthropogenic
methane globally, generating roughly 799 million
tons of CO,e per year.®? Methane forms as organic
waste decomposes anaerobically within landfills.
Credit projects install gas collection then either flare
methane or route it for electricity generation, direct
thermal use, or upgrading to renewable natural gas
(RNG).%

Landfill gas (LFG) capture, destruction, and
utilization is one of the CDM'’s original mainstay
categories, with credits issued since the early 2000s.
It was also one of the ICVCM'’s first two categories
with CCP-approved methodologies, covering roughly
15 million credits.®* The category now has a mature
methodology landscape across ACR, CAR, Gold
Standard, and Verra, with others in development.

Gas collection is now widely mandated at larger

sites in developed countries through policies such

as the EU Landfill Directive and U.S. Clean Air Act
New Source Performance Standard rules.®> Where
these regulations do not apply, however, landfill

gas capture projects offer significant potential for
superpollutant mitigation. New approaches to
landfill gas management, including biocovers and
enhanced well control, may also provide opportunities
to mitigate additional methane emissions at sites

where conventional collection projects are otherwise
nonadditional or uneconomic.

Why it meets our criteria

Scalability: Landfills account for roughly 8 percent
of global methane emissions.® Sixty to 90 percent

of emissions at average landfills could be mitigated
through gas collection technology—such as wells,
header pipes, and flares or utilization equipment—
that is readily commercially available and
retrofittable.’” Legacy CDM and VCS issuance is large
and mature, spanning thousands of projects over two
decades. The ICVCM'’s initial CCP-approved portion
alone totals approximately 15 million credits.®® More
than 40 million credits are currently available in the
market out of nearly 80 million issued.

Value: Credits are priced near the low end of the
carbon market, averaging about $4.60 per ton CO,e
in 2026 for CCP-labeled supply.® Projects that
generate a second revenue stream by selling captured
gas for electricity, direct use, or RNG can substantially
offset up-front project costs and improve project
economics, though they need to be careful to avoid
double counting of the environmental attributes sold.

Quality: Landfill projects perform well on several
quality indicators: methane destruction is immediate,
highly permanent, and readily verifiable, and projects
can generate multiple benefits for the environment
and local communities. The main risk has become
additionality, as both market and policy incentives
make landfill gas capture with beneficial use more
financially attractive without carbon credits.”® Larger
landfill gas-to-electricity projects (more than 10
Megawatt electrical (MWe)) remain excluded from
CCP-approval pending further review.”!

Novel approaches to mitigate landfill gas such as
biocovers and enhanced gas extraction may avoid
these additionality risks but will need to develop
robust MRV and counterfactuals for high-integrity
crediting.
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Policy pathway: Landfill gas management is already
regulated in many jurisdictions. The remaining
opportunity is therefore concentrated in jurisdictions
and sites where capture is not yet required. At the
same time, the sector is being tested for a new policy
pathway: Article 6.4 compliance markets. Landfill gas
was the first project type approved under the Paris
Agreement Crediting Mechanism, with a crediting
baseline that declines faster for flare-only projects
than for methane-to-energy projects, creating an
explicit incentive to shift toward utilization.”

Support most needed

from buyers today

Spot purchasers should prioritize CCP-approved
credits from projects in developing countries and in
smaller and/or unregulated landfills. Buyers should

also favor beneficial-use projects (energy/RNG) over
pure flaring. Continued scrutiny of legacy credits
from large, already-regulated landfills can help
distinguish genuinely additional projects and reward
well-managed operations.

Forward purchasing and investments in newly
developed landfills in developing countries can
unlock complementary financing from multilateral
development banks and governments while delivering
major public health benefits from otherwise
unmanaged waste. Waste-sector interventions
further upstream, including organic waste diversion,
composting, and anaerobic digestion, should
complement landfill gas capture. Further, forward-
looking buyers should be on the lookout for
opportunities to invest in or support novel landfill gas
credit types that show potential against these criteria.
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Plugging Orphaned
Oil and Gas Wells:
High Potential,

but Currently
Constrained by
Measurement

and Additionality
Concerns

Unplugged and unproductive oil and gas wells
without a solvent operator are considered “orphaned.”
As these wells sit, methane can leak from the
degrading well casing and surface infrastructure.” In
the United States, individual states are responsible
for the eventual plugging of these wells.** However,
the sheer number of these wells, limited numbers of
plugging teams, and lack of public resources have

left thousands of wells unplugged for years. Carbon
credit projects measure methane emissions: before
plugging, plug and cement the wellbore, and properly
“abandon,” (that is, reclaim the site). Avoided
emissions are estimated by projecting the leak rate
forward, typically 20 years, based on the assumption
that the well would otherwise have remained

unplugged.”

Orphaned well plugging is a new and potentially
scalable pathway, but crediting approaches and MRV
require further development. ACR published the
world’s first dedicated methodology in 2023, though
it was subsequently taken offline due to integrity
concerns with measurement. Other registries such

as Open Carbon Protocol, Climate Action Reserve,
BCarbon, and CarbonPath have since stepped in,

each with different measurement protocols and
projections.

Why it meets our criteria

Scalability: This mitigation measure has so far been
concentrated in North America where the U.S. has

an estimated 3.6 million abandoned wells, including
orphaned and non-orphaned, emitting 7 million to
more than 20 million metric tons CO,e a year.”® The
Carbon Containment Lab estimates about 100 million
MTCO,e could be abated over 20 years by plugging
currently documented orphaned wells.”” Eight million
credits have been issued under this pathway to date,
with over 3 million of the unretired credits issued
under ACR’s now inactive methodology.”® While

well plugging and abandonment (P&A) technology

is mature, a few constraints currently dampen project
activity: engineering and resource requirements

vary from well to well and are hard to predict. The
complexity of surface, mineral, and pore rights poses
another challenge. Split ownership across private,
state, federal, and tribal entities can create uncertainty
around which entity gets credit for emissions
reductions.

Value: At about $20 a ton, prices are comparable to
nature-based carbon removal credits.”® One estimate
puts the total 15-year market for documented
orphaned wells at $1 billion at $20 a ton, rising to more
than $17 billion for all high-priority abandoned wells
at $100 a ton.'° The cost of well plugging and pre- and
post-plugging measurements can be high, ranging
from thousands to hundreds of thousands of dollars

a well.1* Well plugging and site remediation projects
occasionally reach millions of dollars for a single well.

Quality: Plugging an orphaned well immediately
stops methane emissions and benefits landowners and
nearby communities by also stopping the co-emission
of other toxic pollutants and returning well sites to
other uses. Other environmental benefits include
protecting the groundwater strata exposed to leaks in
the well casing.
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This pathway must overcome several quality risks,
however. The first is overcrediting caused by
unproven counterfactuals and emission baselines.
Many methodologies require only a single pre-
plugging measurement to support 20 to 50 years

of crediting, but this approach captures only a
snapshot of emissions because orphaned-well
methane emissions can be unpredictable over
time.!*? Currently, a lack of consensus exists on
which measurement or decline-curve approach most
accurately reflects real-world leak behavior over a
crediting period.’® Further, permanence depends on
the well plug remaining intact and the surrounding
area being free from more drilling. Additionality

is another concern: in certain cases, states may end
up prioritizing plugging the same high-emitting
wells that offer the best return on investment for
carbon projects. Crediting terms should be limited
by realistic timelines of state plugging programs. No
methodology has yet applied for CCP assessment, so
the category currently has no ICVCM validation.1*

Policy pathway: Lenient regulatory landscapes in
most states allow many well operators to postpone
or avoid their plugging obligations. As a result, a
growing number of wells exist in a marginal or idle
condition before becoming orphaned. The Carbon
Containment Lab anticipates that U.S. policy
reforms currently under way could temporarily lead

to an increase in orphaned wells as undercapitalized
operators shed plugging liabilities.’® Credit projects
can contribute to the enactment and reform of these
policies and absorb some of the orphaned backlog by
creating an additional funding source for remediation,
raising awareness about the environmental impact
of orphaned wells, and generating practical
experience with measurement, plugging, and
leakage monitoring. Lessons from carbon-financed
projects could also help governments develop better
prioritization, measurement, and remediation
practices for orphaned wells more broadly.

Support most needed
from buyers today

This nascent pathway will require more buyer
demand to grow into its next phase. Buyers can make
a difference by not only supplying capital but also
ensuring methodologies and projects meet high bars
for additionality, measurement, and benefits being
delivered to local communities. These goals can be
achieved by supporting projects that complement
state-funded plugging of prioritized wells and
ensuring multistage state-of-the-art measurements
are taken and credited appropriately.
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