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Cristina Lobillo Borrero
and Tibor Stelbaczky

Respectively Director for International
Relations and Energy Security, European
Commission, and European Union
Principal Adviser on Energy Diplomacy -
Global Methane Pledge Champions

Since the launch of the Global Methane Pledge,
we have seen an unprecedented increase in the
availability and quality of data and knowledge,
and the ambition for methane abatement.

This is proof of what collective action can
achieve. The report shows that the next five
years will be critical. Now we must focus on
implementing and scaling proven solutions—
cutting methane together to deliver rapid
climate and health benefits.
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As co-convener of the Global Methane
Pledge, Canada has seen the progress
we can achieve together but this report
underscores that implementation of higher
ambition policies is needed to meet the
GMP target. Methane mitigation is cost
effective and consistent with sustainable
economic growth. We must continue

to work together through the GMP and Associate Assistant Deputy Minister, Strategic
by domestic action to reduce methane
emissions to ensure cleaner air, stronger
economies, and a more resilient planet.

Michael Bonser

Policy and International Affairs Branch, Canada
- Global Methane Pledge Champion




Katie White

Parliamentary Under-Secretary of State
(Minister for Climate), the United
Kingdom of Great Britain and Northern
Ireland - Co-Chair of the Climate and
Clean Air Coalition and Global Methane
Pledge Champion

Tackling methane emissions is one of the fastest
ways we can slow global warming this decade,
while delivering immediate health, food security,
and clean air benefits.

As this report shows, the urgency to act has never
been greater. Through the galvanising force of the
Global Methane Pledge, the United Kingdom of
Great Britain and Northern Ireland will continue to
step up and champion global action in this space,
protecting current and future generations from the
climate crisis.

The Global Methane Status Report
demonstrates that over three-quarters of
the methane cuts we need can be made
with proven, low-cost measures that

deliver cleaner air, healthier people, higher

crop yields, and stronger economies.

In this decisive decade, our collective
leadership will determine whether we win
the race for a safer, healthier planet.

r

Sheila Aggarwal-Khan

Director, Industry and Economy Division,
United Nations Environment Programme
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Ministry of Environment and Climate Change,
Brazil - Co-Chair of the Climate

and Clean Air Coalition

Cutting methane is the fastest way to slow
warming, improve air quality, protect lives, and
strengthen economies. Now is the time to pull this
climate emergency brake, and that means every
leak must be fixed, every waste site improved, and
every farm protected from disasters, opening up
new business and investment opportunities. UNEP
stands ready to support countries in turning the
recommendations and solutions presented in this
report into reality.
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Executive Summary

Methane (CH,) mitigation is one of the most powerful and cost-effective strategies to
slow near-term warming and deliver major benefits for air quality, public health and food
security. Despite rising global emissions, momentum for action has been strong, driven by
increasing political will, available and cost-effective technological solutions, and economic

incentives.

The Global Methane Pledge (GMP), launched in 2021, has catalysed ambitious action.

New initiatives and policy plans have laid the foundations for accelerated implementation

of methane abatement in the years ahead. Reaching the GMP target of reducing global
anthropogenic emissions by at least 30 per cent below 2020 levels by 2030 is technically still
possible in case of full implementation of proven technical methane abatement measures.
Most of these solutions are low-cost and offer climate, air-pollution and development
benefits that far exceed their costs. The energy sector has the largest reduction opportunity,
with measures that prevent production losses and come at particularly low or even negative
cost. Success will, however, depend on robust emissions monitoring, stronger policies

and a significant scale-up in finance flows. Rapid methane reductions must be integrated
with broader transformations in energy and food systems and resource efficiency towards
circular economy to stay aligned with internationally agreed climate goals. The next five
years will be decisive in turning down the heat and reducing risks of reaching climate tipping
points. Immediate action on methane can deliver fast, multiple wins for the climate and
clean air.

Progress Since the Launch of the Global Methane Pledge

Methane's atmospheric concentrations have more than doubled since pre-industrial times.
According to new modelling for this report, global anthropogenic emissions of methane
reached approximately 352 million tonnes (Mt) per year in 2020 and, under current
legislation, are projected to continue rising, reaching 369 Mt per year in 2030, 5 per cent
above 2020. These rising global emissions would contribute to almost 24,000 additional
premature deaths and 2.5 Mt of crop losses annually by 2030, relative to 2020, and would
commit the world to an additional 0.025°C of warming by 2050. The economic damage of
these impacts could reach USS43 billion per year in 2030. The largest increases are forecast
for the agricultural and waste sectors, driven by projected larger livestock herds and higher
waste generation due to expanding populations and economic growth.

This projected growth is, however, slower compared to previous assessments. At the time
the GMP was negotiated, emissions were expected to continue increasing steadily, reaching
383 Mt per year by 2030. Since then, new waste management regulations in Europe and
North America, and slow growth in natural gas markets have translated into a lower-than-
expected increase in anthropogenic methane emissions. As a result, the new current
legislation (CLE) scenario projects that emissions in 2030 will be 14 Mt lower than previously
estimated, equivalent to more than 10 per cent of current annual methane emissions from
the energy sector globally.
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Figure ES 1: Change in global anthropogenic methane emissions from 1990 to 2030 in the Current Legislation Emissions
(CLE) scenario used for this report, in comparison to the Greenhouse Gas and Air Pollution Interactions
and Synergies (GAINS) model baseline scenario used in the 2021 Climate and Clean Air Coalition Global
Methane Assessment (GMA), million tonnes per year, and annual global benefits associated with this
revised baseline in year 2030, except for avoided warming by 2050 (averaged over 2040-2070).
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Note: Throughout this report, G20 plus group of countries (G20+) includes the 19 sovereign countries of the G20, i.e.,, Argentina,
Australia, Brazil, Canada, China, France, Germany, Italy, India, Indonesia, Japan, Mexico, the Russian Federation, Saudi Arabia, South
Africa, the Republic of Korea, Tlirkiye, the United Kingdom of Great Britain and Northern Ireland, and United States of America, plus
remaining 24 European Union countries, 3 Western European countries Norway, Switzerland and Iceland, and New Zealand. All
countries not included in the G20+ are categorized as belonging to the non-G20+ regions.

The primary challenge for GMP participating countries was to arrest and reverse the trend
of rapidly increasing emissions, as a first step towards reducing emissions by 30 per cent
below 2020 levels. The last five years have seen unparalleled global attention and action

to address methane which should reverse the rise in emissions by 2030. Even though a
number of significant methane emitters, including three of the top five, are yet to committed
to the GMP, an increasing number of policies and plans have been adopted and are starting
to be implemented. Countries’ political commitments to reduce methane emissions have
grown substantially in both number and specificity, reflecting a broader global ownership

of national methane mitigation planning, as shown in the latest Nationally Determined
Contributions (NDCs) and Methane Action Plans (MAPs). As of June 2025, 127 countries, 65
per cent of countries who are Parties to the Paris Agreement, include policies and measures
targeting major methane sources in their latest NDCs, representing an approximate 38

per cent increase compared with pre-2020 NDCs (92 countries), with particularly notable
increases among United Nations Framework Convention on Climate Change (UNFCCC) Non-
Annex | countries’. 115 countries, 59 per cent, include measures addressing methane from
waste, 85, 44 per cent, include agricultural methane measures and 35, 18 per cent, include
measures targeting emissions from fossil fuels. Compared with pre-2020 NDCs, this reflects
increases of 58 per cent, 89 per cent and 52 per cent, respectively.

1 See list at: https://unfccc.int/process/parties-non-party-stakeholders/parties-convention-and-observer-states?field_national_communications_
target_id%5B515%5D=51
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Figure ES 2: Number of countries including methane mitigation measures in Nationally Determined Contributions

Number of countries

17

180

160

140

120

100

80

0

(NDCs) by sector, pre-2020 and to June 2025. NDC3.0 are indicated by darker shade.
*Submitted as of 01 June 2025.

Pre-2020 NDCs NDCs to June 2025*
W Fossil fuel production W Agriculture W Waste

The NDC and MAP commitments, if fully implemented, would translate into a reduction

of annual global anthropogenic methane emissions by up to 42 Mt by 2030 compared
with the current legislation (CLE) for 2030, equivalent to 8 per cent below 2020 levels. This
is insufficient to meet the GMP target by 2030, but would still deliver major climate and
development benefits, avoiding up to 60,000 premature deaths and 6.1 Mt of crop losses
annually by 2030, and up to 0.06°C of warming by 2050, relative to the CLE scenario. The
value of these benefits is up to USS$107 billion per year by 2030, far outweighing the cost
of implementing the measures. This reduction would also represent the largest and most
sustained decline in anthropogenic methane emissions with available records.
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Figure ES 3: Comparison of global anthropogenic methane emissions under the Current Legislation Emissions (CLE)
and the Current Nationally Determined Contributions and Methane Action Plans (NDCs and MAPs)
scenarios from the GAINS model, 1990-2030, million tonnes per year, and annual global benefits
associated with implementation of the NDCs and MAPs scenario in year 2030, except for avoided
warming by 2050 (averaged over 2040-2070).
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Ramping up Toward 2030

Meeting the 2030 GMP target will require further raising of ambition to the full
implementation of the maximum technically feasible reductions (MTFR) globally, with
mitigation potential varying between countries and across the three main emitting sectors:
energy, agriculture, and waste by 2030 — a short timeframe. With full implementation of

all technical measures globally, annual methane emissions in 2030 could be reduced by
131 Mt below CLE 2030 levels, representing a 32 per cent reduction compared with 2020
emissions levels. This level of action would deliver substantial benefits, including avoiding
0.2°C of warming by 2050 (averaged over 2040-2070). It would also avoid over 180,000
premature deaths, and nearly 19 Mt of avoided crop losses annually by 2030. The value of
these benefits is estimated to exceed USS330 billion annually by 2030. When factoring in the
broader social cost of methane, the benefit would be even greater.
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Figure ES 4: Comparison of global anthropogenic methane emissions under CLE, NDCs and MAPs, Maximum
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Looking Beyond 2030

Following current legislation, emissions are expected to continue increasing to 427 Mt

per year by 2050, 21 per cent above 2020 levels. In 1.5°C and 2°C-consistent scenarios
developed for the Intergovernmental Panel on Climate Change Sixth Assessment Report
(IPCC ARG6), global methane emissions should decrease steadily through mid-century, falling
more than 50 per cent below 2020 levels by 2050.

After 2030, targeted technical mitigation options alone will not be sufficient to reduce
methane emissions to levels consistent with climate and development goals. Additional
maximum technically feasible reductions could reach 220 Mt per year by 2050, a 37 per cent
reduction below 2020 levels. Similarly, focusing on broader decarbonisation action in the
energy and transport sectors alone will not be enough to meet the GMP by 2030 or stay on a
1.5°C or 2°C trajectory through 2050.
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Figure ES 5:
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The pathway to 2050 consistent with agreed climate goals requires a combination of full
implementation of targeted technical methane control measures with parallel efforts to
decarbonize global energy and transportation systems, along with shifts in demand-side
behaviour including the adoption of healthier diets and reducing food waste. This combined
pathway could reduce annual emissions to 164 Mt per year in 2050, 53 per cent reduction
below 2020 levels. Continued research and development of new and emerging methane
abatement technologies, particularly in the agricultural sector, could increase this mitigation
potential.

The Opportunity

Most global anthropogenic methane emissions come from three sectors: about 42 per cent
from the agricultural sector, 38 per cent from the energy sector and 20 per cent from the
waste sector. Two-thirds, 65 per cent, of total emissions originate from the G20 plus group of
countries (G20+) which includes the 19 sovereign countries of the G20, plus the remaining 24
European Union countries, 3 Western European countries, Norway, Switzerland and Iceland,
and New Zealand.

Full implementation of all available technical measures globally in all three sectors is required
in all countries — not just GMP participating ones — to meet the 2030 GMP target. Mitigation
potential in these sectors vary from one country to another. 72 per cent of the global methane
mitigation potential by 2030 from 2020 emission levels, lies with the G20+ countries where
emissions could be reduced by 36 per cent between 2020 and 2030.

The total annual cost of achieving the full MTFR in 2030 is estimated at USS$127 billion. More
than 80 per cent of the MTFR, 109 Mt per year could be implemented for a low-annual cost?.

(left) Projected 2030 annual methane mitigation potential below CLE 2030 levels, by sector, under

NDCs and MAPs, MTFR, and MTFR low-cost scenarios, million tonnes per year. The GMP target line
represents annual reductions needed to achieve the Global Methane Pledge in 2030; (right) Projected
2050 annual methane mitigation potential below CLE 2050 levels, by sector, under MTFR and combined
MTFR, Decarbonization (Decarb) and Demand-side measures (Demand) scenarios, million tonnes per
year. The line represents annual reductions needed in line with 1.5°C-consistent scenarios from the
Intergovernmental Panel on Climate Change Sixth Assessment Report (AR6).
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Low-cost is defined as an average cost of less than US$1000 per tonne of methane or US$36 per tonne CO,eq.
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Table ES 1:

in million tonnes and billion United States dollars.

Methane mitigation potential under different scenarios and associated implementation costs, by sector,

2030
emissions
under
current
legislation

Technical methane mitigation

Implementation

potential by sector in 2030 Costs
NDCs
and  MrRR | MR 0 yreg  MTRR
low-cost low-cost
MAPs

\s ENERGY

Mt/ yr

64

Mt/ yr

Mt/ yr Mt/ yr

18 56 55

bUS$/yr

6.6

buS$/yr

3.4

Methane mitigation measures

Extended recovery and utilization of vented gas:
capture of associated gas from oil wells; blowdown
capture; recovery and utilization of vented gas with
vapor recovery units and well plungers.

Addressing unintended leaks from equipment through
leak detection and repair programs (LDAR): regular
inspections (and repair); replace pressurized gas
pumps and controllers with electric or air systems;
replace gas-powered pneumatic devices and

gasoline or diesel engines with electric motors; early
replacement of devices with lower-release versions;
replace compressor seals or rods; cap unused wells.

Plug abandoned oil and gas wells.

0.1 11 0.9

80.2

0.2

Oil refineries: leakage control through LDAR programs;
extended flaring.

Consumer gas distribution networks: leakage control
through LDAR programs; upgrade to PE or PVC
networks.

Long-distance gas transmission pipelines and storage:
leakage control through LDAR programs; equipping

all new pipelines with compact (non-leak) flanges;
refurbishment or replacement of existing pipelines.

&
¥ AGRICULTURE
b o

43

31l

8.3 27 25

8.1 9.8 9.2

10.8

0.5

Oxidation of ventilation air methane through use of
Regenerative Thermal Oxidizers, RTOs.

Pre-mining degasification.

Abandoned coal mines: flooding of mines.

Water management measures e.g., intermittent
aeration and dry direct seeding; alternative rice hybrids;
soil amendments e.g., sulphate-containing substrates
and biochar.

4.7

0.7 47 47

Ban or enforcement of existing bans.

9.7

19

-4.2

Pigs on farms > 100 Livestock units* with liquid
manure systems: Anaerobic digesters with biogas
recovery.
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Sector

Livestock enteric
fermentation
emissions

AGR TOTAL

jf‘iWASTE

Municipal solid
waste

Industrial solid
waste

Domestic
wastewater

Industrial
wastewater

2030
emissions
under
current
legislation

Mt/ yr

112

157

37

12

Technical methane mitigation
potential by sector in 2030

NDCs
and MTFR
MAPs

MTFR
low-cost

Mt/ yr Mt/ yr Mt/ yr

0.7 7 12
(7.7 (16)" 3y
11 24 17
43 5.9 5.7
(7.77 (15)° (14)°
0.1 1.8 12

(0.7)° (5.9) (5.6)¢

0.1 0.5 0

0.2 4.8 4.8

Implementation
Costs
MTFR MTFR

low-cost

bUSS$/yr  bUS$/yr

34 0.2

38 -3.5

-6.5 7.2

0.4 -0.8

4 0

-6.5 .9

Methane mitigation measures

Smallholder & pastoralist systems in Africa: climate
resilience measures i.e., human and animal vaccination
against zoonotic diseases, emergency feed storage,
and female empowerment.

Dairy and non-dairy cattle on farms > 50 Livestock
units and at least partly housed: Breeding for multiple
traits to enhance productivity and animal longevity and
fertility; enhanced feed efficiency; use of feed additives
(3-NOP or red seaweed).

Dairy and non-dairy cattle on farms >50 Livestock units
in pasture-based systems in Americas, Australia &
New Zealand: Breeding for multiple traits to enhance
productivity and animal longevity and fertility; inter-
seeding with grass legumes to improve quality of feed.

Sheep and goats on farms > 50 Livestock units:
Breeding for multiple traits to enhance productivity and
mal longevity and fertility.

Upgrade to managed landfills with gas recovery &
utilization; source separation and treatment of organic
waste in biogas digesters, composts or through
recycling.

Upgrade to managed landfills with gas recovery &
utilization; anaerobic digestion with biogas recovery;,
composting; energy recovery.

Two-stage anaerobic treatment with biogas recovery
followed by aerobic treatment; upgrade of existing
capacity at end of plant lifetime.

Two-stage anaerobic treatment with biogas recovery
followed by aerobic treatment; upgrade of existing
capacity at end of plant lifetime.

1 Other fuel combustion sources are projected to contribute 7.4 Mt/yr in 2030, but are not included in this table due to limited identified
mitigation options.

2 Emissions reduction potential from enteric fermentation measures in 2040 including full effect of breeding measures implemented pre-2030.
Effects on methane emissions reductions from breeding through selection of traits that target enteric methane both at individual and stock
levels are only assumed to be realized from 10 years after the start of the breeding scheme.

3 Emissions reduction potential in 2040 from the waste sector measures implemented pre-2030. Full effect on methane emissions are realized
with a time-lag of 10—20 years due to continued decomposition of organic waste deposited in landfills.

4 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Livestock_unit_(LSU)
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The Energy Sector

The energy sector offers the largest share of ready-to-implement, cost-effective methane
mitigation options. Under current legislation, annual methane emissions from the energy
sector are projected to decline slightly in this decade but will then increase by 8 per cent by
2050, compared with 2020 levels. Achieving energy sector mitigation commitments in NDCs
and MAPs could reduce emissions by up to 26 Mt by 2030. This, however, remains far below
the potential of full deployment of MTFRs, which could reduce emissions from the energy
sector by 94 Mt per year by 2030 compared with CLE 2030, in line with the GMP target. The
combined total annual cost for MTFR measures in the energy sector is USS98 billion, which
is equivalent to just 2—4 per cent of the sector’s income in 2023 — and this estimate does not
include environmental benefits.

To achieve this additional mitigation potential, urgent and coordinated action is needed

to scale up proven solutions and fully harness notable recent progress in methane policy,
particularly in oil and gas, as well as kickstarting action in the coal sector, which lags
significantly behind. Despite readily available low-cost mitigation options in the coal sector,
such as Regenerative Thermal Oxidizers (RTOs), pre-mine degasification, abandoned-mine
methane control, and improved mine closure, technical and economic challenges, along with
a lack of global voluntary initiatives for companies, have hindered action. Nonetheless, some
jurisdictions, including such major coal producers as Australia and China, have recently
taken steps to regulate coal methane emissions.

Since the launch of the GMP in 2021, oil and gas regulations have expanded and become
more innovative. Comprehensive frameworks now cover many major producing regions. The
European Union has introduced the world's first methane import standard, while countries
including Brazil, Canada and Kazakhstan are strengthening national regulations. Voluntary
initiatives by the industry have also grown rapidly, programmes such as the Qil and Gas
Methane Partnership (OGMP) 2.0 and the Oil and Gas Decarbonization Charter (OGDC) now
cover 40—-45 per cent of global oil and gas output, more than doubling their reach in recent
years.

Critical implementation barriers, however, persist: fragmented regulation, weak enforcement,
lack of emissions monitoring capacity, limited access to finance in the case of national

oil companies (NOCs) in least developed countries, and inconsistent data transparency.
Addressing these barriers through targeted policy, finance, and capacity and technical
assistance is needed to realize the technical potential. While there are many efforts
underway, there needs to be a shift to move from fragmented voluntary efforts to more
coherent and enforceable action.

The Waste Sector

Without additional action, methane emissions from waste are projected to increase by

13 per cent by 2030 and 56 per cent by 2050, compared with 2020 levels. This rise is
driven by population and economic growth, along with expanded waste and wastewater
collection, which provides significant health and environmental benefits but also increases
methane emissions unless targeted mitigation measures are implemented in parallel. Even
with current pledges in the latest NDCs and MAPs, annual emissions from the sector are
expected to grow by 3 Mt in 2030 compared with 2020.

Full deployment of methane targeted measures in the sector could reduce annual emissions
by 13 Mt per year by 2030, compared to CLE 2030. But the mitigation benefits of these pre-
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2030 investments in landfill and waste management systems are projected to grow to 21 Mt
per year by 2040, as methane emissions from legacy waste can persist for decades.

These mitigation opportunities could deliver significant cost savings, USS9 billion annually
primarily due to energy savings through methane capture. Simple interventions — such as
preventing food loss and waste, promoting household- and community-level composting,
and enforcing basic operational standards at disposal sites — could yield immediate results
with minimal investment.

Many countries and municipalities are demonstrating that significant methane mitigation
in the waste sector can be achieved cost-effectively, and often at net savings. Successful
implementation is underway in diverse contexts, supported by a growing body of
international initiatives and financing tools.

Despite this progress, key barriers remain, particularly in low- and middle-income countries.
Weak regulatory frameworks and enforcement, insufficient infrastructure and technical
capacity, fragile financial systems with low fee collection, underdeveloped markets and
limited demand for valorised outputs, fragmented governance, and low public awareness
collectively constrain integrated waste management, limiting the prevention, separation and
valorisation of organic waste as well as other methane mitigation opportunities in the sector.

Implementation of waste sector methane targeted technical measures should go hand

in hand and align with longer-term decarbonisation and circular-economy objectives,
prioritizing upstream measures such as mechanisms and incentives to prevent food loss
and waste, together with mandatory source separation, while also considering consistent
treatment of organic wastes and valorisation infrastructure, and improved landfill
engineering to ensure the sector contributes meaningfully to global methane abatement
goals. Cost-effective interventions, including composting, black-soldier-fly facilities and basic
waste treatment operational standards, can deliver significant results. Economic and fiscal
instruments are key to promoting the separate collection and valorisation of organic waste,
enabling the development of infrastructure and driving methane mitigation solutions in the
waste sector.

The Agricultural Sector

The agricultural sector is the largest source of anthropogenic methane emissions. Emissions
vary by region, with the G20+ group of countries responsible for 61 per cent of agricultural
methane, equivalent to one-quarter of total anthropogenic methane emissions.

Agricultural methane emissions are projected to increase by about 8 per cent by 2030 and
around 17 per cent by 2050, compared with 2020 levels. This growth is driven largely by
demand for food for a growing global population and the expansion of livestock numbers in
Africa and Latin America, and with the non-G20+ regions experiencing the largest increases
in emissions. Due to these drivers, even with the implementation of current NDCs and MAPs,
emissions from agriculture would still rise by up to 4 per cent by 2030 compared with 2020
levels.

Yet, the agricultural sector has the technical potential to reduce emissions by 24 Mt per year
by 2030, 8 per cent below 2020 levels in this decade, and 7 per cent by 2050.
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Low-cost measures measures could be implemented at a total annual cost of USS2.5 billion,
while reducing annual methane emissions by 17 Mt by 2030. This investment amounts to
less than 3 per cent of the subsidies governments currently allocate to the sector every year.
Repurposing even a small share of these subsidies could significantly help finance methane
mitigation.

There has been a generally positive trend in the development of policies targeting
agricultural methane emissions over the past decade, particularly in the areas of animal
waste management. This progress has been most notable in Asia-Pacific, Europe and North
America, where enabling policy environments and accessible technologies have driven the
adoption of measures to reduce emissions from manure. Despite this progress, however,
only a small share of GMP participating countries have policies directly addressing key
methane sources in the sector.

This reflects a broader misalignment between the focus of methane policies and the actual
sources of emissions. While animal waste is more commonly regulated, for example,
enteric fermentation, a much larger source of methane emissions globally, remains under-
addressed. Additionally, policies to reduce emissions from rice cultivation and agricultural
biomass burning are often missing in key regions and high-emitting countries in Asia. In
addition, there is still limited evidence for policies effectiveness in reducing emissions or the
costs of their implementation. This lack of data presents a challenge for scaling up efforts in
a targeted and efficient manner.

To close these gaps, countries must transition from short-term, fragmented measures to
long-term, holistic and equity-based policies.

The Role of Empirical Data

Transparent, reliable data is essential for tracking progress toward methane-reduction
commitments by governments and industries. The effectiveness of mitigation strategies
hinges on data that are robust, accessible and credible, enabling stakeholders to maximize
the impact of their commitments. Transparent, measurement-based monitoring — applied
frequently and across representative areas — allows policymakers and operators to
accurately assess progress, ensuring that operational and policy-driven shifts translate into
tangible climate benefits. A new generation of policies, such as the European Union Methane
Regulation, also rely on availability of such data to be implemented effectively.

Satellite-based coverage and global ground and airborne observation networks need

to be strengthened. Dense, near-source regional studies continue to reveal significant
underreporting of methane emissions, particularly within the fossil fuel sector. Increasing
accuracy of data requires expanding satellite-based coverage and strengthening global
ground and airborne observation networks. Reconciling differences between regional and
global estimates through systematic gap analyses will improve the accuracy of emissions
inventories by reducing the reliance on generic emission factors and enhance trust in

the data that underpins mitigation planning. Without rigorous verification, persistent
underreporting could compromise efforts to design effective policies and measure progress
towards emissions-reduction goals.
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Industries and regulators should be equipped with the capacity to deploy these
measurement approaches and tools effectively. Measurement approaches fulfil two critical
functions: identifying large-scale emission patterns to inform inventories and long-term
tracking, and providing highly granular, site-level data to guide operational mitigation and
regulatory enforcement. Ensuring the robustness of quantification methodologies through
rigorous testing remains vital for maintaining data quality and stakeholder trust. The

fossil fuel sector demonstrates how direct measurement tools can significantly improve
mitigation effectiveness; extending their use to other anthropogenic methane sources offers
substantial untapped potential. Equipping industries and regulators with the capacity to
deploy these tools effectively, and ensuring the resulting data are actionable and relevant,
will be key to accelerating methane reductions globally.

Unlocking Finance

Methane finance is growing, but still insufficient for meeting 2030 needs. Tracked methane
finance has risen in recent years, with Climate Policy Initiative (CPI) analysis showing an 18
per cent increase to an annual average of US$13.7 billion in 2021 and 2022. This, however,
remains far below the estimated USS$127 billion net annual cost by 2030 to implement
technical abatement measures consistent with the GMP target. While significant, these
costs represent only about 6 per cent of global climate finance flows in 2023 and just over
half of the year-on-year increase in climate finance from 2022 to 2023. The energy and
agricultural sector mitigation costs also represent a small fraction of sectoral revenues or
harmful subsidies, suggesting the financing challenge is surmountable.

Closing the investment gap requires supportive policies to attract private-sector leadership
and secure commercial finance. Addressing the methane finance shortfall demands action
from a diverse range of sources, but access to capital is not always the primary barrier.
Policy gaps, limited institutional capacity, inadequate data and a lack of bankable projects
often impede progress. Particularly in developing economies, catalytic public or philanthropic
funding for technical assistance, capacity support and institutional strengthening, as well as
project preparation, is crucial. With supportive policies in place, many methane abatement
measures are cost-effective, spur private-sector action and secure commercial finance.

Development and private finance have a pivotal opportunity to scale support. Development
finance institutions (DFIs) currently provide about USS3 billion annually for methane
mitigation — small compared with their USS2.5 trillion in total yearly investments. Yet
methane abatement delivers co-benefits aligned with development mandates and DFls have
an opportunity to scale support, while private-sector actors, including corporations, investors
and financial institutions, are emerging as critical drivers of methane finance. Expanding
engagement from both groups will be key to closing the methane investment gap and
accelerating progress towards global climate goals.
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Introduction

Methane (CH,) is both a dangerous climate forcer and a harmful air pollutant. As the
second most significant contributor to human-induced warming after carbon dioxide (CO,),
methane has a potent short-term warming effect and is a major precursor to ground-level
ozone (0,), which harms human health, agriculture and ecosystems

28

Over the past decade, methane has gained unprecedented political attention, driven in part
by the findings of the 2021 Global Methane Assessment (GMA), which demonstrated that
targeted measures across key sectors — energy, agriculture and waste — could deliver rapid
methane reductions consistent with the Intergovernmental Panel on Climate Change (IPCC)
pathways for limiting warming to 1.5°C and 2°C. Building on this momentum, the Global
Methane Pledge (GMP) was launched at 2021 United Nations Climate Change Conference
(COP26) by the European Union and the United States of America, who have since been
joined by many other countries, as the first global policy initiative to reduce anthropogenic
methane emissions. The GMP united countries around the collective goal of reducing global
methane emissions by at least 30 per cent below 2020 levels by 2030.

2025 marks the half-way point of the GMP. As of April 2025, 159 countries plus the European
Commission have joined the GMP, covering 57 per cent of global emissions. Some of these
countries have now submitted methane action plans (MAPs) or methane roadmaps to the
Climate and Clean Air Coalition (CCAC), while many more have included measures targeting
methane emissions in their Nationally Determined Contributions (NDCs) submitted to the
United Nations Framework Convention on Climate Change (UNFCCC), signaling strong
political will to tackle this critical pollutant.

The purpose of this report is to provide GMP country participants and the international
community with a clear picture of global progress on methane mitigation and the remaining
gap to achieving the GMP and stay on a sustainable pathway towards midcentury. It also
showcases successes to inspire increased ambition to rapidly deliver multiple climate and
air-quality benefits.

The report starts by looking at the status of emissions and emission projections to 2030 and
2050 under different scenarios, then assesses associated costs and benefits (Chapter 2). It
then presents the latest developments and trends in methane abatement policy, associated
barriers and solutions, and provides key recommendations on the way forward to reap the
full mitigation potential assessed in the previous chapter (Chapter 3). Chapter 4 discusses
the importance of observed emissions in support of effective methane abatement policies,
while Chapter 5 provides an analysis of the methane abatement financing landscape.
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Box 1.1: The Global Methane Pledge

The GMP was launched at COP26 by the European
Union and the United States of America who have

since been joined by many other countries — by

August 2025, a total of 159 countries together with the
European Commission have participate in the Pledge.
Participants to the Pledge agree to take voluntary action
to collectively reduce global methane emissions at least
30 per cent from 2020 levels by 2030. This is a global,
not a national, reduction target. When joining the GMP,
participants commit to:

take comprehensive domestic action to achieve
the global methane reduction target;

move towards using the highest tier IPCC good-
practice inventory methodologies to quantify
methane emissions and work to continuously
improve the accuracy, transparency, consistency,
comparability and completeness of national
greenhouse gas inventories;

maintain up-to-date, transparent and publicly
available information on their policies and
commitments; and

support existing international methane emission
reduction initiatives to advance technical

and policy work that will serve to underpin
participants’ domestic action.

3
4
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https://www.ccacoalition.org/fr/content/global-methane-pledge

https://www.ccacoalition.org/content/methane-technical-assistance
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Since its launch, the GMP has generated unprecedented
momentum for methane mitigation, with major work
underway in six action areas: the energy pathway; the
waste pathway; the food and agriculture pathway;
methane plans and policies; data for methane action;
and finance for methane abatement.

The GMP leadership guides and facilitates collective
efforts under the Pledge. It is composed of the GMP
co-conveners, the European Union and Canada, as well
as other Champion countries including Germany, Japan,
the Federated States of Micronesia, Nigeria, and the
United Kingdom of Great Britain and Northern Ireland.

The UNEP-convened CCAC® provides secretariat
services to the GMP. The CCAC has a comprehensive
system to help countries deliver on methane abatement,
from policy support, institutional strengthening, and
sectoral transformation, to policy-relevant research

and analysis. Information is available on the Methane
Technical Assistance Portal“.
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2025 Global Progress Analysis
on Methane Emissions

Key messages

»  Since 2020, global anthropogenic methane emissions have risen by a few per cent.
Agriculture accounts for 42 per cent of emissions, energy 38 per cent, and waste
20 per cent. The G20 plus group of countries (G20+)® generates 65 per cent of
emissions. The rest of the world (the non-G20+ regions) is dominated by emissions
from Africa, Latin and Central America, the Middle East, and South-East Asia.

» Under current legislation anthropogenic methane emissions are projected to
increase 5 per cent by 2030 and 21 per cent by 2050 from 2020 levels. In the
non-G20+ regions, emissions could reach 16 per cent above from 2020 levels by
2030 and 53 per cent by 2050.

»  Since the launch of the GMP, the projected 2020-2030 increase is 40 per cent
lower than was projected in the 2027 GMA baseline. This translates into the 2030
emissions level being 4 per cent lower than in the older pre-GMP projections, but the
2030 emissions level is still projected to increase from the 2020 level.

» Implementation of measures in NDCs and MAPs would cut 2030 emissions by up
to 8 per cent below 2020 levels, the largest and most sustained decline since the
Industrial Revolution, but short of the GMP target.

» Implementing pledged measures would cost USS$29 billion annually and yield
USS107 billion in direct health, crop, and labour benefits by 2030. Adding the social
cost of methane would provide additional benefits of USS100 billion in 2030 with
cumulative potential climate damage avoided that could be worth US$1,900 billion
by midcentury.

»  With full implementation of maximum technically feasible reductions (MTFR) using
technical methane control measures global methane emissions could be reduced
by 32 per cent below 2020 levels by 2030.

» In 2030, the energy sector holds 72 per cent of global technical mitigation potential,
agriculture 18 per cent and waste 10 per cent. The waste sector holds significant
mitigation potential in the post-2030 timeframe, making early investment essential.

5  Throughout this report, the G20 plus group of countries (G20+) includes the 19 sovereign countries of the G20, i.e., Argentina, Australia, Brazil,
Canada, China, France, Germany, Italy, India, Indonesia, Japan, Mexico, the Russian Federation, Saudi Arabia, South Africa, the Republic of
Korea, Turkiye, the United Kingdom of Great Britain and Northern Ireland, and the United States of America, plus remaining 24 European Union
countries, 3 Western European countries Norway, Switzerland and Iceland, and New Zealand.
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Full implementation of all technical measures comes at a net annual cost of
USS$127 billion. But, 83 per cent of the 2030 technical mitigation potential is low-
cost — 86 per cent of the total mitigation potential in the energy sector, 70 per
cent in the agricultural sector and almost 90 per cent in the waste sector — with a
total annualized global net saving of USS8 billion when considering valorisation of
recovered methane.

The G20 plus group of countries (G20+) could reduce emissions by 36 per cent in
2030, compared to 2020, through full implementation of technical measures, which
represents 72 per cent of the global MTFR. Both the G20+ and the non-G20+ regions
have significant technical reduction potentials in the energy sector, respectively
estimated at 63 and 35 Mt in annual reductions in 2030.

Full implementation of MTFR measures would be associated with significant
benefits including more than 180,000 avoided premature deaths per year by 2030,
along with avoiding 560,000 asthma-related emergency-room visits, nearly 19 billion
tonnes of losses in maize, rice, soybeans and wheat, and nearly 53 billion hours of
lost labour for outdoor workers. The associated benefit valuation exceeds USS330
billion annually.

If sustained to 2050, these benefits would rise to more than 290,000 avoided
premature deaths per year by 2050, along with avoiding almost 900,000 asthma-
related emergency-room visits, nearly 30 billion tonnes of crop losses, and more
than 80 billion hours of lost labour for outdoor workers. The associated benefit
valuation exceeds USS500 billion annually. The associated avoided warming
averaged over 2060—2090 could be up to 0.31°C.

Methane mitigation action and ambition must continue, and be strengthened,
beyond 2030. Full implementation of MTFR measures combined with parallel
efforts to both decarbonize the global energy system and implement demand-
side measures, targeted at human dietary changes and reducing the generation of
food waste, could deliver a reduction of 53 per cent by 2050, consistent with 1.5°C
pathways.
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2.1

Introduction

This chapter quantitatively assesses the status of progress, as of April 2025, on methane
mitigation and the remaining gap to the 2030 target using the International Institute for
Applied Systems Analysis’ (IIASA) Greenhouse Gas and Air Pollution Interactions and
Synergies (GAINS) model.

It first reviews global methane emission sources and discusses the change in the baseline
emissions scenario (Section 2.2). It then presents the mitigation scenario used in the
modelling for this report (Section 2.3), analyses emissions trends compared across different
scenarios for 2030 and 2050 as well as associated costs and benefits, presents top
mitigation opportunities (2.4), and provides conclusions on global progress and trends (2.5).

2.2 Base year 2020 methane emissions and sources

Figure 2.1:
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For this report, global anthropogenic methane emissions are assessed in 2020 at 352 Mt,
up from 300 Mt in 2000 and 325 Mt in 2010. The agricultural sector represented 146 Mt,
almost 42 per cent; the energy sector 135 Mt, 38 per cent; and 71 Mt, 20 per cent, from the
waste sector. Figure 2.1 shows how these estimates closely match other global bottom-

up inventories from the Emissions Database for Global Atmospheric Research (EDGAR)
(Crippa et al. 2024), the Community Emissions Data System (CEDS) (Hoesly et al. 2024), and
the United States Environmental Protection Agency (USEPA) (2019; 2025), and to the most
recent top-down inversion from the Global Carbon Project (Saunois et al. 2025). For biogenic
sources from agriculture, and waste, the bottom-up inventories align well, even though the
top-down estimate is somewhat higher. The GAINS and the USEPA bottom-up inventories
from 2019 report higher emissions from fossil-fuel sources than EDGAR, CEDS and the most
recent USEPA (2025) inventories.

Global anthropogenic methane emissions in 2020 across various recent bottom-up (BU) and top-down
(TD) inventories, million tonnes.

Oil and gas production

O,

m Coal mining

m Combustion — fossil fuels

m Combustion — biomass fuels

m Agricultural waste burning

m Wastewater

m Waste

H Rice cultivation

m Livestock

B TD Fossil fuels

B TD Biomass and biofuel burning

N TD Agriculture, waste and wastewater

GAINS BU 2025 CEDS BU 2024 EDGAR BU 2024 USEPA BU 2019 USEPA BU 2025 Global Carbon  Global Carbon

Project BU 2025 Project TD 2025

Source: IASA-GAINS 2025; CEDS Hoesly et al. 2024, EDGAR Cripps et al. 2024; USEPA 2019, USEPA 2025; Global Methane Budget

Saunois et al. 2025
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Most recent estimates point to enhanced methane emissions from tropical and mid-latitude
wetlands, along with continued anthropogenic emissions. Methane emissions from wetlands
are projected to rise in the coming decades, implying that larger reductions in anthropogenic
methane may be needed to reach pathways consistent with a given warming target. Part of
the growth in the methane atmospheric burden since 2007 may be due to changes in the
main methane sink, atmospheric hydroxyl (OH) (Liu et al. 2025; Morgenstern et al. 2025).
Moreover, there may have been a significant impact of COVID lockdowns on hydroxyl during
the years 2020—-2021, which may help explain the extreme growth in atmospheric methane
concentration in those years (Chen et al. 2025). More details on natural emissions are
presented in the Technical Annex.

2.3 Current legislation and mitigation scenarios

Figure 2.2:
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2.3.1  Current legislation emissions scenario

The current legislation emissions (CLE) scenario, developed as the baseline/business-as-
usual (BAU) scenario for this report, assumes implementation of all legislation affecting
methane emissions as of December 2024, with impacts through to 2030 and 2050. The
scenarios use the GAINS model for country-specific uptake of methane control policies and
measures (Hoglund-lsaksson et al. 2012; 2020; 2023), with updates for the beyond 2015
period conducted for this report. Under the CLE scenario, annual global anthropogenic
methane emissions increase to 369 Mt by 2030, 5 per cent above 2020 levels, and then
reach 427 Mt by 2050, 21 per cent above 2020 levels (Figure 2.2). The methodology and
assumptions for the CLE scenario are detailed in the Technical Annex.

Global anthropogenic methane emissions in the CLE scenario, 1990-2050, million tonnes per year.
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The energy sector shows a slight decline in emissions between 2020 and 2030, driven by

a 12 per cent projected drop in oil production, and a modest 8 per cent increase by 2050.
The agricultural and waste sectors both display strong growth, up by 8 and 13 per cent,
respectively, between 2020 and 2030, with population growth and economic development
driving demand for food and waste generation. In the agricultural sector, livestock emissions
grow by 10 per cent between 2020 and 2030 and by 21 per cent by 2050, both relative to
2020, with growing cattle herds the main driver, in particular in Latin and Central America
where annual cattle emissions grow by 12 per cent by 2030 and 26 per cent by 2050, relative
2020 level. Rice cultivation accounts for about 20 per cent of agricultural emissions in

2020 with only a few per cent increase expected to 2030 and 2050, but with strong regional
differences including a slight decline in China and increases of 8 per cent in India and more
than 40 per cent in Africa between 2020 and 2030. In the waste sector, sharp increases in
emissions of 13 per cent by 2030 and 56 per cent by 2050, relative to 2020 respectively, are
expected, driven by population and economic growth and improved waste and wastewater
collection rates. These changes bring important health and environmental benefits by
replacing open burning and scattered waste with managed landfills; however, because

large amounts of waste are currently scattered or openly burned, about 40 per cent or more
in Africa, India and South-East Asia, moving this waste to landfills tends to temporarily
increase methane emissions before they drop with landfill upgrades and diversion to circular
treatment measures.

The G20+ emits 65 per cent of global anthropogenic methane emissions in 2020 (Figure
2.3). Within this group, China released 58 Mt in 2020, 16 per cent of global emissions;
followed by the United States of America at 35 Mt, 10 per cent; India at 31 Mt, 9 per cent; the
Russian Federation at 24 Mt, 7 per cent; the European Union with rest of Western Europe
and the United Kingdom of Great Britain and Northern Ireland at 17 Mt, 5 per cent; and

Brazil likewise at 17 Mt, 5 per cent of global emissions. Between 2020 and 2030, the G20+

is projected to maintain, or slightly reduce, emissions primarily due to policy-driven declines
in Australia, Canada, Europe, the Russian Federation and the United States of America. Key
contributors are regulations to improve waste and wastewater management and regulations
to control emissions from fossil-fuel production and gas infrastructure. The overall decline
is a combined effect of policies already implemented and an expected decline in some
activities, in particular oil and coal extraction in key producing regions. Without further policy
interventions targeted at methane, however, emissions rise above the 2020 level by 2050,
mainly due to increases in fossil-fuel extraction and livestock numbers.

All countries not included in the G20+ are categorized as belonging to the non-G20+ regions,
i.e., most of countries in Africa, Middle East, Latin and Central America, Eastern Europe,
Central Asia and South-East Asia. For the entire non-G20+ regions, methane emissions

are expected to rise by 16 per cent by 2030 from the 2020 level and by 53 per cent in 2050
relative to 2020. Major contributing sources are an increase in oil and gas production in
some African and Middle Eastern countries, and fast economic and population growth in
Africa and Latin America, driving increases in the generation of organic waste and cattle
herds.
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Figure 2.3:  Global anthropogenic methane in the GAINS CLE scenario by region, 1990-2050, million tonnes per year.
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2.3.2  Mitigation scenarios

Alternate future emission scenarios (Table 2.1) define different pathways to reduce
emissions below the CLE scenario through methane-targeted measures. The GAINS
model considers over 40 readily available technical methane mitigation measures across
the agricultural, energy, and waste sectors. For ease of communication, measures have
been aggregated into groups (Table 2.7). More than 80 per cent of the technical mitigation
potential in 2030 is available at a low average cost of less than US$1,000 per tonne of
methane reduced, or USS36 per tonne of carbon dioxide equivalent (CO,eq). In addition

to technical measures, demand-side measures, including shifts to healthier and more
sustainable human diets and reductions food waste generation, are considered. Finally, the
sensitivity of methane emissions to dedicated efforts for phase out the use of fossil fuels
and deep decarbonization of energy systems is analysed. More details on the mitigation
scenarios are available in the Technical Annex.
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Table 2.1: Scenarios used in this report to project future anthropogenic methane emissions.

Scenarios name

Abbreviation

Definition

Current legislation emissions

Current NDCs and MAPs

Maximum technically feasible
reduction at low cost

Maximum technically feasible
reduction

Demand-side measures

Decarbonization

CLE

NDCs and MAPs

MTFR low-cost

MTFR

Demand

Decarb

37 UNEP | Global Methane Status Report

This scenario considers no further uptake of methane control measures beyond
those prescribed in legislation as of December 2024.

This scenario assesses a high ambition implementation of technical measures
stated in NDCs and MAPs as of May 2025, see Technical Annex for details.

The formulation of measures in NDCs and MAPs is often vague with limited
quantifications of expected future impacts on emissions. Uncertainty remains
high, in particular regarding implementation effectiveness and enforcement.

To the extent that demand-side measures, such as human dietary changes and
reduction in food waste are mentioned in the NDCs, the effects are integrated into
this scenario.

This scenario projects the impact of maximum technically feasible reduction,
through implementation of low-cost measures, defined as existing methane
control technologies available at an average abatement cost below US$1,000
per tonne of methane (i.e., below US$36 per tonne of CO,eq when using a Global
Warming Potential (GWP) over 100 years from the IPCC (2015).

This scenario assesses the impact of maximum technically feasible reduction,
through implementation of more than 40 existing methane control technologies.
It excludes high-cost measures above an average abatement cost of US$15,000
per tonne of methane (i.e., above USS500 per tonne of CO,eq). The scenario
assumes a full technical potential implemented from 2030 and beyond, although
for some measures the full impact on emissions appears with a delay, for
example, targeted breeding of livestock and upgrades of landfills.

This scenario projects demand-side measures to stimulate shifts towards
healthier and more sustainable human diets, and reductions in food waste
generation in the retail and consumer segments. Implementation of these
measures is examined in the context of the MTFR (MTFR+Demand) scenario,
with demand-side measures added on top of MTFR technical measures.
Substitutions between demand-side and technical measures may reach emission
reduction targets, e.g., combining less than full implementation of MTFR with
uptake of demand-side measures. As demand-side changes are typically slow,
impacts on emissions are assumed from 2040 onward, provided measures start
in the pre-2030 period.

This scenario projects a strong decline in the supply and demand for fossil

fuels leading to deep decarbonization of energy systems. It is based on IPCC
Shared Socioeconomic Pathway 1 (SSP1) energy drivers. In the analysis below,

it combines with the MTFR scenario (MTFR+Decarb) to assess the impact of
combined uptake of decarbonization and targeted methane control technologies.



2.4 Results

Figure 2.4:

450
400
350
300

250

Mt CH, per year

200

150

100

50

0

The scope for reducing anthropogenic methane emissions in each scenario above is
illustrated in Figures 2.4 and 2.5 and analyzed in subsequent sections for 2030 and 2050.
The analysis also calculates costs of mitigation. In addition, with methane being a precursor
of tropospheric ozone, the effects of the reduced ground-level ozone exposure associated
with methane emissions reductions are also analysed. These include effects on human
health, reduced climate change, ground-level ozone exposure on crop yields, and the effects
of reduced heat exposure on labour productivity for outdoor workers. The methods largely
follow those used in the GMA (UNEP and CCAC 2021), with the addition of ozone-related
premature deaths in children under 5 years old as described in Shindell et al. (2024)°.
Additional benefits and impacts, such as differentiated gender impacts, are likely but were
not quantified in this study.

While gender-based differences in vulnerability to ambient air pollution have not been widely
explored (Liu et al. 2020), studies suggest that health responses may differ between women
and men and between girls and boys (Clougherty 2010). Women, for example, tend to be
more vulnerable to the adverse health effects of tropospheric ozone exposure. Climate
change impacts also differ for men and women, largely as a result of and amplification of
existing gender dynamics — with women being disproportionally negatively affected (UN
Women 2022).

Comparison of global anthropogenic methane emissions under different scenarios, 1990-2050, million
tonnes per year. Global anthropogenic methane emissions from 1990 to 2050 in the analyzed scenarios and
in comparison to the GAINS model baseline scenario used in the CCAC GMA.

EE CLE for Non-G20+ regions

I CLE for G20+

Baseline GMA 2021

e NDCs and MAPs

GMP target: 30% reduction in global emissions

by 2030 from 2020 levels

=+ = MTFR low-cost

MTFR

A MTFR+Demand+Decarb

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Note: Since NDC 3.0 mitigation pledges end in 2035, the benefits relative to 2020 emissions peter out over time in the NDCs and
MAPs scenarios, as underlying drivers for emissions continue to increase.

Source: IASA-GAINS 2025; UNEP and CCAC 2021.

6 Uncertainties around these central estimates are approximately +45 per cent for premature deaths, 40 per cent for crop yields, +37 per cent
for emergency-room visits, +84 per cent for hospital admissions, +70 per cent for lost work hours and +50 per cent for valuation.
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Figure 2.5:
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2.41 The 2030 picture

Since 2020, global anthropogenic methane emissions have increased by a few per cent,
rising to 5 per cent by 2030 without further action, according to the CLE scenario (Figure
2.2). This causes substantial growth in adverse health, agricultural output and labour
impacts (Table 2.2), with annual damage from those impacts alone estimated at about
USS$43 billion in 2030.

Table 2.2: Global impacts of increases in methane emissions in the CLE 2030 scenario relative to 2020 emission.
Temperature results are an average 10-40 years after emissions reductions.

Additional

- Additional deaths asthma-related  Avoided Additional lost .
Additional from ground-level  CroP losses emergency- hospitalizations  work hours Total valuation
warming g (Mt per gency P (billion USS per

o ozone exposure
(°C) (people per year) year) year)

room visits of 65+ year- (million hours
(people per olds (peryear)  per year)
year)

0.025 24,000 2.5 73,000 1,500 6.9 43

Source: Adaptation of GMA 20217 benefits estimates.

Yet, as shown in Figure 2.4, the increase in emissions between 2020 and 2030 in the CLE
scenario is about 40 per cent less than the increase projected in the baseline used in the
2027 GMA (UNEP and CCAC 2021), resulting in 2030 annual emissions being 4 per cent or
14 Mt lower in the more recent CLE scenario. The lower projected emissions are explained
primarily by three factors. First, growth in natural gas production and consumption has
been lower than previously projected, contributing to 17 Mt lower annual emissions in
2030. Second, improved waste management regulations in Europe and North America have
contributed to a saving of 4 Mt projected emissions from the waste subsector in 2030.
Finally, 2030 emissions from the wastewater subsector are projected to be 7 Mt higher,
primarily attributed to its extended centralized collection without improved sewage treatment
in many developing countries.

Taken together, these changes mean a slower growth in global anthropogenic methane
emissions to 2030 than was assumed at the time the GMP was negotiated in 2021, partially
attributable to the increased attention to methane mitigation since its launch. The lower
projection extends beyond 2030, resulting in cumulative 480 Mt less methane entering the
atmosphere between 2020 and 2050.

While emissions, and resulting impacts, are projected to continue rising in the CLE scenario,

the avoided emissions relative to those in the GMA baseline translate into substantial
benefits for the climate, public health and the environment (Table 2.3).
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Table 2.3: Annual global benefits of the reduction of methane emissions from the 2021 GMA baseline to the CLE
2030 scenario.

Avoided deaths Avoided Total
Avoided from ground- Avoided asthma-related Avoided Avoided lost valuation
warming level ozone crop emergency- hospitalizations  work hours (billion
2040-2070 exposure losses (Mt  room visits of 65+ year- (million hours US$ per
(°C) (people per per year) (people per olds (per year)  per year) P
year) year) year)
CLE 2030
vs 2021
GMA 0.021 20,000 2 60,000 1,200 5,700 36
baseline
2030

Source: Adaptation of GMA 2021 benefits estimates.

Methane mitigation commitments, formulated in the NDCs and MAPs, and interpreted in
the GAINS model framework assuming an ambitious level of implementation of measures
mentioned in the NDCs and MAPSs, could reduce annual global emissions by up to 8 per
cent below the 2020 level by 2030. This suggests the ambition in current commitments
would not meet the GMP global target of at least 30 per cent reduction below 2020 levels
by 2030. Globally in 2030, the methane mitigation from full implementation of all measures
mentioned in the NDCs and MAPs scenarios represents up to 24 per cent of the reductions
possible in the MFTR scenario, indicating scope for substantial additional technical
mitigation potential this decade.

While the methane reductions embodied in the NDCs and MAPs are insufficient to achieve
the GMP target, they would nonetheless likely represent the largest and most sustained
decrease in anthropogenic methane emissions in the entire historical record since the
industrial revolution (Jones et al. 2023)’.

In the energy sector, the model shows NDC and MAP measures could reduce annual
emissions in 2030 by up to 26 Mt, with almost 90 per cent coming from low-cost measures.
In the agricultural sector, despite measures reducing annual emissions in 2030 by up to 11
Mt, including 9 Mt at low cost, net 2030 emissions from agriculture are expected to stabilize
at about the 2020 level, primarily due to expected increases in livestock numbers. Measures
in the waste sector in the NDCs and MAPs could reduce annual methane emissions in 2030
by up to 5 Mt, although net annual emissions from the sector would still increase by 3 Mt
above 2020 levels, due to population and economic growth and extended waste collection
without upgraded treatment in some world regions. About 85 per cent of the emission
reduction from waste measures mentioned in the NDCs and MAPs is available at low-cost.
Most of the emission reduction potential in this sector would materialize post-2030 due to
the large amounts of organic waste already stored in landfills and the delay in the release
of emissions caused by the time it takes for organic waste to decompose. This means that
pre-2030 investment in improved waste management in the NDCs and MAPs is expected
to reduce annual emissions by up to 8 Mt from 2040 onward, underlining the urgent need
for investment to reap the considerable emissions-reduction potential in this sector in the
coming few decades.

7  The largest previous drop in the historical record was a decrease that lasted for 4 years and reached a maximum of 7 Mt per year in 1979-1983.
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The total annualized cost in 2030 for implementation of measures mentioned in latest NDCs
and MAPs is estimated at USS$29 billion per year, of which USS$17 billion per year will come
from the agricultural sector, US$12 billion per year from the energy sector, USS7 billion per
year from the wastewater subsector and a net saving of USS7 billion per year in the waste
subsector. The last is the result of valorisation of recovered biogas and recycled materials
outweighing costs. Given the significantly larger technical mitigation potential available at
low cost in the energy sector than in agriculture, it is noteworthy that the total annualized
costs for NDCs and MAPs measures in the energy sector are lower than for measures in the
agricultural sector.

For the G20+, the annual cost of the measures mentioned in the NDCs and MAPs is
estimated at USS$S23 billion per year, with USS14 billion per year invested in agricultural
measures, USS11 billion per year in energy sector measures, USS6 million per year in the
wastewater subsector and net savings of USS8 billion per year from improved waste-
management measures. The annual cost for the NDCs and MAPs measures mentioned for
the non-G20+ regions is estimated at a more modest USS$5.1 billion per year, with USS1.9
billion per year for agricultural measures, USS1.0 billion per year for energy-sector measures,
USS0.9 billion for the wastewater subsector and a net cost of USS1.3 billion for improved
waste-management measures.

Globally, the projected decrease in methane emissions from measures included in latest
NDCs and MAPs, lead to 60,000 avoided premature deaths from reduced ozone exposure,
6 Mt of avoided crop losses and 17 billion avoided hours of work losses. Achieving the
methane mitigation envisioned in the NDCs and MAPs leads to benefits valued at USS107
billion per year by 2030 from the impacts considered here (Table 2.4).

Incorporating the social cost of methane to account for a broad array of climate-related
damage would lead to additional benefits with an approximate valuation of US$100 billion
in 2030 depending on the social cost chosen and the use of the NDCs and MAPs scenario.
Some recent studies have performed retrospective analyses of climate and gross domestic
product (GDP) to explore the potential economy-wide effects of multiple climate factors.
These suggest even larger potential benefits from the avoided climate-related damage of
around USS$1,900 billion by mid-century (Kotz et al. 2024), though calculation of the exact
values using their methods for methane-induced climate changes is complex and has not
yet been performed.

Examining global mean temperature changes, relative to the CLE scenario methane
reductions through 2030 under the NDCs and MAPs scenario could achieve between
0.03-0.07°C of avoided warming averaged over 2040-2070 (Table 2.4).
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Table 2.4: Annual global benefits of reduction in methane emissions from CLE scenario to the NDCs and MAPs
scenario, 2030.

Avoided deaths Avoided

Avoided from ground- LD asthma-related  Avoided CERERIESE UG .
. crop e work hours valuation
warming level ozone losses emergency- hospitalizations (million (billion
2040-2070 exposure room visits of 65+ year-
3 (Mt per hours per USS$ per
(°C) (people per ear) (people per olds (per year)
] year) year)
year) year)
NDCs
and
MAPS vs 0.06 60,000 6. 180,000 3,600 17,000 107
CLE

Source: Adaptation of GMA 2021 benefits estimates.

With full implementation of maximum technically feasible reductions using technical
methane control measures listed in Table 2.7, the model analysis shows that annual
methane emissions in 2030 could be 114 Mt lower than in 2020, a reduction of 32 per cent.
A reduction of 26 per cent from 2020 to 2030 could be realized at low-cost. This means that
meeting the GMP target is technically possible but requires close to full implementation of
the MTFR measures and goes beyond those of the MTFR low-cost scenario.

At the sectoral level, in year 2030, 72 per cent of the total mitigation potential from the
MTFR measures lies in the energy sector, 18 per cent in the agriculture sector and 10 per
cent in the waste sector. The reduction potential from MTFR measures in 2030 compared
to CLE 2030, is estimated at 78 per cent (94 Mt per year) for the energy sector, 15 per cent
(24 Mt per year) for the agricultural sector, and 16 per cent (13 Mt per year) for the waste
sector combined. This translates in net reductions in annual emissions in 2030 under the
MTFR scenario, compared to 2020 levels, of 73 per cent for the energy sector, 8 per cent

in the agricultural sector and 5 per cent in the waste sector. In the agricultural sector and
solid waste subsector sectors, low net reduction potentials are partly explained by growth
in underlying drivers such as increased demand for food and waste generation in response
to population and economic development, and partly by technical limitations to control
emissions, in particular within this decade. Practical concerns regarding feed apportionment,
for example, constrain the applicability and effectiveness of feed additives to control enteric
fermentation emissions from livestock, and breeding schemes typically need years to run
for full effect on emissions. This speaks to a need for further research and development of
methane abatement technology, particularly in the agricultural sector.

The total annual mitigation cost for MTFR measures in 2030 is estimated at US$127 billion
per year, USS$223 billion per year in investment and operational costs less USS96 billion per
year in cost savings from valorisation of recovered natural gas and biogas. The net annual
cost for the agricultural sector to fully implement MTFR measures in 2030 amounts to
USS$38 billion per year, USS67 billion per year in annualized investment and operational costs
less USS$29 billion per year from the valorisation of recovered biogas from livestock manure.
For the energy sector, the net annual cost of MTFR measures in 2030 is estimated at USS98
billion per year, including USS138 billion per year in investment and operational costs and
savings of USS$40 billion per year from the valorisation of natural gas recovered through
reduced leaks and venting in the oil and gas subsector. The annual cost of MTFR in the
waste sector in 2030 is estimated at a net saving of USS9 billion per year, including US$18
billion per year in investment and operational costs and USS$27 billion per year from the
valorisation of recovered biogas from landfill gas capture and anaerobic digestion of food
waste and wastewater.

43 UNEP | Global Methane Status Report



44

The emissions reduction potential for low-cost technical measures by 2030, from the MTFR
low-cost scenario, represents 86 per cent of the technical mitigation potential in the energy
sector, 70 per cent in the agricultural sector, and almost 90 per cent in the waste sector. Net
annual costs for implementation of these measures in 2030 are, however, considerably lower
than the cost of MTFR measures, amounting to a net saving of USS8 billion per year. For

the energy sector, this means a net annual cost of USS10 billion per year, for the agricultural
sector a net saving of USS$4 billion per year, and for the waste sector a net saving of US$14
billion per year. Accordingly, there is considerable cost-effective and even net-profitable
potential to reducing methane emissions in all sectors.

For the G20+, the MTFR reduction potential in annual emissions is estimated at 36 per

cent between 2020 and 2030, which corresponds to 72 per cent of the global MTFR
emissions reduction potential. With 60 per cent of global oil and gas production in this
group of countries, the energy sector can contribute the largest reduction at 63 Mt in annual
emissions between 2020 and 2030, of which 54 Mt is available at low or even negative
cost. The non-G20+ regions have an MTFR reduction potential of 26 per cent between 2020
and 2030. For this group of countries, the energy sector can achieve a 35 Mt reduction in
annual emissions between 2020 and 2030 by implementing the full MTFR measures, of
which 30 Mt come at low cost. AlImost the entire net global reduction potential in agriculture
between 2020 and 2030 occurs in the G20+, with the largest reductions coming from
measures to control enteric fermentation and emissions from livestock manure on large
commercial farms, defined as farms with more than 100 livestock units (LSUs), as well as
improved water management and use of low-methane rice varieties in rice cultivation. For
the non-G20+, a full implementation of the MTFR measures in the agricultural sector could
approximately compensate for the expected increase of 10 Mt in annual emissions in 2030
from the 2020 level.

The waste sector in the G20+ can reduce annual emissions by 7 Mt between 2020 and 2030,
with net reductions primarily possible in high-income countries with relatively slow economic
and population growth. For the non-G20+ regions, faster economic and population growth is
expected, resulting in an increase in annual methane emissions from waste of 3 Mt between
2020 and 2030, despite full implementation of MTFR measures. The annual cost of a full
implementation of the MTFR potential in 2030 is estimated at USS70 billion for the G20+ and
USS57 billion for the non-G20+ regions.

Full implementation of the MTFR scenario would lead to approximately 0.20°C of avoided
warming over 2040-2070 (Table 2.5), relative to projections under the CLE one.
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Table 2.5: Annual benefits of global reductions in methane emissions from the MTFR and the MTFR low-cost
scenarios compared to the CLE scenario, 2030.

Avoided az?éd::):r‘::hs LT ::tol:iea({related Avoided CUREUIDR s
. crop o work hours valuation
warming level ozone emergency- hospitalizations - o
losses . (million (billion
2040-2070 exposure room visits of 65+ year-
o (Mt per hours per USS$ per
(°C) (people per (people per olds (per year)
year) year) year)
year) year)
MTFR vs
CLE 0.20 180,000 19 560,000 11,000 53,000 330
MTFR
low-cost 0.16 150,000 16 470,000 9,300 44,000 280
vs CLE

Source: Adaptation of GMA 20217 benefits estimates.

Full implementation of MTFR measures represents between a doubling and a fivefold scaling
up of the emissions-reduction ambition from current commitments under NDCs and MAPs.

Such an increase in ambition compared to the NDCs and MAPs scenario could annually lead
to an additional 130,000 avoided premature deaths from ground-level ozone exposure, 13
Mt of avoided crop losses, and roughly 36 billion avoided hours of work losses, translating to
additional benefits valued at USS$230 billion per year by 2030 (Table 2.6).

Table 2.6: Annual benefits of global reductions in methane emissions from the MTFR compared to the NDCs and
MAPSs scenario, 2030.

Avoided deaths . Avoided .
. Avoided . Avoided lost  Total
Avmdgd from ground- crop asthma-related Av0|c'led. . work hours valuation
warming level ozone emergency- hospitalizations o o
losses . (million (billion
2040-2070 exposure room visits of 65+ year-
S (Mt per hours per USS per
(°C) (people per (people per olds (per year)
year) year) year)
year) year)
MTFR
Z:(:IDCS 0.13 130,000 13 380,000 7,600 36,000 230
MAPs

Source: Adaptation of GMA 20217 benefits estimates.

A summary of 2030 changes in annual emissions and abatement costs from implementation
of technical measures in the NDCs and MAPs and MTFR scenarios is shown in Table 2.7.
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Table 2.7:

Summary of changes in annual emissions and abatement costs in 2030 in scenarios NDCs and MAPs,

MTFR, and MTFR low-cost relative CLE in 2030. Sum of columns may deviate from totals due to rounding.

2030
emissions
under
current
legislation

Technical methane mitigation

Implementation

potential by sector in 2030 Costs
NDCs
and  MrRR | MR ypeg  MTRR
low-cost low-cost
MAPs

“ ENERGY

Mt/ yr

64

Mt/ yr

Mt/ yr Mt/ yr

buS$/yr

6.6

buSS$/yr

3.4

Methane mitigation measures

Extended recovery and utilization of vented gas:
capture of associated gas from oil wells; blowdown
capture; recovery and utilization of vented gas with
vapor recovery units and well plungers.

Addressing unintended leaks from equipment through
leak detection and repair programs (LDAR): regular
inspections (and repair); replace pressurized gas
pumps and controllers with electric or air systems;
replace gas-powered pneumatic devices and

gasoline or diesel engines with electric motors; early
replacement of devices with lower-release versions;
replace compressor seals or rods; cap unused wells.

Plug abandoned oil and gas wells.

0.1 I 0.9

80.2

0.2

Oil refineries: leakage control through LDAR programs;
extended flaring.

Consumer gas distribution networks: leakage control
through LDAR programs; upgrade to PE or PVC
networks.

Long-distance gas transmission pipelines and storage:
leakage control through LDAR programs; equipping

all new pipelines with compact (non-leak) flanges;
refurbishment or replacement of existing pipelines.

o
% AGRICULTURE
A

43

31

8.3 27 25

8.1 9.8 9.2

10.8

0.5

Oxidation of ventilation air methane through use of
Regenerative Thermal Oxidizers, RTOs.

Pre-mining degasification.

Abandoned coal mines: flooding of mines.

Water management measures e.g., intermittent
aeration and dry direct seeding; alternative rice hybrids;
soil amendments e.g., sulphate-containing substrates
and biochar.

47

0.7 47 47

Ban or enforcement of existing bans.

9.7

1.4 2.6 1.5

1.9

4.2

Pigs on farms > 100 Livestock units* with liquid
manure systems: Anaerobic digesters with biogas
recovery.
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2030 Technical methane mitigation Implementation

emissions potential by sector in 2030 Costs
under NDC
Sector current S Methane mitigation measures
legislation ~ and MTFR | MTFR MTFR LA
MAPs ow-cost low-cost

Mt/ yr Mt/ yr Mt/ yr Mt/yr | bUSS/yr  bUSS/yr

Smallholder & pastoralist systems in Africa: climate
resilience measures i.e., human and animal vaccination
against zoonotic diseases, emergency feed storage,
and female empowerment.

Dairy and non-dairy cattle on farms > 50 Livestock
units and at least partly housed: Breeding for multiple
traits to enhance productivity and animal longevity and
fertility; enhanced feed efficiency; use of feed additives

0.7 7 1.2 34 0.2 (3-NOP or red seaweed).

Livestock enteric
fermentation 112

emissions Dairy and non-dairy cattle on farms >50 Livestock units

in pasture-based systems in Americas, Australia &
New Zealand: Breeding for multiple traits to enhance
productivity and animal longevity and fertility; inter-
seeding with grass legumes to improve quality of feed.

Sheep and goats on farms > 50 Livestock units:
Breeding for multiple traits to enhance productivity and
mal longevity and fertility.

AGR TOTAL 157 11 24 17 38 -3.5

AWASTE

Upgrade to managed landfills with gas recovery &

Municipal solid 37 43 5.9 5.7 65 79 utilization; source separation and treatment of organic
waste (7.7 (15)° (14) : "~ waste in biogas digesters, composts or through
recycling.
. 5 Upgrade to managed landfills with gas recovery &
Industrial solid 0.1 1.8 1.2 oo e T 9 )
waste 14 0.7y (5.9) (5.6) 0.4 -0.8 | utilization; anaerobic digestion with biogas recovery;

composting; energy recovery.

Two-stage anaerobic treatment with biogas recovery

Domestic 18 0.1 0.5 0 4 0 | followed by aerobic treatment; upgrade of existing
wastewater . I
capacity at end of plant lifetime.
Industrial Two-stage anaerobic treatment with biogas recovery
12 0.2 48 48 6.5 -6.5 | followed by aerobic treatment; upgrade of existing
wastewater

capacity at end of plant lifetime.

TOTAL 369 ‘ 42 ‘ 131 ‘ 109 127 ‘ -8

-

Other fuel combustion sources are projected to contribute 7.4 Mt/yr in 2030, but are not included in this table due to limited identified
mitigation options.

2 Emissions reduction potential from enteric fermentation measures in 2040 including full effect of breeding measures implemented pre-2030.
Effects on methane emissions reductions from breeding through selection of traits that target enteric methane both at individual and stock
levels are only assumed to be realized from 10 years after the start of the breeding scheme.

3 Emissions reduction potential in 2040 from the waste sector measures implemented pre-2030. Full effect on methane emissions are realized
with a time-lag of 10—20 years due to continued decomposition of organic waste deposited in landfills.

4 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Livestock_unit_(LSU)
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2.4.2 The 2050 picture

Methane mitigation action and ambition must continue, and be strengthened, beyond 2030.
The 1.5°C-consistent scenarios developed for the IPCC's Sixth Assessment Report (IPCC
ARG6) project that global methane emissions will continue to decrease steadily beyond the
middle of this century. By 2040, global methane emissions will have fallen to approximately
45 per cent below 2020 levels and decrease further to 52 per cent below 2020 levels by 2050
(IPCC 2023).

Since NDC 3.0 mitigation pledges end in 2035, the benefits relative to 2020 emissions peter
out over time in the NDCs and MAPs scenarios, as underlying drivers for emissions continue
to increase, in particular in the agricultural, and waste sectors. This shows that substantial
strengthening of the NDCs is needed both in the near term to reach the goals of the GMP
and over the longer term to provide absolute sustained benefits.

Extending to 2050, mitigation under the MTFR scenario could achieve a 37 per cent
reduction below 2020 levels and bring the world closer to a 1.5°C pathway. Implementation
of technical measures achieves a reduction in annual emissions of 207 Mt per year in 2050
compared to CLE for this same year, however, because of projected increases in activity
drivers, in particular in agriculture and the waste sector, the net technically feasible reduction
in annual emissions in 2050 is 132 Mt below the 2020 level. Of this, 73 per cent comes from
the energy sector, 20 per cent from waste sector, and 7 per cent from agriculture.

Almost 80 per cent of the MTFR mitigation potential in 2050 is attainable at a low cost,
amounting to a net annual saving of USS$35 billion, of which annual investment and operation
costs are US$123 billion and savings from the valorisation of recovered gas to 158 billion
per year. Just over half of the low-cost reduction potential occurs in the energy sector,

36 per cent in the waste sector, and just 10 per cent in the agricultural sector. Again, this
speaks to the need for further development of methane abatement technology, particularly
in agriculture. A prerequisite for realizing the large low-cost reduction potentials in the

waste subsector in 2050 is a scale-up of investment in upgraded landfills and circular
waste-management systems before 2030, as the full effect on emissions appears after
decomposition of the large amounts of historic organic waste stored in landfills.

The annual cost of full implementation of the MTFR potential in 2050 is estimated at USS129
billion in the G20+ and USS85 billion for the non-G20+ regions.

Table 2.8: Annual benefits from global reductions methane emissions from the MTFR relative to those of the CLE
2050 scenario.

Avoided a‘(,:l:dger(:):::fhs I :Ztol::s!related Avoided GOBRERIESE LG
. crop o . work hours valuation
warming level ozone emergency- hospitalizations o o
losses - (million (billion
2060-2090 exposure room visits of 65+ year-
o (Mt per hours per USS$ per
(°C) (people per (people per olds (per year)
year) year) year)
year) year)
MTFR vs
CLE 2050 0.31 293,000 30 890,000 18,000 84,000 530

Source: Adaptation of GMA 2021 benefits estimates.
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The decarbonization of the energy system alone will not be sufficient to meet the GMP by
2030 or follow a 1.5°C pathway to 2050. To meet a 1.5°C consistent pathway to 2050, full
implementation of MTFR measures must be combined with simultaneous efforts to both
decarbonize the global energy system and implement demand-side measures targeted at
shifts to healthier and more sustainable human diets and reduced generation of food waste.
Combining decarbonization with full implementation of MTFR measures, allows a 34 per
cent reduction between 2020 and 2030, extending to 44 per cent by 2050. If demand-side
measures such as shifts to healthier and more sustainable diets and less generation of food
waste are added, a 53 per cent reduction is possible by 2050. This is the only scenario that
comes within reach of consistent with the 1.5°C scenarios developed for IPCC AR6.

Table 2.9: Annual benefits of global reduction of methane emissions from the CLE 2050 scenario to MTFR + Decarb
+ Demand 2050 scenario.

Avoided ;‘L\r‘(l)(:l:d;:):::fhs Lehl ::tol::::xc!related Avoided GIBDERIESE LR
. crop o e work hours valuation
warming level ozone emergency- hospitalizations o o
losses . . (million (billion
2060-2090 exposure room visits of 65+ year-
o (Mt per hours per USS$ per
(°C) (people per (people per olds (per year)
year) year) year)
year) year)
MTFR +
Decarb +
232‘;“" 0.36 345,000 36 1,050,000 20,900 100,000 620
vs CLE
2050

Source: Adaptation of GMA 2021 benefits estimates.
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Conclusion

This analysis shows that while progress has been made since the launch of the GMP,
current commitments under NDCs and MAPs fall short of achieving the target of a 30 per
cent reduction in global anthropogenic methane emissions below 2020 levels by 2030. Yet,
implementation of existing pledges would deliver the largest and most sustained decline in
methane emissions in recorded history but only achieve up to 8 per cent reductions from
2020 levels by 2030. A decline in emissions due to implementation of NDCs and MAPs
measures is partly counteracted by expected future increases in activities driving methane
emissions, including continued production of fossil fuels, demand for dairy and meat
products, and generation of organic waste.

In the 2030 timeframe, methane mitigation will rely heavily on existing technical solutions
and the technical potential to reach the GMP target. Full uptake of MTFR measures could cut
2030 emissions by 32 per cent relative to 2020, with more than 80 per cent of this potential
available at low or even negative cost. The energy sector offers the greatest cost-effective
opportunities, followed by targeted measures in agriculture, and waste and wastewater
management. Early investment in waste and wastewater infrastructure is essential to unlock
considerable mid- and long-term reductions.

Efforts to mitigate methane should continue beyond 2030. Achieving a 1.5°C-consistent
pathway requires an integrated strategy that combines technical methane controls with deep
decarbonization of the energy system, and demand-side action such as shifts to healthier
and more sustainable human diets and reduced food waste generation. Such an approach
could deliver a 53 per cent reduction in global methane emissions by 2050, generating
substantial health, agricultural, labour and climate benefits valued at hundreds of billions of
dollars annually.

The findings underline the urgent need to raise ambition, accelerate implementation and
broaden mitigation strategies. Doing so will yield rapid climate benefits while delivering
major co-benefits for public health, food security and economic productivity.
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Global Outlook of Methane Policies
and Measures

Key messages

»  While recent years have seen growing momentum in methane abatement policy
development across the three main emitting sectors, a significant scale-up in
effective policy design, implementation, and MRV systems is still required to fully
realize the mitigation potential needed to meet global climate and clean-air goals.

»  Methane mitigation policy is increasingly incorporated into NDCs, reflecting broader
global ownership of national methane mitigation planning. Since the launch of the
GMP, many countries have strengthened methane coverage in their NDCs. As of
June 2025, 65 per cent of countries who are party to the Paris Agreement have
included methane measures in their NDCs, with particularly notable increases
among UNFCCC Non-Annex | countries®. Between June and the end of September
2025, this number rose to 67 per cent.

» The fossil-fuel sector offers the largest and most cost-effective opportunity for rapid
methane abatement, with industry revenues far exceeding the investment needed
to achieve full mitigation potential. Policy innovation, particularly in the oil and gas
sector, has accelerated in recent years, with jurisdictions such as Brazil, Canada, the
European Union and Kazakhstan introducing new regulatory frameworks, including
the world's first methane import standard. Voluntary initiatives such as the Oil and
Gas Methane Partnership (OGMP) 2.0 now cover up to 45 per cent of global oil and
gas production. In contrast, progress in the coal sector remains slow, although new
regulations in Australia and China signal emerging momentum.

»  Early investment in technically feasible methane abatement measures in the waste
sector is critical to achieving the necessary emissions reductions by midcentury.
While global action on waste-related methane has increased, adoption of best
practice remains uneven. Examples, such as these from Brazil, China, Germany and
Sweden, illustrate a wider shift towards technologies that cut methane and generate
renewable energy. Governments are also increasingly recognizing the importance of
proper waste collection, separation and treatment hierarchies.

» Inagriculture, policy development is on an upward trend, and significant mitigation
can be achieved at a net cost saving. Required investment is small compared to
the inefficient and harmful subsidies currently provided to the sector. Current policy
coverage is limited, with only 2—18 per cent of GMP participating countries having
policies directly addressing key agricultural sources such as enteric fermentation,
rice or manure management.

8 Annex | Parties include the industrialized countries that were members of the OECD (Organisation for Economic Co-operation and
Development) in 1992, plus countries with economies in transition (the EIT Parties), including the Russian Federation, the Baltic States, and
several Central and Eastern European States https://unfccc.int/process/parties-non-party-stakeholders/parties-convention-and-observer-
states?field_national_communications_target_id%5B514%5D=514
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» Across the three main emitting sectors, immediate implementation of targeted
methane measures must be part of holistic, equity-based policies that are integrated
with efforts to decarbonize the energy system, promote circular economies and
encourage behavioural change in agrifood systems.

» Few countries have adopted quantified methane reduction targets. Despite more
than 150 countries participating in the GMP, only six, Canada, Japan, the Republic
of Moldova, Norway, the United States of America, and Viet Nam, have targets
comparable to the GMP goal.

»  Persistent barriers hinder progress from commitments to fully effective
enforcement and implementation. Strengthening MRV systems and securing
appropriate financing are essential to accelerating the development, enforcement
and impact of methane policies.

Introduction

The GMP includes specific provisions to which participants commit. The most well-known
of these provisions is the commitment to work together to achieve at least a 30 per cent
reduction in global methane anthropogenic emissions by 2030 compared to 2020 levels.
Country participants to the GMP, however, also commit to:

take comprehensive domestic action to achieve the global methane reduction target,
specifically focusing on standards to reduce methane emissions as much as possible
from the energy, and waste sector, and to reduce agricultural emissions through
technological developments, incentives and collaboration with farmers;

maintain publicly available information on policies and commitments;

move towards the highest tier IPCC methods to quantify methane emissions,
particularly from major emission sources; and

support international initiatives aimed at reducing methane emissions including
the CCAC, the Global Methane Initiative and the International Methane Emissions
Observatory (IMEO).

While the primary marker of progress towards the goals of the GMP is the extent to which
global anthropogenic methane emissions are being reduced, the Pledge also emphasizes
the importance of effective domestic policies and measures. These are essential to turning
the Pledge from aspiration into reality. Progress has been made since the Pledge’s launch in
2021 on the identification of methane policies and measures, their integration into national
plans and strategies, and their implementation and enforcement.

Following the quantitative assessment emission projections to 2030 and 2050 under
different scenarios, and of associated costs and benefits (Chapter 2), this chapter looks at
the latest developments and trends in methane abatement policy, associated barriers and
solutions, and provides key recommendations on the way forward to reap the full mitigation
potential.
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It begins with a review of national level planning efforts, using five key building blocks to
evaluate the extent to which countries have integrated methane into their climate and
environmental national planning frameworks (Section 3.2). Subsequent sections then
explore sector-specific dynamics through a review of global policy trends, identification of
key challenges and innovative policy responses, and recommendations for scaling up best
practices and technologies in the fossil-fuel (Section 3.3), waste (3.4) and agriculture (3.5)
sectors.

National planning for action on methane emissions

Key messages

»  Global Methane Pledge participating countries commit to increasing transparency
on methane policies as well as accuracy in methane emission quantification. Since
the GMP was established, different components of methane-mitigation planning
have improved across an increasing number of countries.

»  Much of this improvement has been achieved through the efforts of UNFCCC Non-
Annex | countries, including those that make small contributions to global methane
emissions:

- Since the GMP was established, Non-Annex | countries have increasingly
adopted more detailed methodologies to quantify methane emissions, moving
from Tier 1 to Tier 2 or 3, with over a 69 per cent increase number using Tier 2+
methods to quantify livestock methane emissions, and more than a 50 per cent
increase in those using Tier 2 methods to quantify waste methane emisions;

- New NDC submissions continue to add more methane mitigation action;

- 31 Non-Annex | countries include methane-specific targets or mitigation
potential in their NDCs.

» Asof June 2025, 127 countries, 65 per cent of countries who are Parties to the Paris
Agreement, have identified policies and measures that address sectoral sources of
methane in their latest NDCs. Among these, 115 countries include waste methane
measures (59 per cent), 85 include agricultural methane measures (44 per cent),
and 35 (18 per cent) identify measures to address methane emissions from fossil
fuel production. This represents a growth of 58 per cent, 89 per cent and 52 per cent
respectively in comparison to pre-2020 NDCs.

»  There is substantially more that could be done to improve national methane
planning, particularly among the highest methane-emitting countries.
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3.2.1 Introduction

The GMP sets a collective global goal of reducing methane emissions by at least 30 per
cent by 2030, compared to 2020 levels. It provides no instruction, however, for how the
burden of achieving these emission reductions should be shared between countries and
methane-emitting sectors. This aspect of the GMP prompted the CCAC, through its Methane
Roadmap Action Programme (M-RAP), to develop a framework enabling countries to
understand and communicate their contribution to achieving the GMP.

The framework provides five building blocks for evaluating the comprehensiveness of
national methane-reduction plans. The framework aims to support GMP participating
countries in developing national methane roadmaps that are complete and comparable
across countries. The framework is also useful for assessing strengths and gaps in these
national policy-planning instruments. The five building blocks within the CCAC’s M-RAP are:

1. emissions: the ability to quantify emissions from all methane-emitting sectors using an
appropriately detailed IPCC methodology;

2. analytics: the ability to identify, evaluate and prioritise methane policies and measures
based on their methane emission-reduction potential and other co-benefits;

3. targets: setting methane emission-reduction targets aligned with the GMP;

4. implementation pathways: clear plans for how policies and measures to reduce
methane will be implemented;

5. monitoring and evaluation: the ability to assess progress in reducing emissions and
policy implementation.

In this section, these five building blocks are used to evaluate national methane planning
since the establishment of the GMP. Through national documents, including NDCs, Biennial
Transparency Reports (BTRs) and national methane roadmaps, statistics were extracted to
indicate progress across countries for each of the building blocks.

3.2.2 Emissions: progress on methane emission inventories

Methane-emission inventories are a key prerequisite for the monitoring of and taking

action to reduce methane emissions. They track total national methane emissions and
contributions from major sources. When quantified for multiple years, trends in methane
emissions, resulting from socioeconomic drivers, including population and economic growth,
fuel or food demand, and mitigation action, can be robustly assessed. Methane emissions
are commonly reported within national greenhouse gas emission inventories, regularly
submitted to the UNFCCC by Parties through National Inventory Reports (NIRs), BTRs and
National Communications (NCs).

The IPCC has developed detailed methodologies to estimate methane emissions across
sectors. These range from the simplest (Tier 1) to the most detailed (Tier 3), allowing

all countries, even with limited data, to make estimates, while offering robust methods

for those with more data and for key categories. Moving from Tier 1 to Tier 2 or Tier 3
methods has several advantages for national methane-mitigation planning. First, it improves
understanding of emissions by source, enabling targeted mitigation and better monitoring.
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Second, Tiers 2 and 3 are better suited for evaluating impacts of mitigation options, using
process-based methodology with variables linked to measures.

Understanding the coverage of methane-emission quantification within national methane-
emission inventories, and the extent to which Tier 1 or Tier 2 methods are used, is therefore
essential for assessing whether countries are strengthening their ability to identify methane
sources and track progress since the establishment of the GMP. By reviewing countries’
latest inventories, the share using different tiers has been identified (Tables 3.1 and 3.2).

An increasing number of countries, mainly developing ones, are using Tier 1, Tier 2 and Tier
3 methods to quantify methane emissions in their national inventories. Before the GMP was
established, most Annex | countries already used Tier 2 or Tier 3 for major sources, so the
number of Annex | countries applying each tier in 2024 BTRs is broadly similar to pre-GMP
levels.

For Non-Annex | countries, progress in using higher tier methods has accelerated since
20271. Among Non-Annex | countries that have submitted 2024 Biennial Transparency
Reports, 47 per cent, 27, use Tier 2 methods to quantify enteric-fermentation emissions. In
2021, only 28 per cent, 16, of these countries used Tier 2 or higher methods. Similarly, 45 per
cent, 26, of Non-Annex | countries in their 2024 national greenhouse gas inventories quantify
methane from solid waste using Tier 2 approaches, compared to 26 per cent, 15, of these
countries in 2021. There has also been a substantial reduction in the number of countries
not quantifying methane from agriculture, and waste. Only the Maldives, which lacks an
agricultural sector and burns its waste, omitted these sectors in 2024.

Table 3.1: Quantification of methane emissions in national inventories of Annex | countries, 2021 and 2024.
Number of Annex | countries quantifying methane emissions from major emission sources using IPCC Tier
1, Tier 2 and Tier 3 national emission inventory guideline methodologies. Countries included are those that
have submitted 2024 BTRs with NIRs (summarized in the 2024 rows), and are compared with the latest
national greenhouse gas inventory submitted before the establishment of the Global Methane Pledge in
2021 (summarized in the 2021 row).

Fygltlve Fugitive  Enteric Manure Rice Solid
Annex | oil and . s Wastwater
qas coal fermentation management cultivation  waste
2021 Not quantlﬂed/ 13 3 1 1 2% 1 0
not occurring
Tier 1 9 12 2 3 10 2 18
Tier 2% 9 1 30 31 1 32 19
Tier 3% 8 13 6 4 2 4 2
2024 Not quantiﬂed/ 1 9 1 1 2% 1 0
not occurring
Tier 1 8 14 1 4 10 2 18
Tier 2% 9 6 29 32 1 29 16
Tier 3* 4 13 3 0 2 3 2

*Includes countries that may quantify methane emissions from non-key categories within these emitting sectors using lower tier methods.
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Table 3.2: Quantification of methane emissions in national inventories of Non-Annex | countries, 2021 and 2024.
Number of Non-Annex | countries quantifying methane emissions from major emission sources using IPCC
Tier 1, Tier 2 and Tier 3 national emission inventory guideline methodologies. Countries included are those
that have submitted 2024 BTRs with NIRs (summarized in the 2024 rows), and are compared with the latest
national greenhouse gas inventory submitted before the establishment of the Global Methane Pledge in
2021 (summarized in the 2021 row).

Fugitive - . . .
Non-Annex | oil and Fugitive  Enteric . Manure Rlcg . Solid Wastwater
qas coal fermentation management cultivation waste
2021 Not quantlﬂed/ 2% 18 7 7 14 8 7
not occurring
Tier 1 26 33 34 41 39 33 43
Tier 2% 3 2 16 9 3 15 6
Tier 3* 1 3 0 0 1 1 0
2024 Not quantlﬂed/ 95 15 1 1 17 1 1
not occurring
Tier 1 27 35 29 30 32 30 47
Tier 2% 5 3 27 26 7 26 9
Tier 3% 1 4 0 0 0 1 0

*Includes countries that may quantify methane emissions from non-key categories within these emitting sectors using lower tier methods

3.2.3  Analytics and targets: progress on methane inclusion in
Nationally Determined Contributions

A key provision of the GMP is that action to reduce methane emissions must be identified
and implemented. Methane mitigation action is identified by many countries in their climate
change planning, for example through NDCs.

Previous assessments (Malley et al. 2023) found that NDCs include hundreds of methane
mitigation measures, which, collectively and only if implemented to their full technical
potential, could reduce global methane emissions by more than 30 per cent by 2030
compared to 2020 levels, consistent with the results presented in Chapter 2. As countries
have not committed to full technical implementation, achieving the GMP solely through
action identified in NDCs at the time the Pledge was made is unlikely.

An increase in the number of policies and measures included and prioritized in national
planning is necessary if GMP targets are to be achieved. An increase in the inclusion of
mitigation action targeting methane in NDCs needs to be coupled with faster implementation
of action already included in NDCs and national policy.
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The second building block within the CCAC M-RAP framework is the extent to which
countries have prioritised policies and measures. To monitor progress on this, the number of
methane policies and measures included within the NDCs of countries who are Party to the
Paris Agreement® and supporting documents are tracked (Figure 3.7).

Figure 3.1:  Inclusion of methane mitigation measures in Nationally Determined Contributions by sector, pre-2020,
2022 and 2025. Number of countries including methane mitigation measures in NDCs in the fossil fuel
production (orange), agriculture (green) and waste (blue) sectors over time. NDC3.0 indicated by darker
shade in the NDCs to June 2025 panel. *Submitted as of 01 June 2025.
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Since the GMP was established, there has been substantial growth in the inclusion of
methane mitigation actions within NDCs. As of June 2025, 127 countries (65 per cent) list
methane measures in their NDCs. Among these, 115 countries include waste methane
measures (59 per cent), 85 include agricultural methane measures (44 per cent), and 35 (18
per cent) identify measures to cut fossil fuel methane. This represents increases of 58 per
cent, 89 per cent, and 52 per cent respectively compared with pre-2020 NDCs. These results
match broader NDC trends: the waste and agricultural sectors are more often addressed
than the fossil-fuel sector. Many countries, however, do not produce fossil fuels, so measures
in this sector are not relevant for them. This is discussed in more detail in Section 3.2.3.1.

Since June (to 30 September 2025) an additional 42 countries have submitted their final or
draft NDC 3.0. Increasing the number of countries including methane mitigation measures
to 130 (67 per cent). An additional 4 countries include waste methane measures, however
the number of countries including fossil fuel and agriculture methane measures has fallen
by 4 and 1 respectively. This decline can be explained by a number of countries who have
submitted drafts of their NDC 3.0, stating that additional details will be communicated in
their final submission. Only the measures in NDCs submitted to June 2025 are included in
the analysis presented in Chapter 2.

9  Unless otherwise indicated, per centages indicate the proportion of countries party to the Paris Agreement, with 100 per cent representing 194
countries. More detail on the CCAC's NDC tracking methodology can be found in the Technical Annex.
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Figure 3.2:
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Comparing the inclusion of methane measures between Annex | and Non-Annex | countries
in their latest NDCs as of 30 September 2025 shows Non-Annex | countries are more likely
to include methane measures across all three sectors (Figure 3.2). The European Union'®
make up more than half of the Annex | countries and their collective approach, with one

NDC submission for all European Union countries, significantly influences the trend for this
group. Despite the European Union's established climate policy framework, including its
Methane Strategy and sector-specific regulations, the European Union does not describe any
measures that address methane emissions in its NDC. Because the European Union’s NDC is
collective, it does not reflect the measures of individual member states.

Proportion of countries who are Parties to the Paris Agreement including methane measures in their
NDCs by country groups and sector, per cent (NDCs to June 2025).

Fossil fuel production Agriculture Waste

m Annex | (All) m Annex | (w/o European Union) = Non-Annex |

Note: While the European Union submit one NDC, they are considered as separate submissions in Annex | (all), Malta and Cyprus,
while not formally Annex | countries, are treated here as functionally Annex |, in line with the UNFCCC.

Data source: CCAC (2025)

Several of the countries with the largest methane emissions have identified action in their
NDCs to reduce methane (Table 3.3). Even when action is listed, however, specific policies
and measures, or quantitative targets and timelines are often missing. Providing greater
clarity and transparency on action already identified in NDCs and other climate change plans
would make it easier to assess whether commitments are sufficient to meet the GMP.

There are, however, many major emitters that have not included national methane action in
their NDCs. India is the world's third largest emitter of methane in absolute terms but does
not identify action to reduce emissions from its largest source, agriculture, within its NDC.
(Table 3.3).

10  Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain and Sweden.
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Table 3.3: Inclusion in NDCs of methane abatement measures, 20 countries with the largest methane emissions and the
European Union, 2018-2022, by sector and total, per cent share of global methane emissions. Contributions of
20 countries with the largest methane emissions and the European Union to global methane emissions by sector
(cumulative 2018-2022). Asterisks (*) indicate countries that rank among the top 10 emitters in the respective
sector. Green shaded cells indicate the inclusion of sectoral mitigation measures in a country’s NDC, countries
shaded light green have either not ratified or have announced their intent to withdraw from the Paris Agreement.
Blue tick marks indicate where a country has submitted its NDC 3.0 between June and the end of September
2025. Cells shaded blue indicate the inclusion of measures in NDC 3.0 not included their previous submission.

Per cent of global methane emissions by sector (2018-2022)

iLe :?'0 Agriculture Fesllid Waste All sectors
submitted

Country GMP Party production

China

United States of
America (the) v v

5.8% 14 % 7.8% 8.6
India
Brazil v v

Russian J
Federation (the)

European Union v
Indonesia v
Pakistan v
Nigeria v v
Mexico v
Iraq v

Iran (Islamic
Republic of)

Australia
Argentina
Bangladesh
Canada
Tiirkiye
Viet Nam
Thailand

Saudi Arabia

AR N N N N N N AN

v 1.7* 0.2

Ethiopia

Total 73 78 76 75

Note: columns may not sum due to rounding. Source: Emissions data EDGAR v8.1 (2024).
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3.2.3.1 How Nationally Determined Contributions address methane
emissions from fossil-fuel production

While 35 countries, ranging from major global producers through regional producers, to a
few with little or no production, such as Costa Rica, the Republic of the Marshall Islands and
Mauritius, include fossil-fuel production measures in their NDCs, the majority of countries
are not major producers.

Countries with measures to reduce methane emissions from fossil-fuel production include
seven of the 10 largest emitters (Table 3.3) and just under half (24) of the 50 biggest
sectoral emitters. Together, these 24 countries are responsible for 59 per cent of the sector’s
methane emissions.

Measures in NDCs focus on upstream interventions to cut fugitive emissions, such as leak
detection and repair (LDAR) and reducing venting and flaring, 27 countries, plus coal-mine
methane emission-reduction measures, 5 countries, such as pre-mining drainage and
oxidation. A few countries, for example, Canada and the Republic of the Marshall Islands,
mention regulatory measures such the phasing out of fossil-fuel subsidies.

3.2.3.2 How Nationally Determined Contributions address methane
emissions from waste

More than 90 per cent of countries’ latest NDCs include commitments on waste sector.
In total, 169 countries who are Parties to the Paris Agreement include the waste sector in
the scope and coverage of their target. Over half of countries who are Parties to the Paris
Agreement define concrete measures for either waste or wastewater.

Measures for the waste subsector focus on improving systems with circular-economy
practices, including reducing the generation of food waste, source segregation, separate
waste collection, the adoption of composting and waste-valorisation technologies such as
anaerobic digestion, diversion of organic waste from landfills, and closure or upgrading of
disposal sites with gas recovery for flaring or energy.

Measures in the wastewater subsector include capturing methane from anaerobic treatment
to produce energy. The number of countries including wastewater mitigation or adaptation
measures has more than doubled, from 38 pre-2020 NDCs to 84 in the latest NDCs.

Examples of good practice include the following.

Cameroon: strengthening waste-management policies — by 2035, all major cities
should have landfills with at least 70 per cent methane capture (UNFCCC 2021).

Nepal: by 2025, 380,000 cubic meters (m?) of wastewater per day will be treated
before discharge and 60,000 m?® of faecal sludge managed per year, reducing
emissions of CO,eq by more than 250,000 tonnes compared with BAU (Government
of Nepal 2020).

Venezuela (Bolivarian Republic of): the National Sanitation Plan stipulates the
recovery of 35 landfill sites and the capture of methane from them. There is also a
plan to construct two sanitary landfills, from which it is estimated that 17,134 tonnes
of CO,eq will be captured per year.
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Integrating these targets into instruments such as National Waste Management Plans with
clear implementation plans is essential to show commitment and align with NDCs.

Many countries mention methane in their NDCs, but few set quantified targets for methane
emissions from the waste sector. Best examples include:

Colombia: reduction of methane emissions from waste fully integrated into national
climate strategies;

Indonesia: quantifies wastewater measures equal to 1.2 Mt of methane recovery;

Viet Nam: commitments to methane capture from wastewater treatment plants.

3.2.3.3 How Nationally Determined Contributions address methane
emissions from agriculture

Overall, 82 per cent of countries include economy-wide greenhouse gas emissions-reduction
targets covering multiple IPCC sectors and gases, including agriculture and methane, in their
NDCs. They are not, however, disaggregated by sector or gas. 26 per cent of NDCs include
sector-specific targets covering methane and none provide methane-specific reduction
targets (FAO 2025).

As with the waste sector, countries increasingly include mitigation action in their NDCs

to reduce agricultural methane. Over a third of countries who are Parties to the Paris
Agreement, 44 per cent, directly identify agricultural methane mitigation measures in their
NDC (FAO 2025).

Measures include improved fertilizer management, 27 per cent; manure management
and bioeconomy, 23 per cent; improved rice management, 14 per cent; livestock-feed
management, 13 per cent; livestock breeding, 7 per cent; reduced crop-residue burning,
5 per cent; animal health and welfare, 4 per cent; shifts to sustainable healthy diets, 2 per
cent; reduced savanna/grassland fires, 2 per cent; and emerging foods and production
technologies, 1 per cent (FAO 2025).

Only 34 per cent of NDCs, however, include mitigation measures with time-bound, quantified
greenhouse gas targets (not methane-specific), and only one country includes a methane-
specific target at the action level (FAO 2025).

3.2.3.4  Progress on methane targets

As outlined in the previous sections, many countries include action to reduce methane in
their NDCs as part of their overall climate targets. The magnitude of methane emissions to
be reduced is, however, often unclear or not specified. Methane-specific targets, building
block three, should clearly stipulate how much methane a country intends to reduce.

Despite more than 150 countries participating in the GMP, only six have defined methane-
reduction targets directly comparable with the GMP targets, i.e., reductions by 2030 relative
to 2020. A number of countries have established methane-relevant targets within their NDCs,
though these vary in clarity and ambition. The majority, 181, of countries who are Parties

to the Paris Agreement include methane within their overall greenhouse gas targets, an
increase of more than 20 per cent compared with pre-2020 NDCs.
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Table 3.4:

The inclusion of methane in the overall target is important, as it provides an incentive for
countries to reduce methane emissions because it contributes to international climate
commitments. This contribution is not, however, transparent, as it is rarely specified how
much methane reductions will contribute, and targets are usually given in carbon dioxide
equivalent (CO,eq). The IPCC AR6 and UNEP’s 2021 GMA highlight that meeting temperature
goals requires methane reductions alongside, not instead of, rapid carbon dioxide reductions.
Methane-specific targets therefore provide a clearer statement of national ambition.

Less commonly, countries include methane-specific targets. These outline reductions that,
depending on their formulation, can be directly compared with the GMP. From NDCs, those
with methane targets were extracted and are summarised in Table 3.4. Some countries do
not include specific methane targets but instead assess the mitigation potential of NDC
measures.

Countries such as Cote d'Ivoire and Nigeria state that achieving their overall greenhouse gas
targets will reduce methane emissions by 25-30 per cent by 2030. However, because these
are compared with baseline scenarios, linking them directly to the GMP is difficult.

Methane-specific targets take several forms. Canada, for example, has an overall methane-
reduction target, while Uruguay commits to a 35 per cent reduction by 2035 plus a methane
ceiling. Canada and Uruguay, as well as others, also set sector-specific targets. Canada and
Ghana, for example, target methane from oil and gas, while Uruguay sets a methane-intensity
target for livestock.

Summary of inclusion of national methane emissions-reduction in countries' latest NDCs as of October
2025. Overall methane emissions-reduction targets with a tick indicate targets which can be directly
compared with the GMP formulation, i.e. which can be expressed as methane emissions reductions relative
t0 2020 emissions levels. See Technical Annex for details and all-time inclusion.

Country

Albania

Armenia

Bhutan

Cameroon

Canada

Chile

Methane emissions
reductions from

Sectoral methane Overall methane
emissions-reduction emissions-reduction

il s target/estimation target

gas target specified

Cote d'lvoire

Dominica

Dominican Republic (the)
Equatorial Guinea

Micronesia (Federated States of)
Gambia (the)

Ghana

Guatemala
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Methane emissions
reductions from

overall greenhouse
gas target specified

Sectoral methane Overall methane
emissions-reduction emissions-reduction
target/estimation target

Country

Guinea

Indonesia _

Japan

Mauritius _

Morocco

New Zealand

North Macedonia _

Norway

Palestine _

Republic of Moldova (the)

Seychelles _

Solomeon Islands _
[

United Arab Emirates (the)

United States of America (the) _
Viet Nam

Zimbabwe

* Japan's NDC 3.0 does not directly specify an overall methane emissions reduction target,
however, indicates supplementary documentation that includes targets and estimates by
greenhouse gas including for methane.

T New Zealand's target is for biogenic methane only.

T Norway's NDC 3.0 does not directly specify an overall emissions reduction, however notes that
it maintains the target(s) included in its NDC 2.0.
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3.2.4 Implementation pathways and monitoring and
evaluation: progress in the Global Stocktake

Implementation pathways translate goals into concrete steps for real-world action. These
steps include technical and human capacity building, financing, resource mobilization,
infrastructure development, technology transfer, communication, regulation and
enforcement. The first Global Stocktake took place in 2023 to assess progress towards
the goals of the Paris Agreement. It highlights a substantial gap between targets, identified
policies and actual implementation. This applies to methane mitigation as well as other
greenhouse gases.

Some of the key findings of the Global Stocktake relevant for methane mitigation across all
sectors are:

i) the private sector and other non-state actors are essential for NDC ambitions;

ii) tracking progress of non-state actors is essential;

i) international support is needed to scale up implementation;

iv) many mitigation measures are cost-effective, including those that target methane
emissions reductions but barriers, such as weak governance, limited finance and
technology, and slow behavioural change, hinder uptake; and

v) multiple benefits can accelerate implementation. Highlighting socioeconomic,
health, and energy-security benefits, especially within affected communities, can
drive faster methane action.

Regarding monitoring, reporting and verification (MRV), methane is a greenhouse gas, and
progress is usually tracked in climate MRV frameworks. Methane must be monitored on two
levels: first, priorities such as reduction targets, and second, progress toward these overall
goals (i.e. actual reductions). This tracking is done through national GHG inventories. As
outlined in Section 3.2.2, the vast majority of countries quantify methane emissions in their
inventories. Improved quantification will strengthen tracking of mitigation progress during
the rest of the GMP period.
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3.2.5 Conclusion

The CCAC M-RAP building blocks provide a framework for tracking progress across several
areas of national methane planning. Since the GMP was established, trends have been
positive. More countries are tracking methane emissions using detailed, robust methods; the
number of countries setting targets on methane has increased; and the number of measures
identified to achieve climate change targets continues to grow with each round of NDC
submissions.

In addition, in some countries progress has come from the development of bespoke
methane mitigation roadmaps. As part of their commitment to the GMP, countries submitted
MAPs or roadmaps to the CCAC, outlining existing policies and future activities to reduce
methane by 2030 and beyond. Currently, more than 20 countries have submitted such plans
or roadmaps. These typically bring together information on national methane planning,
summarising emission sources, quantifying methane-mitigation potential, establishing
targets, and outlining key action.

Despite the progress, achieving the GMP by 2030 will require substantially more action

to cut methane emissions. For countries missing key elements of methane plans, the
CCAC is supporting mitigation planning through the M-RAP. To date, 90 countries have
engaged in the programme to enhance methane inclusion in NDCs and 35 countries in NDC
implementation.

Box 3.1: The Climate and Clean Air Coalition support for national planning on methane

The CCAC supports countries on national planning for methane abatement. This includes enhanced
inclusion of methane in NDCs, the development of methane roadmaps, the design of policies to
reduce methane emissions through technical expert assistance service. As of June 2025, the CCAC
has been supporting over 30 countries on enhancing inclusion of methane in their NDC and their
implementation as well as 33 countries on the development of their National Methane Roadmap. More
than 90 countries engaged in the CCAC M-RAP which additionally supports NDC enhancement for
methane through awareness raising and capacity building. In 2024, the CCAC published a Guidance
on Including Methane in NDCs that provides practical and strategic recommendations for experts and
teams involved in preparing NDC 3.0 on how to set goals and identify specific measures suitable to
the national context.
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Box 3.2:

Potential to control methane under the Gothenburg Protocol of the Convention

on Long-Range Transboundary Air Pollution

Methane is a key precursor of tropospheric ozone,

a super pollutant that has harmful effects on air
quality, human health, vegetation including crops and
climate. Levels of tropospheric ozone and emissions
of non-methane precursors — nitrogen oxides (NO,),
carbon monoxide (CO) and non-methane volatile
organic compounds (NMVOCs) — are controlled
through regional, national and sub-national air-
quality policies and legal mechanisms. While

some frameworks acknowledge methane's role in
ozone formation, they do not set binding methane
emissions limits.

One of the most successful regional air-quality
agreements is the Convention on Long-Range
Transboundary Air Pollution (CLRTAP), and its
Gothenburg Protocol to Abate Acidification,
Eutrophication and Ground-Level Ozone. Under

the Protocol, ratifying Parties'" agree to national
emissions reduction commitments for nitrous oxides
and non-methane volatile organic compounds.

Despite the Protocol's success in reducing

peak ground-level ozone, background ozone'™
concentrations increased from 2000 to 2018, largely
due to rising global methane emissions (UNECE,
2027). Global methane emissions have the potential

to offset projected reductions in nitrous oxides and
non-methane volatile organic compounds (UNECE,
20217) and could increase ozone-related mortality and
crop losses within the UNECE region (UNECE, 2022).

The Gothenburg Protocol is currently under revision;
Parties are considering whether and how methane
could be integrated. At a meeting of CLRTAP's
Working Group on Strategies and Review in May
2025, delegations recommended that the Executive
Body consider options for expressing support for the
GMP and to include methane in the revised Protocol
(UNECE, 2025).

The inclusion of methane in the Protocol would

mark a significant development in the global effort
to reduce methane emissions. It would be the first
formal integration of methane into a regional air-
quality agreement and could establish the Protocol
as the first legally binding international instrument
regulating methane. Regardless of the form methane
inclusion takes in the Gothenburg Protocol, its
consideration alone sets a precedent for other
regional agreements, and is a recognition of the need
for coordinated, integrated action to mitigate air
pollution and climate change.

North America, Europe, Caucasia and Central Asia. The full list of Parties to the Protocol can be found at: https://treaties.un.org/Pages/
ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-1-k&chapter=27&clang=_en
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3.3 The fossil-fuel sector

68

Key messages

The fossil-fuel sector is the second largest source of anthropogenic methane
emissions, responsible for approximately one third of the global total. Under current
legislation emissions from the sector are expected to rise by 8 per cent in 2050
compared to 2020.

This sector presents the single greatest potential for rapid, cost-effective methane
abatement. Full implementation of the MFTR scenario, aligned with the GMP
target, could reduce emissions by 78 per cent in 2030 compared to 2030 projected
emissions under current legislation. These reductions could be achieved through
readily available technologies and practices, often at low cost. Varying cost
estimates for energy sector measures represent just 2—4 per cent of the sector’s
2023 income, although significant financial and structural barriers remain in certain
regions.

Decarbonization of the energy system will lead to a reduction in methane emissions,
but will not reduce methane fast enough without additional, immediate action to
abate those from fossil-fuel sector. Without a dual strategy of reducing methane and
deep decarbonization it will not be possible to meet the Paris Agreement objective.

Since the launch of the GMP, methane abatement policies in the oil and gas sector
have become more innovative and widespread. The rate of policy development and
country participation, however, still fall short of what is needed to achieve the 2030
targets. Implementation and enforcement must also be strengthened.

The coal sector, by contrast, has not experienced the same level of policy growth.
There is an urgent need for innovative approaches to overcome barriers, with
particular attention to no-regrets policies such as pre-mining degasification,
abandoned-mine methane capture and mine-closure planning.

Barriers still exist throughout the system, blocking progress — such as fragmented
regulatory regimes, limited access to finance in certain regions and countries, and
uneven data transparency.

The number of voluntary industry initiatives has also grown significantly. These
initiatives help translate high-level climate commitments into concrete methane-
management practices. In contexts in which methane policy is still developing
or enforcement capacity is limited, such voluntary measures offer an important
pathway to near-term mitigation.

The recent adoption of novel approaches, such as the European Union import
standard, offers a potential to use the market to mitigate methane in oil and gas
sector more rapidly at the global scale.

The sector offers unparalleled potential for rapid, cost-effective abatement that
must be maximized to its full potential to enable the world to meet its near-term
climate targets.
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3.3.1 Introduction

The fossil-fuel sector, covering oil and gas operations, as well as coal mining, including
abandoned facilities, is the second largest contributor to anthropogenic methane, accounting
for roughly one-third of global methane emissions'®. The sector offers unparalleled potential
for rapid, cost-effective abatement that should be maximized to enable the world to meet

its near-term climate and methane-related targets, such as the GMP. While the agricultural
and waste sectors are critical to longer-term methane mitigation, the fossil-fuel sector offers
the most significant, achievable near-term reductions to reduce the current rate of warming
(CCAC 2025a).

Emissions from the sector could be reduced by 78 per cent by 2030 compared to projected
emissions in the same year under current legislation (or by 72 per cent under 2020

levels) using existing technologies and practices under full implementation of the MFTR
scenario', aligned with the GMP target. Four groups of measures account for 85 per cent

of the total mitigation potential —oxidation of ventilation air methane (VAM) and pre-mining
degasification in the coal sector, as well as regular LDAR and addressing venting and flaring'®
for the oil and gas industry. These are often achievable at low cost with significant potential
revenues for operators from captured gas if it can be monetized (IEA 2025).

Since the launch of the GMP, methane abatement policies in the oil and gas sector have
become more innovative and widespread but they remain insufficient to achieve the 2030
targets. Expanding the adoption of new policies as well as strengthening enforcement

of existing ones remains key in the next years. The coal sector, on the other hand, has

not experienced the same level of policy growth. There is an urgent need for innovative
approaches to overcome barriers, with particular attention to no-regrets policies such as pre-
mining degasification, abandoned-mine methane capture, and mine-closure planning.

Despite the increased action on methane emissions in recent years, in particular from the

oil and gas sector, barriers remain such as inconsistent enforcement, limited access to
finance in emerging markets, uneven data transparency, and insufficient pricing of methane
externalities. The rate of policy development and country participation still falls short of
what is needed to achieve the 2030 targets. As of June 2025, 35 countries include explicit
methane targets or measures for this sector in their current NDCs, including seven of the top
10 emitters, yet few translate those targets into enforceable rules.

This section reviews the status of progress on methane policies in the fossil-fuel sector
(8.3.2) and then discusses barriers and innovative ways to overcome these (3.3.3). Finally, it
lists a number of priority areas for bridging the gap on methane policies in the sector (3.3.4).
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GAINS model 2030 estimates
GAINS model 2025 estimates

The GAINS model considers significantly increased recovery rates of associated petroleum gas and improved management of planned
and accidental flare shut-downs through monitoring and swift response. Other mitigation measures with significant potential exist, such
as component replacement and equipment upgrades, such as the replacement of compressor seals, the replacement with instrument air
systems and electric motors/pumps, vapour recovery units for storage tanks, capture of blowdown gas, etc.
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3.3.2 Global outlook of policies in the fossil-fuel sector
3.3.2.1 0il and gas subsector

When the GMP was launched in late 2021, only a few jurisdictions—Canada, Colombia,
Mexico, Nigeria, Norway, and the United States of America had enforceable methane rules.
Over the past four years, momentum has spread to every producing region: Argentina, Brazil,
China, the European Union, Ghana, Japan and Kazakhstan have all adopted, drafted or are

in the process of developing dedicated plans and requirements. Several voluntary schemes
have flourished as well — membership of OGMP 2.0 has more than doubled and now covers
approximately 42 per cent of world output, while the Oil and Gas Decarbonization Charter
(OGDC) unites companies responsible for approximately 40 per cent of the global oil and gas

supply.

In the past four years momentum has reached every producing region. The European Union
Methane Regulation introduced the world's first import standard, phasing in measurement,
reporting and performance-based obligations between 2027 and 2030; the move is already
prompting exporters to improve their practices. Nigeria became the first African producer
with full scope LDAR and equipment standards, deliberately staged to build local service
capacity. Canada published draft Qil and Gas Sector Greenhouse Gas Emissions Cap
Regulations in November 2024, signalling a national cap and trade system that will reward
companies that drive methane intensity below the sector cap'. In 2024, Brazil's National
Energy Policy Council (CNPE) adopted guidelines that call for zero routine flaring and explicit
measures to curb methane leaks across upstream operations’. In Central Asia, Kazakhstan
is drafting rules to ban non-emergency venting, mandate LDAR and build a national MRV
framework before 20308

There are multiple additional forces that drive methane action within the fossil fuel sector
today. Record high revenues from fossil fuels and a tight global gas market since 2022 have
sharpened the business case for mitigation; the GAINS model shows that capturing methane
could free up about 150 billion m?® of saleable gas in 2030, bolstering energy security for

both exporters and importers. Investor and customer scrutiny, amplified by high resolution
satellite data, has turned large, unmitigated emissions into a potential reputational and
capital access risk. At the same time, emerging economies seek technology transfer and
concessional finance to bridge capacity gaps.

As discussed in Chapter 2 and the International Energy Agency (IEA) analysis (IEA 2023), it
is important to note that the decarbonization of the energy system will lead to a reduction
in methane emissions but will not reduce them fast enough without additional, immediate
action on fossil-fuel production. Without a dual strategy of reducing methane and deep
decarbonization it will not be possible to meet the Paris Agreement objective.
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https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/oil-gas-emissions-cap.html

https://www.gov.br/planalto/en/latest-news/2024/08/president-launches-national-energy-transition-policy-expected-to-bring-brl-2-trillion-in-
investment

https://www.ccacoalition.org/news/us-kazakhstan-joint-statement-accelerating-methane-mitigation-achieve-global-methane-pledge
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Box 3.2:

Oil and Gas Methane Partnership 2.0

The OGMP 2.0 is a voluntary industry measurement-
based framework that helps oil and gas companies
to replace generic emission factors with direct data,
reconcile source- and site-level inventories, and
report methane emissions across both operated
and non-operated assets. Its rapid uptake by more
than 150 companies has created a peer network
that shares methods and accelerates learning. The
detailed reporting aligns closely with emerging rules,
most notably the new European Union Methane
Regulation, so participation can smooth compliance

and build confidence among investors, buyers,
and regulators. While a number of gaps still exist
in company coverage, the OGMP is making great
efforts to improve this and bring in underrepresented
regions, non-operated assets and joint ventures.
Since the launch of the GMP, the OGMP 2.0 has
more than doubled its membership — a reflection
of the effect of the Pledge, regulations such as
the European Union Methane Regulation, investor
pressure and member-company pressure on joint
ventures.

Full rollout of the European Union import standard could help increase the regulation

of emissions considerably, as well as potentially augmenting importer standards in, for
example, Japan and the Republic of Korea. Global scale-up of action across all actors in the
sector, however, is urgently required to maximize the full abatement potential the oil and gas
sector has to offer, which would bring the world significantly closer to meeting its near-term
climate and methane-related targets.

3.3.2.2 Coal subsector

The IEA's Global Energy Review 2025 reported that global coal demand had risen by 1.4

per cent in 2024 and projects that it will peak by 2027. Coal demand is falling in advanced
economies, but it remains high in Asia. While renewables will reduce demand for coal in the
medium term, reducing methane emissions from coal mining using proven technologies is a
rapid, near-term opportunity. Yet many coal-mine methane projects have stalled since the end
of the Clean Development Mechanism (CDM).

Methane policy development and mitigation projects in the coal subsector lag far behind the oll
and gas subsector due to several key factors including technical difficulty and cost. The coal
industry also lacks coordinated, industry-led global initiatives to tackle methane emissions,
leaving a policy vacuum that slows innovation and standard-setting.

Despite this lack of progress, several jurisdictions, including major coal producers and users
such as China and Australia, have recently attempted to regulate methane emissions in the
coal subsector either directly or through broader climate policies. The most comprehensive
approach is that of the European Union which has regulated thermal coal methane and
closed mines. Coal regulations, as the European Union regulations for oil and gas, start with
improvements in data and monitoring then move to restrictions on flaring and venting.

Australia and California have both included coal methane as part of larger climate policies.
Australia’s Safeguard Mechanism will impact 59 of the largest mines and require emissions
either to slowly decrease between now and 2030 or be offset with carbon credits. California
has established methodologies to allow coal mine methane projects to be used as part of the
California cap-and-trade programme.
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Germany established the first Electricity Feed-In Act in 1991 to help drive renewable energy
projects. The regulation was later revised to include abandoned-mine methane (AMM). Since
2002, project developers have developed AMM projects at several of the gassier coal-mine
sites and more recent revisions have extended programme to include coal-mine methane

(CMM)™.

Box 3.3:

Even though there are no industry-led pledges

in the subsector, industry plays a critical role in
advancing CMM policy initiatives. This is especially
true in the United States of America, where both
compliance and voluntary markets are active.
Private sector entities, for example, advocate for
CMM incentives such as tax credits and renewable
energy credits at the state level.

At the international level, private industry has
promoted internationally accepted best practice

Industry initiatives in the coal subsector

and policies for CMM mitigation projects and
policies through both the Global Methane Initiative
and the United Nations Economic Commission
for Europe’s (UNECE) Group of Experts on Coal
Mine Methane and Just Transition, both of which
have been active for more than two decades. The
industry is also engaged in UNEP IMEQ's Steel
Methane Programme, a new initiative aimed at
tracking and mitigating methane emissions from
metallurgical coal used in steel production (UNEP
2024).

Future policy and regulatory development for CMM mitigation should incorporate a
combination of prescriptive, incentive and performance-based policy approaches. According
to the IEA's Global Methane Tracker 2024, such a hybrid framework ensures deployment of
proven technologies and incentivizes continuous improvement and innovation. Mandating
the use of methane-drainage systems or regenerative thermal oxidizers at high-emitting
mines, for instance, coupled with emissions-intensity targets or market-based mechanisms
such as carbon pricing, encourages compliance and cost-effective solutions.

3.3.3

Barriers and solutions

Despite recent policy momentum, the fossil-fuel sector continues to face deep-rooted
barriers that limit progress on methane mitigation. While technical solutions are readily
available and cost effective, policy frameworks frequently fall short due to limited technical
capacity, lack of data transparency, economic and financial constraints, and unclear
ownership rights. This section describes these barriers and solutions to overcome them, as

well as country case studies.

3.3.3.1

Technical capacity

Limited awareness, technical knowledge and institutional capacity continue to hinder the
adoption of methane mitigation measures in the fossil-fuel sector (IEA 2021). Knowledge
sharing between the public sector, civil society and the private sector is key to achieving
deep methane reductions. Capacity programmes should include gender balanced training
cohorts, outreach to women owned service small and medium-sized enterprises (SMEs) and
workforce policies that enable women to access skilled jobs created by methane abatement.
The CCAC plays a key role in supporting regulators through technical assistance and
capacity building to overcome this awareness and knowledge gap.

19 https://www.iea.org/policies/12392-germanys-renewables-energy-act
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Box 3.4: The Climate and Clean Air Coalition support for methane abatement in the fossil fuel sector

The CCAC is an active advocate for governments to Herzegovina, Colombia, Cote d'Ivoire, Gabon, Ghana,

prioritise methane and black carbon reductions from  Irag, Kazakhstan and Nigeria.

the fossil fuel sector. Through its Fossil Fuel Hub and

project funding the CCAC supports the development  In 2024, the CCAC also launched the Fossil Fuel

and enforcement of regulatory approaches, training, Regulatory Programme a streamlined effort to

the development of monitoring and reporting accelerate policy and regulatory support for fossil

techniques, and knowledge and technology transfers.  fuel methane reductions in up to 20 developing
countries by 2027. The programme builds on a

As of June 2025, the CCAC is supporting nine history of success in countries such as Colombia,
projects with a combined investment of US$1.8 Nigeria, and Iraq, with 3 countries already receiving
million. These include projects in Bosnia and support in a pilot phase (CCAC 2025b).

In Mexico, capacity building efforts were key to the finalization and implementation of the
country’'s methane regulation in 2018. As part of this process, the Agencia de Seguridad,
Energia y Ambiente (ASEA) of Mexico, in collaboration with CCAC, the Clean Air Task Force
(CATF), and the Center for Clean Air Policy (CCAP), successfully launched a capacity building
programme covering data management, LDAR, quantification best practice and third-party
verification (CCAC 2022).

In 2022, Nigeria became the first country in Africa to regulate methane emissions from

the oil and gas subsector. The country’s regulations were built from best practice that

other jurisdictions had incorporated in their regulations, such as frequent LDAR and
specific equipment standards. They were based on a staged approach to build capacity

in the country, recognizing that some of the knowledge, technologies, measurement, and
mitigation service providers did not exist yet in the country. Only one LDAR survey, for
example, was required in the first year, increasing to four surveys annually within five years.

3.3.3.2 Data transparency

Methane emissions data from the fossil-fuel sector have improved with advances in satellites
and other detection and measurement technologies but remain scarce and uncertain
(Binietoglou 2023). In the coal subsector, for example, many countries do not collect detailed
gas-content and methane-flow data with regularly, or these data are not usually made publicly
available, as they are considered proprietary information. Transparency is further hindered

by fears of regulatory consequences, i.e., admitting to emissions may open companies to
potential violations of existing policies or possibly to issues concerning royalty payments.
Additionally, measurement protocols vary widely, complicating efforts on emissions data
aggregation.

Developing measurement-based inventories and implementing robust MRV schemes will
increase confidence in estimates of methane emissions and provide insights about main
emissions sources and their typical sizes. Regulators do not need to wait for perfect data to
act, and regulations can include flexibility for companies to modify mitigation plans if their
company-specific inventories or measurements differ significantly from the national inventory
based on generic emission factors. The European Union’s rules on methane measurement
and reporting, for example, builds on OGMP 2.0 to help identify the location and volume of
methane emitted without relying on direct measurements (European Union Commission
2024). Another example is the state of Colorado, which focused first on establishing
prescriptive work-practice standards to address emissions from equipment venting and
leaks in 2014. Then in 2023, Colorado adopted its Intensity Verification Rule, which requires
operators within the state to report methane intensity across their assets accurately.
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3.3.3.4 Economic and financial barriers

Economic and financial constraints are major impediments to methane mitigation. The
high upfront capital costs that are typical for large infrastructure projects can deter
investment, particularly among small or financially constrained companies (CATF 2013).
Even when financing for capital costs is available or capital costs are not high, ongoing
operating costs can be difficult to justify for the operators, especially when competing with
potential investment in additional oil and gas production. National oil companies often lack
incentives to invest in mitigation solutions, as gains from improved operational efficiency
and reductions in wasted gas are typically returned to the government. Coal-mine methane
projects face additional hurdles, including variable methane flow rates, unfamiliarity among
financiers, small project scale, and limited market outlets and possibilities for onsite use,
all of which increase perceived risk and reduce investor interest (CATF 2013). Government-
imposed price controls on natural gas or coal can artificially suppress market incentives for
reducing emissions, weakening the economic case for action (CATF 2013).

International initiatives, such as the World Bank's Global Flaring and Methane Reduction
Partnership, provide grant funding and finance mobilization to deploy flaring and oil and
gas methane mitigation solutions. In addition, regulatory standards can help overcome
economic barriers by requiring companies to budget for and invest in mitigation even when
traditional returns on investment may fall short. Petréleos Mexicanos (PEMEX) the Mexican
state-owned petroleum corporation, for example, included methane mitigation in its 2022
budget following the implementation Mexico's methane regulation?’. The United States
Environmental Protection Agency (USEPA) adopted regulations requiring the use of zero-
bleed pneumatic controllers, with implementation required for existing facilities within five
years of the rule’s publication (Code of Federal Regulations 2025). This regulation pushed
many companies to convert their entire fleets of natural gas-driven controllers to zero-bleed
ones (Bart Cahir 2021; Code of Federal Regulations 2025).

3.3.3.5  Structural and ownership barriers

Corporate and contractual structures between different partners in oil and gas fields or
coal mines can hinder methane management by creating split incentives, coordination
challenges and legal barriers (USEPA 2019). In the oil and gas sector, production-sharing
contracts or joint ventures, through which multiple companies hold financial stakes in both
the assets that they do and do not operate, can obscure the responsibility for methane
mitigation. Although companies profit from non-operated assets, they frequently exclude
them from environmental reporting and sustainability commitments due to a perceived or
actual lack of control over methane mitigation action at them (Feldman et al. 2025). In the
coal sector, CMM projects are often further constrained by regulatory uncertainty, unclear
ownership rights to use or destroy CMM released, and complex land-use arrangements and
authorizations.

Regulations should account for unique structural/ownership issues in a country. All major
operators should be part of policy development in advance of finalization through public
consultation periods or industry workshops. In Mexico, for example, the Guidelines for the
Prevention and Integral Control of Methane Emissions from the Hydrocarbon Sector was the
outcome of extensive stakeholder collaboration and public consultation (GMI n.d.).
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PEMEX allocated investment in methane mitigation, in compliance with the guidelines for the prevention and comprehensive control of
methane emissions from the hydrocarbon sector, issued by the ASEA. This is reflected in their 2022 budget (see 2022 Annual Program (1st
Quarter Update): https://www.pemex.com/procura/procedimientos-de-contratacion/Paginas/programas.aspxhttps://www.pemex.com/
procura/procedimientos-de-contratacion/Paginas/programas.aspxhttps://www.pemex.com/procura/procedimientos-de-contratacion/
Paginas/programas.aspx.)
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3.3.4 Conclusion

Bridging the methane policy gap in the fossil fuel sector calls for strong implementation of
existing policies, continuous capacity building, increased ambition from additional producing
countries, a step change in the coal sector, ramped up technical support and innovative
financial mechanisms to facilitate mitigation in developing countries. Key areas for attention
include the following.

Enhancing MRV systems across all fossil fuel operations. Robust MRV is critical for
understanding and addressing methane emissions. Many countries rely on high-level
estimates or self-reported data without clear quantification guidelines, often underestimating
emissions. Expanding the use of direct measurement protocols and corroborated satellite data
could improve the accuracy and transparency of inventories.

Expanding LDAR in oil and gas. Leak detection and repair programmes offer a practical and
cost-effective approach to cutting methane emissions. They not only help reduce leaks but
also enhance data quality for inventories and enhance workplace safety and asset integrity.

Advancing methane mitigation in active underground and surface coal mines. Capturing and
utilizing, or destroying methane offer clear abatement pathways, whether from underground
drainage systems and ventilation shafts in active, underground mines or pre-mine drainage in
surface mines. Setting clear utilization targets could complement broader mitigation efforts.

Ensuring proper sealing techniques during mine and well closure. Methane emissions from
abandoned mines and wells can continue for decades after mining activities cease (Nazar
2020). Mines and wells must be properly closed and monitored, and, for coal mines, drainage
systems put in place to capture and destroy or utilize methane.

Strengthening enforcement mechanisms. Enforcement plays a pivotal role in ensuring
compliance with methane regulations. Establishing clear accountability structures, penalties
for non-compliance and independent oversight can reinforce commitments.

Facilitating access to finance and capacity building. Financial and technical capacity
constraints remain a barrier, particularly for smaller operators and emerging markets.
Providing financial-support mechanisms for projects that are truly additional and technical
assistance to less advanced players could help overcome these challenges.

Harnessing import standards as market leverage. Emerging import standards can serve as a
de facto policy driver for exporters with minimal methane regulations. By conditioning market
access on methane performance, major buyers create a clear incentive for producing countries
to adopt stronger mitigation practices.

Leveraging international and bilateral frameworks for capacity and alignment. Global, regional
and industrial partnerships, such as OGMP 2.0, can fill gaps where national policies are still
emerging. Regional initiatives, such as the Japan-Republic of Korea CLEAN coalition for
abatement of methane emissions from the liquified natural gas (LNG) supply chain, pair
technical guidance, data-sharing and seed financing, helping governments craft and enforce
robust methane rules in line with international best practice. Similarly, for coal-mine methane
mitigation, the UNECE Group of Experts on Coal Mine Methane and Just Transition supports
countries in developing effective MRV and mitigation systems and encourages the adoption of
global standards.

By addressing these connected areas, governments can help close the existing policy gaps
and support significant reductions in methane emissions from fossil fuel operations.
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Key messages

The waste sector is a significant source of anthropogenic methane emissions,
contributing approximately 20 per cent of the global total anthropogenic methane
emissions. Under current practices emissions from the waste sector are expected
to rise to 80 Mt of methane per year by 2030.

The solid waste subsector's immediate methane reduction potential of 8 Mt

of methane per year by 2030 is modest. More substantial reductions, of 49 Mt

of methane per year are, however, projected by 2050, contingent on near-term
investment in landfill upgrades, and the large-scale diversion of organic waste from
landfilling.

Because methane emissions from waste can persist for decades, early action pre-
2030 is critical to unlock long-term mitigation benefits.

For the wastewater subsector, estimates suggest that the maximum annual
mitigation potential is 5 Mt of methane per year by 2030 and 18 Mt of methane per
year by 2050. Key measures to avoid methane releases from wastewater include
preventing the formation of anaerobic conditions when possible, capturing methane
in facilities using anaerobic processes, and minimizing leaks from the systems.

Implementation of such technical measures should align with long-term
decarbonization and circular-economy objectives, prioritizing upstream measures,
such as mechanisms and incentives to prevent food loss and waste, together with
mandatory source separation. Consistent treatment infrastructure for organic
wastes and improved landfill engineering to ensure the sector would also contribute
to meeting global methane abatement goals.

Implementation of targeted methane mitigation measures would deliver important
business and economic co-benefits, such as preventing pollution, improvements
in public health, local economic development, social inclusion, renewable energy
production and sustainable agriculture. Methane mitigation from waste is not a
siloed climate action, but rather a catalytic investment in public wellbeing.

Mitigating methane emissions from the waste subsector presents several cost-
effective opportunities. Simple interventions, such as preventing food loss and
waste, promoting household- and community-level composting, and enforcing basic
operational standards at disposal sites, can yield immediate results with minimal
investment.

Over 150 countries include or acknowledge the sector in their NDC and 59 per cent
have defined concrete and actionable measures in at least one subsector, but few
have set quantified waste methane targets. To fully harness the climate mitigation
potential of the sector, NDCs must explicitly incorporate waste methane mitigation
targets, aligning them with long term decarbonization and circular-economy
objectives.
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»  Economic instruments play a crucial role in promoting methane mitigation from
waste, either by enabling adequate waste treatment infrastructures or rewarding
low-emissions solutions.

»  Effective mitigation of methane emissions from the waste sector demands
systemic change supported by a comprehensive policy framework that combines

regulatory measures, economic instruments and investment in infrastructure.

3.4.1 Introduction

The waste sector contributes approximately 20 per cent of global anthropogenic methane
emissions, primarily from the anaerobic decomposition of organic matter in final disposal
sites and from wastewater in lagoons, septic systems and latrines (IPCC 2021; UNEP
2022). Significant rises in emissions are expected for the sector by 2030 and 2050 driven

by population and economic growth, as well as improvements in waste and wastewater
collection and adequate disposal rates. These developments bring important health and
environmental benefits but tend to increase methane emissions unless dedicated measures
targeted at methane are introduced simultaneously.

Effective mitigation strategies either prevent its formation by reducing and diverting organic
waste from final disposal sites through source segregation, composting, anaerobic digestion
and thermal pre-treatment, or capture and use of landfill gas (European Commission 2018;
USEPA 2023). Although landfill-gas capture and other technologies are well established,
collection efficiencies are often influenced by landfill design, operational practices and aging
infrastructure (Scheutz et al. 2009). Methane can also be emitted from mismanaged waste
and wastewater treatment systems, particularly when aerobic processes shift to anaerobic
conditions. While many countries have integrated waste methane reductions into their NDCs,
widespread adoption of best practice remains uneven (UNEP 2022).

According to the GAINS model estimates presented in Chapter 2, the solid waste subsector
has a maximum technical potential for reducing methane emissions of 8 Mt methane

per year by 2030, relative to the CLE scenario. This potential is, however, constrained by
legacy disposal practices, particularly the historic accumulation of organic waste in poorly
managed landfills. An additional technically feasible reduction potential of 49 Mt of methane
per year is projected for 2050, contingent on near-term investment in reducing food waste,
the implementation of separate collection of (organic) waste, the valorisation of organic
waste, and capturing and valorising methane emissions from existing and new landfills.

Since methane emissions from legacy waste persists for decades, early action before 2030
is essential to unlock these long-term mitigation benefits. Policy frameworks must therefore
prioritize landfill gas capture or other strategies for limiting methane released from waste

in existing disposal sites. At the same time, upstream interventions, such as mechanisms
and incentives to prevent food loss and waste together with mandatory source separation,
should be advanced. This action should be complemented by expanding infrastructure to
valorise organic materials and improved landfill engineering, ensuring the waste subsector
contributes meaningfully to global methane abatement goals (UNEP 2022).

For the wastewater subsector, estimates from Chapter 2 suggest that the maximum annual
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mitigation potential is 5 Mt of methane per year by 2030 and 18 Mt by 2050, when the
remaining methane emissions are lower due to both prior abatement and structural shifts
(e.g., better sewage systems, declining organic load in untreated wastewater, or replacement
by less methane-intensive treatment technologies). Key measures to avoid methane
releases in the subsector include preventing the formation of anaerobic conditions when
possible, capturing methane in facilities using anaerobic processes and minimizing leaks
from the systems. Septic tanks can be retrofitted or replaced with digesters that recover
biogas.

Full deployment of methane targeted measures in the sector could reduce annual emissions
by 16 per cent (13 Mt) by 2030 compared to projected levels this same year under current
legislation. This potential could reach 66 Mt per year in 2050 provided that immediate
investment and infrastructure development are initiated in the short term.

This section outlines the global outlook of policies in the waste sector, including recent
trends in the policy landscape and commitments to action (3.4.2), barriers and solutions for
the sector (3.4.3), and recommendations for moving forward. (3.4.4).

3.4.2 Global outlook of policies in the waste sector

Since the launch of the GMP at COP26, there has been growing global momentum to tackle
methane emissions from waste. Over 150 countries include or acknowledge the sector in their
NDCs, and 59 per cent (115) have defined concrete and actionable measures in at least one
subsector. Many have emphasized upstream action such as food waste prevention, separate
collection of organic waste and improved treatment infrastructure, reflecting a shift towards
circularity and resource recovery.

Governments increasingly recognize the importance of appropriate waste collection,
segregation and treatment hierarchies. Sweden, for example, has implemented investment aid
policies since 2010 to support the market introduction of new biogas technologies, allocating
significant funds to biogas projects to enhance production and profitability (IEA 2020). In
India, the Sustainable Alternative Towards Affordable Transportation (SATAT) initiative aims
to establish 5,000 compressed biogas plants by 2025, promoting the use of organic waste
for energy production (World Biogas Association 2024a). Similarly, China's policies have
supported the installation of household-scale digesters in rural areas to increase access to
modern energy and clean cooking solutions (IEA 2020). In Brazil, the 2024 Fuel of the Future
Law introduced a mandatory requirement for the gradual inclusion of biomethane in the
natural-gas pipeline, starting at 1 per cent and rising to 10 per cent (World Biogas Association
2024b). These examples underline the global trend towards adopting suitable technologies as
a means of reducing methane emissions and harnessing renewable energy.

The recognition of the waste sector as a significant source of methane emissions has driven

a growing number of countries, sub-national governments and organizations to develop
initiatives aimed at reducing these emissions. Among the most prominent are the GMP and the
Lowering Organic Waste (LOW-Methane) Initiative. In addition to these flagship efforts, there
are other initiatives designed to strengthen waste-management systems while simultaneously
mitigating greenhouse gas emissions Including the Waste to Zero initiative, the Reducing
Methane from Organic Waste Declaration (ROW), the Regional Cooperation Programme for
Dumpsite Closure and Reduction of Methane Emissions from Organic Waste in Latin America
and the Caribbean, the Inter-American Development Bank's (IADB) Too Good to Waste initiative,
or the World Bank’s Global Methane Reduction Platform for Development (CH4D).
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Furthermore, there are several other regional and country initiatives aimed at reducing
methane from the waste sector, encompassing different approaches and strategies to tackle
this super pollutant. Policies such as France's food waste legislation reflect a shift toward
prevention, recovery and circularity. Austria has implemented a comprehensive mandatory
source-separation policy for biowaste, in place since 1995. The separated waste is directed
to composting or anaerobic digestion facilities, enabling high-quality resource recovery.
Robust monitoring, public engagement and bans on untreated biowaste in landfills have
supported Austria’s high capture rates (Ayandele et al. 2024). The Renewable Fuel Standard
(RFS) in the United States of America incentivizes, through a market-driven approach, the
capture and conversion of waste methane into renewable natural gas, which has a monetary
value and can be sold to obligated parties, fuel refiners and importers, to meet their RFS
quotas. The Food Policy of the Municipality of Milan recognizes anaerobic digestion as a key
technology for the conversion of organic waste, food scraps and agricultural residues, into
biogas and digestate, closing the loop in the food system.

Measures outlined in the NDCs for achieving methane mitigation targets in the waste
subsector focus on improving waste management systems through circular-economy
practices. These include strategies aimed at reducing food waste, source segregation,
separate waste collection, the adoption of composting and waste-valorisation technologies
such as anaerobic digestion, and the diversion of organic waste from landfills. Some also
consider the closure and upgrade of existing disposal sites through the installation of
gas-recovery systems for flaring or energy use. Furthermore, measures in the wastewater
subsector include capturing methane from anaerobic treatment for energy purposes.

Examples showcasing good practice in defining measures to reduce methane emissions in
the waste sector include the following.

Cameroon: strengthening waste-management policies — by 2035, all major cities
should have landfills with at least 70 per cent methane capture (UNFCCC 2021).

Chile: Chile’s 2021 National Organic Waste Strategy laid the groundwork for a
special law currently under parliamentary review, targeting 66 per cent diversion of
organic waste from landfills by 2040 and establishing a formal financing model for
municipalities.

Colombia: waste methane reduction fully integrated into national climate strategies.

Mexico: targets for emission reductions for the waste sector by 28 per cent in 2030
and specifically for reducing landfill methane emissions by 25 per cent by 2030.
Action is established in the General Law of Climate Change (LGCC) (Gobierno de
México 2024).

Nepal: by 2025, 380,000 m?® of wastewater per day will be treated before being
discharged, and 60,000 m? of faecal sludge will be managed per year. These two
activities will reduce emissions of CO,eq by more than 250,000 tonnes compared to
BAU. (Government of Nepal 2020).

Peru: a black-soldier-flies (BSFs) project aims to develop a plant for the
transformation of organic waste from a food market in Lima into high value insect
protein and additional saleable byproducts. This is noteworthy because food markets
exist in almost every city/village in the Global South from which it is easier to collect
waste than from households.
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Venezuela (Bolivarian Republic of): the National Sanitation Plan, which includes 35
landfills, recovery of final disposal sites nationwide and the control, capture and use
of methane generated, and the National Plan for the Construction of two Sanitary
Landfills for the control and capture of methane generated. The action is national, and
it is estimated that if carried out, it will capture 17,134 tonnes of CO,eq per year.

Viet Nam: commitments to methane capture from wastewater treatment plants.

United Arab Emirates (the): set landfill diversion targets, aiming for 50 per cent
diversion by 2025 and 80 per cent by 2031 (GMP 2024).

Uruguay: unconditional and conditional waste sector targets with a strong focus on
methane mitigation and food systems. The country has committed to reducing food
loss and waste by 50 per cent and implementing organic waste recovery and source-
separation systems across all departments by 2035. It also mandates environmental
upgrades and methane-reducing technologies for all household-waste disposal sites.
Conditional targets include prioritizing food donations for surplus edible food and
using remaining waste for animal feed, aligning with public health standards.

Integrating these targets into instruments such as National Waste Management Plans and
transposing them into sub-national waste-management plans, alongside the development of
clear implementation plans including on the local level, is essential to demonstrate national
commitment and ensure alignment with broader NDC commitments.

3.4.3 Barriers and solutions
3.4.3.1 Financial incentives and barriers

Economic instruments play a crucial role in promoting waste methane mitigation, either by
enabling adequate waste treatment infrastructure or by rewarding low-emissions solutions.
Economic and financial instruments to support and leverage methane mitigation varies
from grants, debt loans and equity, through fiscal and de-risking instruments, to revenue-
enhancing mechanisms, including gate fees, user fees, pay-as-you-throw schemes, result-
based schemes and carbon markets instruments. Adopting, for example, carbon-pricing
mechanisms, such as taxes or cap-and-trade systems, has been effective tools for reducing
emissions. High carbon pricing has been shown to lead to substantial reductions in methane
emissions, making it a potent tool for climate policy (Pérez-Dominguez et al. 2021). Several
financial barriers, however, hinder the implementation of methane mitigation projects,
especially in low-to-middle income countries (Bufoni et al. 2016). Landfill gas (LFG) capture
and use is particularly economic in medium to large landfills, in which economies of scale
can be leveraged. Early LFG recovery using basic technologies can be deployed relatively
quickly and at modest cost, making it an effective strategy for methane abatement (Scharff
et al. 2023). High upfront investment costs for LFG systems and limited access to finance
are significant challenges (Markgraf and Kaza 2016). Additionally, the lack of robust financial
mechanisms and incentives can deter private sector investment in waste management
infrastructure. The lack of effective and sufficient fee-collection systems coupled with
undeveloped markets for byproducts and offtake volume for products coming out of waste
valorisation infrastructure make waste projects seem high risk and low return.
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3.4.3.2 Case studies from around the world

By optimizing anaerobic digestion in wastewater treatment plants, it is possible to enhance
biogas production while minimizing methane emissions (Zueva et al. 2024; CCAC 2025).
Germany has been a leader in implementing anaerobic digestion technologies for organic
waste treatment. By integrating these technologies into municipal wastewater management
systems, Germany has effectively reduced methane emissions from landfills. The digestate
produced is used as a biofertilizer, promoting sustainable agricultural practices. This
approach aligns with Germany's commitment under the GMP to lower methane emissions
and transition to a circular economy (CATF 2025).

Brazil has several successful landfill gas-to-energy projects. The first CDM project, registered
in 2004, planned to reduce emissions of methane from a landfill in the state of Rio de
Janeiro by capturing methane to use it for generating electricity, aimed to mitigate about
31,000 tonnes of methane per year. More recently, the Fortaleza Renewable Natural Gas
plant, inaugurated in 2018 at the Caucaia West Metropolitan Sanitary Landfill (ASMOC) in the
Metropolitan Region of Fortaleza. It operates an advanced renewable natural gas treatment
system and is the first plant in the region to inject biomethane into the local gas pipeline
network. Another recent project, developed by Orizon, is designed to process up to 200,000
tonnes of waste per year, primarily municipal solid waste (MSW). It is upgrading of a former
landfill in Paulinia, Sao Paulo, into an EcoPark, while focussing on converting waste into
valuable biomethane.

By converting organic waste into high-quality protein and nutrient-rich frass?' within

about two weeks, BSF technology offers an environmentally friendly approach that

supports organic-waste reduction, and therefore reduced methane emissions, agricultural
sustainability and new business opportunities. This technology is versatile and scalable,
making it suitable for a range of operations, from smallholder farms to large industrial
facilities (CCAC 2025). While most BSF operations to date have been small to medium-sized,
recent investments in larger BSF companies show considerable future potential. Entobel, a
Singapore-based BSF company, has opened a BSF production facility in Viet Nam, which is
described as one of the largest insect production facilities in Asia. In 2022, Entobel raised
over USS30 million to build a commercial plant with the capacity to produce 10,000 tonnes
of insect meal per year, creating 150 jobs in the region. A BSF factory of similar size was also
completed in 2024 in Denmark by Enorm, with an investment of approximately USS50 million
(CCAC 2025).

The Surabaya municipality in Indonesia has developed a community-based organic-waste
diversion system that was initially supported by bilateral cooperation with Kitakyushu

City, Japan, local non-governmental organizations (NGOs) and the private sector. Local
NGOs played a crucial role in collecting organic waste from households, with residents
being incentivized for their contributions. Over time, the system expanded to include waste
banks and community-based composting centres, and further strengthening community
engagement and waste-management capacity (CCAC 2025).

debris or excrement produced by insects
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Composting is key to significantly reducing methane emissions by providing an aerobic
alternative to anaerobic decomposition in landfills. From a cost-effectiveness standpoint,
composting offers a budget-friendly approach to reducing methane emissions generated

by landfills. Since composting can be carried out using simple, low-cost technology,
particularly at the municipal scale, it presents a practical option for numerous communities.
In Accra, Ghana, the government partnered with the Jospong Group?? to expand composting
capacity through blended finance. The model combines national budget allocations, private
investment, grants from DFIs and debt financing. Investment of more than USS$23 million has
supported scaling, producing more than 240,000 tonnes of compost and creating over 1,000
jobs (CCAC 2025).

In Pakistan, the Lahore Composting Project’s blended finance model combines private
investment from Saif Group’s?® Lahore Compost Ltd. with donor support from the Energy
Sector Management Assistance Program (ESMAP), managed by the World Bank. The private
company invested equity and secured long-term debt to build a facility processing MSW

into compost. ESMAP and the World Bank provided technical assistance and supported
CDM registration, enabling the project to generate carbon credits based on verified methane
reductions (CCAC 2025).

In Durban, South Africa, a city-led composting project diverts food waste from markets,
reducing methane emissions and landfill costs of around USS93 per tonne. The city
conducted a cost-benefit analysis projecting a net benefit of USS565,000 over 10 years,
based on measurable outcomes including emissions reduction, job creation and municipal
savings. These quantified results enabled reinvestment in the markets’ infrastructure and
demonstrate how data-driven impact projects can support future results-based finance
opportunities (CCAC 2025).

Research by the Champions 12.3 coalition? across 17 countries and 700 companies on
reducing food loss and waste indicates that there is a strong business case for private
businesses to reduce food loss and waste (Flanagan et al. 2018). In many cases, the
marginal benefits of eliminating losses outweigh the costs for interventions. Ninety-nine per
cent of companies included in the analysis earned a positive return on their investments,
with a median 14-fold financial return (Hansona and Mitchell 2017).

https://jospongroup.com/

https://saifgroup.com/

https://www.champions123.org/
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Box 3.5: The Climate and Clean Air Coalition support for methane abatement in the waste sector

In the waste sector, the CCAC focuses its support
toward cities and countries in the areas of planning
and solutions mapping.

The CCAC is currently supporting four countries

— Argentina, Brazil, Irag and Senegal — to develop
policies and/or regulations following requests for
assistance. The targeted outcome for Argentina

is the endorsement of policy to enable the use

of byproducts of organic-waste valorisation by

the end of the project or soon thereafter. At the
subnational level in Brazil agencies aim to adopt
new waste-management practices based on the
Methane Strategy, and at the national level, the
federal government is incorporating the Methane
Strategy into relevant policies on reducing methane
emissions. The Government of Iraq is including
short-lived climate pollutant (SLCP) mitigation into

3.4.4 Conclusion

its Municipal Solid Waste Management Law. The
Government of Senegal is adopting an enhanced
regulatory framework for SLCPs in organic waste
management. Previously, the CCAC has assisted
with the development of sustainable waste-
management laws in Brazil (Sao Paulo), Kenya
(Nairobi), and Peru.

The Coalition also supports Costa Rica, Peru,
Uganda, Nigeria, Panama and Paraguay on the
development/implementation of tools, technologies
and/or practices to reduce methane from organic
waste.

Overall, 30 projects are ongoing in the waste
sector, including support to 21 countries and CCAC
investment of USS$8.5 million.

By taking urgent, sustained integrated action, the waste sector has a significant opportunity
to reduce its methane emissions. Early intervention is essential to prevent emissions and
avoid long-term lock-ins as methane emissions from landfilled organic waste may persist for

decades.

These interventions should align with the necessary sectoral transition from a take-
make-dispose linear model to a more circular waste-as-resource management system,
encompassing the ultimate ambition of a zero-waste approach, with relevant greenhouse
gas- including methane — savings from upstream initiatives such as waste prevention, reuse
and recycling practices (Wilson et al. 2024). Accelerating action now is vital to maximizing
short-term results while securing deeper mitigation outcomes over the coming decades.

In many cases, significant emissions reductions can be achieved at low or even no net cost,
particularly when factoring in the economic value of recovered materials, avoided health
costs and improved environmental quality. Simple interventions, such as preventing food
loss and waste, promoting household- and community-level composting, and enforcing
basic operational standards at disposal sites, can yield immediate results with minimal
investment. Without clear mandates and consistent enforcement, however, low-cost
mitigation options, such as food-waste prevention, BSF farming, composting, anaerobic
digestion, bio covers and landfill-gas recovery will remain underused (Scheutz et al. 2009).

The waste sector requires an integrated and forward-looking approach that starts by
strengthening regulatory frameworks together with better data collection and monitoring
systems. Key action includes mandating the separate collection of organic waste

and establishing facilities to treat it, enforcing standards for engineered landfills and
increasingly diverting untreated biodegradable waste from landfills, essential to curbing
methane emissions at source (European Commission 2018; UNEP 2022; UNEP and ISWA
2024). National regulations should also provide the basis for scaling up composting and
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anaerobic digestion infrastructure, especially in urban and peri-urban settings. Sub-national
governments can play a pivotal role in implementation and should be supported with
adequate institutional capacity and enforcement tools.

In parallel, to fully harness the climate mitigation potential of the waste sector, countries
should explicitly incorporate methane mitigation targets in their NDCs, aligning them with
long-term decarbonization goals and circular-economy strategies. By adopting the MTFR
pathway, countries can unlock the full mitigation potential offered by the sector beyond 2030
(CCAC 2025).

To operationalize these goals, governments should also prioritize the mobilization of
sustainable and scalable financing, enabling policies and expanding economic incentives
through fiscal policies, carbon pricing, methane credits, and concessional financing for
biogas and organic-waste processing infrastructure (IEA 2020). Long-term strategies should
go beyond end-of-pipe waste management and prioritize upstream interventions, that are
not only environmentally and climate sound, but also socially, politically and economically
attractive, especially for countries facing multiple development challenges. Such
interventions demonstrate that mitigation of methane emissions from waste is not a siloed
climate action, but rather a catalytic investment in public well-being.

Expanding public-private partnerships (PPPs) is also critical to accelerating innovation,
expanding infrastructure, and scaling methane mitigation solutions across the waste sector.
By leveraging the expertise, efficiency and investment capacity of the private sector, PPPs
can facilitate the deployment of cutting-edge technologies, such as advanced composting
systems, modular anaerobic digesters, landfill-gas capture solutions and digital monitoring
platforms. To be effective, these partnerships require enabling regulatory environments,
clear risk-sharing mechanisms, transparent procurement processes and predictable revenue
streams that make waste sector investments bankable. Integrating methane-reduction
targets into PPP contracts, concession agreements and tenders for infrastructure can help
align private capital with public climate goals, while promoting innovation and accountability
throughout the value chain.

Additionally, robust MRV systems are not just a technical necessity, they are a strategic
enabler, needed to track progress compared to the baseline; improve emissions estimates,
including legacy emissions; and attract finance (UNEP 2022). Robust MRV systems provide
a structured framework for monitoring the implementation and effectiveness of methane
mitigation measures and are a prerequisite for accessing performance-based climate
finance.

Time is a decisive factor. As highlighted in this chapter, methane emissions from the waste
sector are released gradually over time, which means that action taken before 2030 is
essential to unlock full mitigation benefits by 2040 and 2050. Methane mitigation in the
waste sector remains one of the fastest and most cost-effective ways of reducing near-term
warming and delaying action will narrow the window of opportunity. Without decisive and
immediate action, the sector’s contribution to the GMP and broader climate goals will remain
unrealized.

Solutions are available, affordable and already being implemented in many parts of the
world, but require strategic investment, political commitment and coordinated action to

be scaled up and replicated. Decisions made today could significantly mitigate methane
emissions, reduce to effects of pollution, protect public health, create (green) jobs and make
meaningful progress towards global climate targets. The opportunity is relevant and urgent,
but still entirely within reach.
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Key messages

Agriculture is the largest source of global anthropogenic methane emissions,
accounting for almost 42 per cent in 2020, with livestock and rice cultivation as the
primary drivers. Without additional mitigation, emissions are expected to rise by 8
per cent by 2030 and 17 per cent by 2050, compared to 2020 levels, mainly due to
increases in livestock populations in Africa and Latin America.

Mitigation ambition in agriculture has increased, but current NDCs and MAPs lack
specificity. Only 4 per cent of NDCs include quantified, time-bound agricultural
methane reduction targets, and current plans achieve just half of the sector’s full
cost-effective mitigation potential.

Low-cost mitigation options exist, including improved rice cultivation and bans
on agricultural waste burning, especially in Africa and South-East Asia. Livestock-
related options, though costlier, offer significant potential in the Americas and
Western Europe.

Building climate-resilient livestock systems in smallholder and pastoralist settings
can deliver multiple benefits — improving productivity while reducing emissions.

Policy coverage remains limited and uneven, with only 2-18 per cent of GMP
participating countries having policies directly targeting key sources such as enteric
fermentation, rice cultivation, or manure management.

Holistic, equity-based policies are needed to avoid unintended consequences, such
as shifting emissions to unregulated sources, or increasing food insecurity and rural
poverty.

Financial, institutional, and technical barriers persist, but redirecting a small share of
harmful agricultural subsidies and improving MRV systems could unlock progress
and link mitigation to development co-benefits.
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3.5.1 Introduction

This section provides a brief overview of agricultural methane emission trends and
mitigation opportunities, and then examines the global outlook for policies, illustrating their
evolution and coverage of key emission sources over time, the stringency of these policies,
potential unintended consequences, and their context within global food security. The
section then considers barriers and solutions and makes recommendations for the future.

Box 3.6: Integrated Agriculture and Food Systems Assessment

The upcoming UNEP and Food and Agriculture Set for publication in 2026, the Assessment will
Organization (FAO) Integrated Agriculture and Food explore mitigation options, including on-farm
Systems Assessment will be the first sector-focused ~ measures, action across broader food systems,
integrated assessment produced by the CCAC. It will  and demand-side measures addressing food waste

explore pathways that address climate change while  and diet. These will then be evaluated, using new
supporting the development of agriculture and food modelling, to quantify the multiple benefits and

systems. potential trade-offs from implementing different
combinations of measures. The modelling will

The Assessment will identify and evaluate the links, assess both the short- and medium-term, outlining

synergies, trade-offs and multiple-benefits of SLCP- how emissions can be reduced within NDC and

focused policies, action and measures in agriculture long-term strategy horizons, as well as assessing

and food systems. This information will inform the long-term transformations needed to sustain

a roadmap for implementing relevant mitigation reductions through to 2100.

measures, consistent with the GMP target and 1.5°C
climate scenarios, to maximize synergies for socio-
economic development and food security while
minimizing trade-offs.

3.5.1.1  Agricultural methane emissions: status, trends and mitigation
opportunities

In 2020, agriculture was the largest source of global biogenic methane emissions,
responsible for 146 Mt per year or almost 42 per cent of the global total, slightly ahead of
the energy sector. Livestock and rice cultivation dominate these emissions, contributing
76 per cent and 21 per cent respectively, while agricultural waste burning accounts for the
remaining 3 per cent.

Emissions vary significantly across regions. The G20+ accounts for more than 60 per cent
of global agricultural methane emissions, led by India, China, Brazil, the United States of
America, and the European Union. Non-G20+ countries, particularly in Africa and South-East
Asia, contribute around 45 per cent of their total methane emissions from agriculture.

Without additional mitigation policies beyond those in place as of December 2024,
emissions from agriculture are projected to rise by 7.8 per cent by 2030 and 17 per cent by
2050 compared to 2020 levels. Growth will be primarily driven by expanding livestock herds,
especially in Africa and Latin America.

Under NDCs and MAPs, agricultural methane emissions are projected to stabilize at 2020

levels by 2030, due to the expansion of livestock herds outweighing reductions from rice
cultivation and waste burning.
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The GAINS model estimates that fully deploying low-cost mitigation technologies, those
costing less than USS$1,000 per tonne of methane or USS36 per tonne CO,eq, could reduce
agricultural methane emissions by 15 per cent by 2030 compared to projected emissions for
the sector under current legislation in the same year. Despite agriculture’s relatively modest
role in global methane mitigation potential, around 24 Mt per year, several interventions offer
substantial benefits at low or negative costs.

Key opportunities include improved rice cultivation, for example, improved water
management and sulphate use, which could reduce emissions by 9.8 Mt per year at negative
cost by 2030, and banning the open burning of agricultural waste, which lower emissions by
a further 4.7 Mt per year at zero cost, by 2030. Geographically, the highest potentials are in
South-East Asia, Africa, and the Americas.

In the livestock sector, cost-effective strategies such as reducing enteric fermentation and
improved manure management are available, but implementation is often limited by higher
costs and social factors. In low-income regions, co-benefits, such as improved animal
health and climate resilience through veterinary care feed storage and gender-inclusive
programmes, make mitigation more attractive.

Beyond technical solutions, shifts in food systems, such as adopting healthy diets and
halving food waste, would bring additional cuts to global methane emissions which are
needed to stay on a pathway consistent with internationally agreed climate goals by 2050.
These changes, along with measures including anaerobic digestion and intermittent rice
irrigation, could also yield reductions in other greenhouse gases, such as CO, and nitrous
oxide (N,0), amplifying climate benefits.

In summary, while agriculture is a major and growing source of methane emissions, multiple
cost-effective and socially beneficial mitigation options exist. Urgent and ambitious action

is needed to close the gap between current policy ambition and the sector’s full mitigation
potential.

3.5.2  Global trends in national policies since the Global
Methane Pledge

3.5.2.1  Evolution of agricultural methane reduction policies

Since the GMP, there has been a rise in the inclusion of agricultural methane reduction in
national climate policies. As of June 2025, 85 countries, compared to 45 countries pre-
2020, have identified policies and measures that address agricultural sources of methane

in their latest NDCs, representing a growth of 89 per cent. Even when action in these
methane emitting sectors is identified, however, quantitative targets for methane reductions
or and timelines for the implementation of action are often not specified. Indeed, the FAO
finds that only 4 per cent of the latest NDCs submitted identify quantified and time-bound
methane-specific reduction targets in the agricultural sector, none of which are aligned with
or comparable to the GMP target and base year. Furthermore, many of the world’s largest
methane emitting countries have not identified national action to reduce their emissions.

A comparative analysis by the FAO of national methane emission sources from agriculture
against methane mitigation measures included in the NDCs illustrates a policy coverage
gap equivalent to 61 per cent of methane emissions in the sector (Crumpler et al. 2025). It is
thus evident that the pledged methane emission reductions stated in the NDCs and MAPs
are insufficient for achieving the GMP, and the political commitments stated within them will
only achieve half of the sector’'s maximum technical reduction potential.
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A global review of national policies in force as of 2023 found that only 13 per cent of global
methane emissions are currently covered and that the agricultural sector, compared to
energy and waste, is the least represented — constituting just 17 per cent of all policies
identified (Olczak et al. 2023). Overall, there is a generally positive trajectory in the increase
of agricultural methane reduction policies observed over the last decade compared to the
previous one (Figure 3.3), driven primarily by three regions - Europe, Asia Pacific and North
America, with far fewer policies adopted in the Middle East and Central and South America.

Figure 3.3:  Growing agricultural methane policy coverage, number of policies in force targeting specific agricultural
methane emission sources, pre-2003, 2003-2012 and 2013-2023.
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Policymakers designing agricultural methane policies more often choose economic, 35

per cent, and complementary, 25 per cent, instruments or mixes of policy tools, 20 per

cent, over other types of policies, such as regulatory, 14 per cent, and information, 6 per
cent, instruments (Figure 3.4). Over the last decade, however, policies have shifted towards
more regulatory and informational instruments, consistent with the global shift towards
financing through carbon markets (Schmidt et al. 2018; Eskander et al. 2020; Nascimento

et al. 2022; Olzcak et al. 2023) and perhaps the recognition of the need to drive behavioural
change through greater awareness and capacity building amongst agricultural communities,
addressing an underlying barrier to many mitigation solutions in the sector.

Compared to the fossil-fuel sector for which regulations are more common, policies in

the agricultural sector are predominantly economic in nature, such as fiscal and financial
incentives. The Brazilian Low Carbon Emission in Agriculture (ABC+) Plan (2020-2030), for
example, provides government-backed loans and improved access to credit and financing
to promote sustainable agriculture, including manure management. Tax credits for biogas
in the United States of America are also used, for example, the Renewable Fuels Production
Tax Credit, as are tax exemptions in China for biogas companies supplying rural clean energy
from manure, as stated in the 14th Five Year Plan on Modern Energy System Planning in
2022. Denmark has also established a methane tax through the Agreement on a Green
Denmark Policy. Some countries, including Australia, Canada and the United States of
America, have integrated livestock and/or rice methane in their carbon trading schemes
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(Olzcak et al. 2023; Zhu et al. 2024). Canada’s draft Reducing Enteric Methane Emissions
from Beef Cattle (REME) Protocol, for example, aims to reduce methane from confined beef-
cattle feeding operations by providing offset credits generated through improved animal
diets, management practices and the use of feed additives.

Complementary policies, such as research and development (R&D) subsidies and voluntary
programmes, are also more common in the agricultural sector than others. The Brazilian
Agricultural Research Corporation, for example, provides targeted funding for development
and the creation of markets for new methane-reduction technologies (Lucchese-Cheung et
al. 2022). Many countries, including Australia, Brazil, Canada, Ireland, the Netherlands, New
Zealand, and the United States of America, provide R&D funding and supporting international
research initiatives, such as the Global Research Alliance on Agricultural Greenhouse
Gases. Voluntary agreements between governments and the private sector, such as the one
between the Norwegian government and agricultural organizations to reduce emissions
between 2021 and 2030, can also complement more stringent regulatory instruments.
Mixes of different policies, such as a combination of a regulation, financial incentives and
awareness-raising campaigns to address the burning of crop waste, are more commonly
used than in the fossil-fuel sector (Olzcak et al. 2023).

Regulations often mandate improved manure management, for example in China and the
Republic of Korea, and incentivize biogas production, as in China, Denmark, France, Germany
and Italy. Regulations can also play a role in introducing new technologies and changing
farming practice, such as by endorsing the system of rice intensification in Viet Nam, or, as
in India, by regulating agricultural residue burning. Lastly, information instruments are critical
for improving awareness of emissions and mitigation options among different stakeholders
and can be developed in cooperation between the public and private sector, such as the
Carbon-Neutral Brazilian Beef certification launched by the Brazilian Agricultural Research
Corporation (Olzcak et al. 2023).

Typologies of national agricultural methane policies adopted by governments between 1974-2024,
number of policies.

Enteric fermentation Manure management Rice cultivation Agriculture waste burning

B Complementary M Economic M Information W Mix of policy instruments M Regulatory
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Figure 3.5:
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3.5.2.2  Agricultural methane policy coverage

Amongst GMP participating countries, however, only 2 per cent, 3 per cent, and 18 per
cent of members have national policies in force directly addressing enteric fermentation,
rice cultivation, and manure management, respectively (Figure 3.5). This suggests that,
despite political commitments in the NDCs and amongst GMP participating countries,
there is limited translation and integration of agricultural methane reduction measures into
actionable policies, strategies and implementation instruments at the national and sectoral
levels.

Global agricultural methane emissions and direct methane mitigation policies in force/proposed by
specific emission sources, per cent.

Enteric fermentation Rice cultivation Manure management

I Per cent of global methane emissions
H Per cent of NDCs with methane mitigation measures included as of 2024

 Per cent of GMP Parties with direct methane mitigation policies in force as of 2023

Source: Global agricultural methane emissions, FAOSTAT 2025 (FAO 2023); NDCs with agricultural methane measures, Crumpler et
al. 2025, GMP participating countries with methane policies, Olzcak et al. 2023
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In agriculture, policies most often target emissions from livestock manure, which is a smaller
source of methane emissions globally than enteric fermentation (Figure 3.5). This may be
explained by the wide availability of technologies that use manure for energy production,

for instance, anaerobic digestion, due to policy support for this renewable source of

energy through, for example, feed-in tariffs for biogas production (Olzcak et al. 2023). On

the other hand, strategies to mitigate enteric fermentation emissions, such as animal and
feed management, diet formulation, and rumen manipulation, are not widely used, and the
barriers to their widescale adoption are not well understood (Nabuurs et al. 2022). As a result,
emissions from enteric fermentation are rarely targeted by policy despite constituting the
largest source of methane emissions from agriculture. A recent FAO livestock methane policy
analysis, based on data on methane emissions from national greenhouse gas inventories
submitted to the UNFCCC and other national policy documents, found that only about
one-third of the 28 countries responsible for over 80 per cent of global livestock methane
emissions have dedicated methane policy instruments to address livestock methane
mitigation. Most countries have included livestock methane measures in their national

policy frameworks, such as climate policies, agricultural development, and low-emission
development strategies, yet nearly all omit livestock-specific methane reduction targets.
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In the crop subsector, effective policies targeting rice cultivation and the burning of rice paddy
straw and other crop residues are absent in selected regions, particularly in China, Japan,

the Republic of Korea, South Asia (especially India) and South-East Asia, which together
account for over 85 per cent of emissions from rice cultivation (Saunois et al. 2020; Olzcak et
al. 2023). While open-field burning has declined globally, it is increasing in densely populated
agricultural areas in China and India (Shyamsundar et al. 2019; Olzcak et al. 2023) as well as
in Africa and the Americas (Lin and Begho, 2022; Deshpande et al. 2023).

A comparative review of methane policies in two of the world's top-emitting countries, China
and the United States of America, found that both have paid the least attention to livestock
enteric fermentation and rice cultivation, compared to other sectors. Policy coverage is
highest with respect to manure management, largely due to concerns around manure as

a major source of pollution in rural areas and its potential to provide low-cost clean energy
to rural households. Both countries use a combination of laws, regulations, and tax credits
to regulate manure management and incentivize investment in the development of biogas
production (Zhu et al. 2024).

3.5.2.3  Agricultural methane policy stringency, effectiveness,
unintended consequences and equity

Agricultural methane policies are generally less stringent (Olczak et al., 2023) than those in
the waste or oil and gas sectors, partly due to concerns over food security, rural livelihoods
and international competitiveness. Evidence on their effectiveness and the cost of their
implementation remains limited, highlighting the need for further research to guide future
policymaking (Melvin et al., 2016; Olczak et al., 2023; Zhu et al., 2024).

Poorly designed policies can lead to unintended consequences, such as increasing
emissions of other greenhouse gases, raising food prices, or promoting more emission-
intensive production through subsidies or offset schemes, for example, in the case of
switching from maize to more greenhouse gas intensive rice production (Nabuurs et al.
2022; Olzcak et al. 2023).

Holistic, well-integrated approaches are essential to avoid such trade-offs and align methane
mitigation with broader sustainability goals (Nabuurs et al. 2022; Olzcak et al. 2023).
Importantly, mitigation in agriculture must consider equity: smallholder farmers and rural
communities, who are most vulnerable to climate impacts, often bear the highest burden
but are rarely explicitly acknowledged in agricultural climate mitigation plans (Crumpler et al.
2024). The IPCC and FAO emphasize the need for policy frameworks that evaluate methane
reduction strategies through both effectiveness and equity lenses to ensure they support
food security and poverty reduction (Nabuurs et al. 2022; Crumpler et al. 2024).
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3.5.3 Barriers and solutions

While many mitigation options technically exist in the agricultural sector, implementing
these often proves challenging due to divergent national government priorities, needs

and capacities to act. In the agricultural sector, common barriers include a lack of
financing, insufficient awareness and capacity, the need to change production methods or
technologies, the absence of adequate policies and regulations, and challenges in changing
consumption behaviour (UNEP and CCAC 2024). Overall, addressing these barriers requires
the careful design of regulatory, economic, information-based and complementary policy
instruments and mechanisms to facilitate and incentivize implementation (Olczak et al.
2023).

3.5.3.1 Socioeconomic barriers and opportunities

Lack of finance and investment: despite the widespread recognition of the role of the
agricultural sector in achieving the temperature goal of the Paris Agreement, limited access
to and scalability of finance represents a major barrier to the implementation of mitigation in
the sector (Nabuurs et al. 2022). According to the Climate Policy Initiative (CPI), an estimated
USS16.5 billion per year is needed in methane abatement finance in the agricultural, forestry
and land-use (AFOLU) sector by 2030 (de Aragdo Fernandes et al. 2023). While undoubtedly
large, this amount pales in comparison to the often inefficient and harmful explicit subsidies
in the sector, which available data suggests are at least USS635 billion per year but likely in
excess of USS1 trillion (Damania et al. 2023). Repurposing even a small fraction of these
resources could go a long way to addressing investment needs. Compared to current flows,
methane abatement finance gaps are most significant in the fossil-fuel and AFOLU sectors,
with the AFOLU financing gap estimated to be USS9 billion per year (de Aragdo Fernandes

et al. 2023). An FAQ analysis reveals that livestock systems received just 2 per cent of total
climate-related finance to agrifood systems between 2013 and 2022 (Galbiati and Bernoux
2024). The private sector currently provides 84 per cent of climate finance for methane
abatement in the AFOLU sector for 2021/22 amounting to USS6.34 billion, while only
USS$1.17 billion, comes from public sources (de Aragdo Fernandes et al. 2023).

There is potential for blended finance models to scale methane mitigation efforts at the farm
level by leveraging concessional public finance to mobilize additional private investment.

To this end, strategic partnerships between multilateral development banks (MDBs) and
agricultural public development banks (AgriPDBs) could play a critical role, for example,
through the World Bank’s Global Methane Reduction Platform for Development. The active
engagement of farmers and farmer organizations in the development of adequate financial
instruments can ensure that funding mechanisms respond to their operational realities, risk
profiles and investment capacities, creating incentives that are both effective and equitable.

De-risking private sector investments could release finance for agricultural methane
mitigation. Under the International Livestock Research Institute (ILRI)-CCAC Accelerating
Methane Reductions In Rice Production Systems Through Market-based Mechanisms
project, for example, the enabling environment is being strengthened for private sector
investment in carbon credits and market development for low-emission rice in South-East
Asia.
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Upfront investment risk and uncertainty: shifting to new or improved technologies that

can reduce methane emissions, especially in agriculture, may require significant time or
upfront financial investment by agricultural stakeholders. Adoption rates are often low

due to risk aversion among agricultural stakeholders (Nabuurs et al. 2022). Finance and
economic incentive mechanisms, such as subsidies, tax exemptions and financial benefits,
can, however, smooth over risks associated with upfront investment costs, especially
among poor rural communities. Government-backed loans, improved access to credit and
financing are, for instance, key incentives in Brazil's ABC+ Plan promoting improved manure
management.

Entrenched socio-cultural norms and resistance to change: agriculture is deeply tied to
long-standing cultural traditions and heritage, often going back for generations. Evidence
shows that barriers to adoption are strongest where emissions are tied to tradition. Where
regulatory approaches or taxes face resistance, information programmes and awareness
raising around how technologies can improve agricultural yields, reduce costs or improve
rural livelihoods can prove powerful in facilitating behavioural change (Nabuurs et al. 2022).

3.5.3.2 Institutional barriers and opportunities

Fragmented institutional capacities and regulatory regimes: lack of institutional capacity
to plan and coordinate mitigation programmes for agricultural methane across institutions
and at different scales represents a recurring barrier to implementation. This is often
compounded by lack of data to understand the sources of agricultural methane emissions
and the capacity to plan and monitor them, which can also impede access to carbon
markets. Some promising technologies may be impeded by regulatory processes, such

as approval process for chemically synthesized enteric fermentation inhibitors, and
administration in pasture-based systems can also be challenging. Further, the adoption of
mitigation practices is limited in areas with unclear property rights (Nabuurs et al. 2022).

3.5.3.3  Ecological barriers and opportunities

Soil conditions, water availability and interactions with other greenhouse gases: some
solutions for reducing methane emissions from agriculture may face on-site ecological
barriers. Limitations on improving rice management, for example, can include soil type,
percolation and seepage rates or fluctuations in precipitation, water canal or irrigation
infrastructure, paddy surface levels and rice-field size, combined with social factors such as
pump ownership and challenges in synchronizing water management between neighbours
and pumping stations. Additionally, trade-offs between methane and nitrous oxide mitigation
occur when water management enhances N,O emissions due to alternating wet and dry
conditions, potentially offsetting some methane mitigation benefits. Similarly, in the livestock
sector, increased nitrous oxide emissions may occur from the application of manure to
poorly drained or wet soils, while fugitive emissions may reduce the potential mitigation
benefits of biogas production in some circumstances (Nabuurs et al. 2022). Hence, a careful
assessment of the impact of methane policies on other greenhouse gases is necessary.
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3.5.3.4 Technological barriers and opportunities

Limited access to innovation: access to innovative ways of reducing agricultural methane
emissions, such as the use of perennial legumes or animals that produce less methane, and
the technical assistance required to adopt new practices also represent significant barriers
to implementation, particularly among marginalized communities, such as pastoralists, and
low-income segments of the agricultural population. Addressing this barrier requires tailored
policies and programmes to develop and disseminate innovations, often in partnership with
research institutions, civil society and the private sector.

Uneven data and monitoring, reporting and verification systems: the coverage and
granularity of agricultural methane emission quantification within national methane-
emission inventories are essential to understand from where methane comes, formulate
data-driven policies and measures, and track progress. A review of national greenhouse gas
inventories since the establishment of the GMP (Section 3.2.2) demonstrates a substantial
increase in the number of countries quantifying methane emissions from agriculture overall
and, particularly a shift from the less granular Tier 1 estimations to more specific Tiers 2 and
3?5 estimations in non-Annex | countries since the GMP. Upper tier enteric fermentation and
manure management estimates are, for instance, available in nearly all Annex | countries
and have nearly doubled to 47 per cent of non-Annex | ones. However, FAO analysis, based
on data on methane emissions from national greenhouse gas inventories submitted to

the UNFCCC and other national policy documents, finds that only 11 of the 28 countries
responsible for over 80 per cent of global livestock methane emissions use the more
advanced Tier 2 for national GHG inventories. Additionally, methane emissions from inland
waters, including aquaculture ponds, may be overlooked in global and national inventories
(Malerba et al. 2022; Zhang et al. 2024). Further, the majority of developing countries have
insufficient capacity to address research, requirements and MRV needs, compromising
transparency, accuracy, completeness, consistency and comparability (Nabuurs et al.
2022). Transitions to more granular, Tier-2 based emission estimates and strengthened
institutional arrangements are needed to facilitate effective policy design and tracking of
implementation and progress with robust MRV systems in the agriculture sector, which are
also crucial for accessing carbon markets. In Kenya and Uruguay, with the support of the
CCAC and Livestock Data for Decisions (LD4D), for example, improvements in livestock
data ecosystems and MRV capacities are unlocking access to climate finance, carbon
markets and results-based financing mechanisms. Further, working collaboratively with the
private sector using digital extension tools, such as the CCAC Technology and Economic
Assessment Panel report (CCAC 2024) can help to bridge the data capacity gap.

25 According to the IPCC, a tier represents a level of methodological complexity. Usually, three tiers are provided. Tier 1 is the basic method,
Tier 2 intermediate and Tier 3 the most demanding in terms of complexity and data requirements.https://www.ipcc.ch/site/assets/
uploads/2019/12/19R_V0_01_Overview.pdf
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3.5.4  Leveraging the co-benefits of mitigation action
as drivers of change

Tackling the barriers to agricultural methane mitigation requires leveraging co-benefits

for sustainable development outcomes as drivers of change. The uptake of agricultural
methane-reduction policies is strongest when mitigation objectives are linked to other policy
objectives, such as enhancing agricultural productivity and food security, preventing soil
erosion and land degradation, or reducing pollution and improving air quality and addressing
gender gaps (Nabuurs et al. 2022). Methane policies in China and the United States of
America, for instance, are primarily driven by efforts to reduce pollution from animal waste
and reuse it as an energy source in rural areas (Zhu et al. 2024). As a good example, the
Digital Services for Methane Management Solutions Group under the CCAC aims to ensure
that digital agriculture technologies deliver on their promise of reducing the intensity of
livestock emissions while supporting farmer productivity and food security in low and
middle-income countries. More CCAC projects can be found in Box 3.7. Similarly, addressing
systemic issues which constrain women's participation in agrifood systems, such as unequal
access to land, credit, or extension services can deliver methane mitigation while boosting
productivity and wages.

Box 3.7: The Climate and Clean Air Coalition support for methane abatement in the agriculture sector

Through 26 projects and the investment of USS7 One project in Viet Nam is developing an open-
million, the CCAC provides support to the agricultural  source framework for estimating methane emissions
sector in 26 countries. from rice cultivation using remote sensing products.
Another is training 3,000 farmers in Brazil on the
Current projects cover, amongst others, methane implementation of measures to reduce methane
mitigation tools, practices and technologies, emissions from the livestock sector.
including projects creating an open-source
framework for estimating methane emissions from Previous CCAC work included enhancing ambition in
rice cultivation and implementing measures to the agriculture sector in NDCs for 26 countries and
reduce methane emissions intensity from livestock. the adoption of 280 climate-smart technologies and
Six are aimed at enhancing NDCs to include practices.

mitigation of methane emissions from agriculture.
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3.5.5 Conclusion

Based on the analysis, six actions are recommended to strengthen the mitigation of
methane from agriculture.

First, countries should implement low- and no-cost mitigation options that offer
immediate benefits with minimal financial burden.

Second, the granularity and specificity of methane targets in NDCs should be
improved, including quantified, time-bound objectives and detailed sectoral measures.

Third, while many GMP participating countries express political commitment,

few have translated this into actionable national policies; stronger integration into
regulatory, financial, and voluntary frameworks is needed to leverage co-benefits for,
and avoid trade-offs with, food security, rural development and the conservation of
ecosystems.

Fourth, scaling up targeted incentives and financial support, particularly for
smallholder farmers, is essential to unlock broader adoption.

Fifth, enhancing greenhouse gas inventories and national MRV systems will help
improve transparency and policy accountability.

Sixth, more research is needed on underexplored sources, such as aquaculture,
barriers to livestock mitigation adoption, and the role of demand-side strategies such
as dietary shifts and reduced food waste.

3.6 Conclusion

96

Global momentum to reduce methane emissions has grown significantly, with increasing
integration of methane policies into national climate plans, especially among UNFCCC Non-
Annex | countries, since the launch of the GMP. While progress is encouraging and cost-
effective mitigation opportunities abound, efforts remain uneven across sectors and regions.
Notably, policy innovation is advancing rapidly in oil and gas subsector, but coal lags behind.
Similarly, the waste sector has seen rising attention, though adoption of best practice

is still patchy. The agricultural sector suffers from limited policy coverage and a lack of
quantified targets. Across all major emitting sectors, immediate implementation of targeted
measures — embedded in equitable, system-wide transformation — remains critical. Only a
handful of countries have, however, adopted comprehensive, timebound methane targets
aligned with the 2030 GMP goal, underlining a gap between high-level commitments and
actionable strategies. Moving forward, overcoming barriers to development, enforcement
and implementation of effective policy frameworks, strengthening monitoring systems, and
unlocking appropriate financing mechanisms will be essential to fully realizing the climate
and health benefits of methane mitigation. Bridging these gaps now will determine whether
the global community can harness this near-term opportunity to bend the curve on climate
change and air pollution.
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Observed Emissions and the Role
of Empirical Data

Key messages

»  Technically feasible mitigation options are readily available across sectors, and
their implementation need not wait for perfect data. Measurement-based data are
essential for effectively targeting and thus accelerating mitigation efforts, and for
assessing targeted reductions.

» Asindustries and governments implement ambitious mitigation targets, accurately
tracking changes in emissions over time becomes more central. Assessing
progress towards goals requires transparent and reliable data. Readily available
measurement-based approaches, when deployed frequently and with representative
coverage, can effectively capture changes in emissions resulting from shifts in
practices and operations.

» Recentregional studies with dense, near-source measurements consistently
find underreported methane emissions in the fossil-fuel sector. Verifying and
determining the magnitude of this underreporting across the world is needed
to guide more effective mitigation and track mitigation progress. This requires
additional regional measurements, leveraging new satellite-based measurements,
and augmenting global ground and airborne-based observation systems.
Reconciling any differences in sectoral attribution between regional and global
approaches, including gap analyses, is important to enhance confidence in these
measurements and improving emission inventories.

»  Existing tools can be applied to different sectors to enhance the effectiveness of
mitigation and tracking accuracy. As successful implementation in the fossil-fuel
sector demonstrates, the use of existing direct measurement tools is feasible for
most sources of anthropogenic methane and should be applied more widely.

» Robust testing and validation of emissions quantification methods are important
to ensure the accuracy and credibility of measurement-based data and must be
expanded as a core quality assurance tool.

»  Ensuring that industries and regulators understand where and how to make the
most of these measurement tools is also key, as is making the data useful for
stakeholders and regulators alike.
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4.1

99

Introduction

Measurement-based monitoring technologies are now actively deployed across sectors

to detect, quantify and characterize methane emissions with increasing accuracy. These
technologies collect data at a range of spatial scales: from the smallest point sources, such
as individual pieces of equipment or animals, to entire oil and gas production regions. These
technologies include in situ sensors, satellite-based and other airborne-based monitoring
technologies — drones and aircraft.

Sensors are important for collecting real-time data. Scientific advancements have led to the
development of high-precision sensors that measure methane concentrations to parts per
billion (ppb) using off-the-shelf instrumentation. There are reliable methods to convert such
measurements into emission rates, such as tonnes of methane emitted per hour, and these
data are essential for accelerating mitigation and tracking emission reductions.

Satellites provide an important platform for measurement-based sources of data on
methane emissions. The advent of satellite remote sensing and the availability of airborne-
based monitoring technologies have provided data from previously inaccessible places.
These technologies also allow more frequent monitoring with increasingly automated data-
processing capabilities.

The availability of accurate, measurement-based methane data has had a material impact
on methane mitigation policies, with, for example, some governments and industries shifting
towards measurement-based standards (European Union regulation EU/2024/1787).

As industries, for example, through the OGDC, and governments, for example by way of the
GMP, commit to implementing ambitious mitigation targets, there is an increased need to
accurately track emissions over time. Transparent and reliable data are critical for assessing
progress and ensuring accountability. When deployed consistently with representative
coverage, readily available measurement-based approaches can effectively capture changes
in emissions resulting from shifts in practices and operations as mitigation policies are
implemented.

This chapter discusses the importance of observed emissions in support of effective
methane abatement policies. It looks at available empirical data and analyses the growth of
multiscale data and measurement-based approaches (Section 4.2). It presents examples

of the successful use of empirical data for methane abatement policymaking (Section 4.3),
assesses gaps (Section 4.4), the importance of validating monitoring technologies (Section
4.5), the opportunities for improving national inventories (Section 4.6), and the global budget
knowledge gap (Section 4.7). It concludes with key recommendations to advance methane
abatement through the use of empirical data (Section 4.8).
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4.2 Global outlook of observed emissions and the use of

Table 4.1:

Major anthropogenic source

empirical data

4.2.1 Global atmospheric methane concentrations

Atmospheric methane concentrations have shown a steady increase since 1985, except

for a period of stabilization between 2000 and 2007 (Michel 2024). Despite variations in the
atmospheric sink and uncertainties in contributions from natural sources, there is general
agreement on a global increase in emissions from the three main anthropogenic sectors
between 1985 and 2023: agriculture, including enteric fermentation and rice cultivation; fossil
fuels, from production to distribution; and waste, degradation of solid waste and wastewater
(Jackson et al. 2024). The current best estimate of the methane budget from anthropogenic
sources is shown in Table 4.1.

Best bottom-up estimates of annual sectoral methane emissions, 2020, million tonnes. Current best
estimate of sectoral methane emissions from bottom-up estimates (i.e., inventory-based) for 2020, range
shown represents minimums and maximums from literature values within Saunois et al. (2025). Global top-
down estimates (i.e., measurement-based) are not available at this level of sectoral granularity.

2030 methane emissions

Mt/yr
Livestock and manure 117 [114-124]

32[29-37]
Landfills and Wastewater 71 [60-84]
Coal mining 47 [38-43]
Oiland gas 74 [67-80]
Biomass and biofuel burning 27 [20-41]

Source: Saunois et al. 2025

4.2.2 Growing multi-scale data and measurement-based
approaches

Over the past decade, significant progress has been made in characterizing the magnitude
and location of methane emissions from different sources. This work has developed
effective measurement-based estimation approaches that reduce uncertainty, improve
inventories and guide targeted mitigation. Emission inventories for the oil and gas industry,
for example, have historically relied on generic emission factors that often underestimate
or mischaracterize stochastic unpredictable leaks and dispersed emission sources. Current
detection and quantification methods, such as optical cameras and handheld samplers,
can pinpoint such sources and measure whole facilities or regions using vehicles, drones,
aircraft, satellites or fixed mounts as platforms for sensors.
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While technically feasible mitigation options are readily available across sectors,
measurement-based data are essential for effective targeting, thus accelerating mitigation
efforts, and for assessing whether targeted reductions are occurring. If policy instruments,
such as a performance standard or methane fee per tonne emitted, require emissions
quantification, then accurate emission measurements are key because generic emission
factors are insufficient.

While uncertainties and challenges in the implementation of measurement-based
approaches remain, progress continues with sensor miniaturization and the improvement

in remote sensing technologies. Dedicated studies addressing key uncertainties, including
wind fields and surface variability (Gorrofio et al. 2023; Scheutz et al. 2025) and plume
quantification algorithms (Jacob et al. 2022), aim to drive down uncertainty. Blind controlled-
release experiments are key to demonstrating progress and to validation of methods

(e.g., Chen et al. 2024; Bell et al. 2023; Chen et al. 2024; Sherwin et al. 2024). Ensuring that
measurement capabilities have sufficient precision and accuracy to track mitigation efforts
meaningfully determines whether the existing suite of methodologies is fit for purpose in the
medium to long term.

4.3 Successful implementation of measurement-based

monitoring

4.3.1 The International Methane Emissions Observatory’s
Methane Alert and Response System

Satellites provide an important measurement-based source of data on methane emissions.
While point mappers quantify only the largest emission sources, these data are valuable

for quickly identifying major emitters. This enables stakeholders to prioritize mitigation
efforts and track progress in reducing methane emissions from super-emitting facilities.
UNEP’s IMEO operates the Methane Alert and Response System (MARS)?, the first global
platform integrating data from more than a dozen satellite sensors and providing actionable
information on major methane emission events directly to stakeholders.

The MARS was launched in a pilot phase at the beginning of 2023 and has been fully
operational since January 2024. Since its launch, it has detected more than 10,000 methane
plumes across various sectors and issued in excess of 2,500 notifications of detections

in the oil and gas subsector. To date, 23 countries have designated official focal points to
engage directly with IMEO and partners on response, alongside more than 150 members
of the OGMP 2.0. The response rates for MARS notifications have grown nearly tenfold
since the end of 2024, reflecting growing engagement and action based on satellite data.
In 2024, IMEO highlighted a landmark case in Hassi Messaoud, Algeria, where a long-
standing methane leak, one of the oldest continuously emitting sources ever recorded, was
successfully eliminated. The leak had released an estimated 27,500 tonnes of methane
annually, underscoring the transformative potential of satellite-driven climate action.

26 https://methanedata.unep.org
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27 https://www.tropomi.eu/

4.3.2 Reducing uncertainty in the magnitude and location
of methane emissions from oil and gas production in
Mexico

As part of IMEQ’s methane science studies, multi-scale measurements in Mexico's ail

and gas production regions revealed major discrepancies between measurement-based
estimates and both industry and national inventory reporting (Shen et al. 2021; Zavala-Araiza
etal 2021).

While the vast majority of Mexican oil and gas production takes place from offshore fields,
aircraft and satellite measurements revealed that offshore methane emissions were more
than ten times lower than those reported in Mexico's national greenhouse gas inventory. In
contrast, onshore emissions were over ten times higher than the official inventory estimates.
The findings suggest that offshore-associated gas is transported onshore, where it is often
flared or vented, resulting in significant emissions. This highlights substantial opportunities
for methane capture and utilization.

By integrating two years of satellite data, for example, from TROPOMI?, it was possible

to assess that, in aggregate, total oil and gas methane emissions in the country were

about twice those reported in the national inventory and by the operator. Furthermore, the
measurement-based estimates identified a specific onshore region in the states of Veracruz
and Tabasco in which roughly half the national oil and gas methane emissions were
concentrated, indicating a priority region with significant mitigation potential.

These studies in Mexico illustrate the importance of measurement-based monitoring in
efficiently guiding mitigation strategies. Based on current reporting and inventories, it would
have been easy to assume that offshore platforms, from which most production takes
place, were the major source of emissions. While reducing emissions from those platforms
is still desirable, the main sources of emissions occur in the onshore production regions.
These studies also demonstrate how integrating satellite data over time can provide useful
information to improve inventories and track progress on mitigation.

4.3.3 How monitoring has improved emission estimation at the
Hail Creek open-cut coal mine, Queensland, Australia

The IMEO coordinated research, in collaboration with the University of Bremen and Airborne
Research Australia, in 2022 and 2023 to investigate methane emission rates from the Hail
Creek open-cut coal mine located in the Bowen Basin, Queensland, Australia (Borchardt et al.
2025).

The study found that emissions measured during May—June 2022 and September 2023
were substantially higher than those reported by the operator for 2023 — those were

based on state-wide emission factors under Australia’s National Greenhouse and Energy
Reporting (NGER) Scheme. In April 2025, the Hail Creek operator submitted an updated,
higher emissions estimate for 2024 under Australia’'s Safeguard Mechanism reporting
framework, which qualitatively aligns with the elevated emissions indicated by the aircraft
measurements. Nonetheless, the aircraft-based estimates remain, on average, approximately
twice as high as those reported using bottom-up NGER methodologies, highlighting the need
for further efforts to reconcile emission factor and measurement-based approaches.
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In 2023, the Australian government announced a review of current NGER methodologies
used to estimate methane emissions from open-cut coal mines — a decision partly driven by
growing measurement-based evidence suggesting that existing reporting methods may not
fully capture all methane emissions from these operations (Palmer et al. 2021; Sadavarte et
al. 2027). This action reflects a broader effort to ensure the quality of Australia’s methane
emissions reporting and maintenance of its status as a country with effective state-of—the-
art reporting of emissions from the coal sector.

4.3.4 Characterizing high-emitting landfills with remote
sensing data

In 2023, Carbon Mapper presented pilot case studies from their airborne methane

surveys, conducted between 2016 and 2022, to demonstrate how plume detection data at
several California landfills were used first notify landfill operators and then to assist with
on-the-ground repairs (Cusworth et al. 2024). Subsequent campaigns at these same facilities
confirmed a reduction in emissions and/or absence of detections. The same capabilities are
now available using some satellites with the goal of detecting, notifying, fixing and verifying
for the largest emission sources, though this is more complex for landfills and agricultural
emission sources than for oil and gas production. By combining finer spatial resolution

and higher observation frequency, satellites should be able to better assist in locating and
remediating landfill emissions where clear plumes can be identified.

4.4 Measurement gaps and monitoring needs

441 Oilandgas

Measurement-based estimates of oil and gas emissions are significantly higher than those
from emission factor-based approaches (Schwietzke et al. 2016; Saunois et al. 2020; UNEP
2024). Expanding measurement-based monitoring at the regional and facility scales is
essential to resolving this.

A substantial body of research covers atmospheric measurements from North American
production areas (Alvarez et al. 2018). Elsewhere, studies remain limited, and many major
production regions lack comparable coverage, making satellites an important data source.

Advanced satellite-based instruments detect and quantify high-emitting point and dispersed
sources, with measurements possible every few days (Jacob et al. 2022). Satellite data
from, for example, TROPOMI, MethaneSAT?® and GOSAT-GW?°, can estimate total oil and

gas emissions over large areas, characterize spatial patterns and benchmark performance
between regions (Shen et al. 2022; Chen et al. 2023; Lu et al. 2023; Naus et al. 2023). Satellite
data from, for example, IMEO’s MARS, GHGSat®*® and Carbon Mapper®!, can also identify
emissions from individual high-emitters (Irakulis-Loitxate et al. 2022; Lauvaux et al. 2022;
Schuit et al. 2023; Guanter et al. 2024).

28
29
30

31
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https://www.methanesat.org/
https://www.satnavijaxa.jp/files/project/gosat-gw/en/

https://www.ghgsat.com/en/?utm_id=Pmax&utm_term=&utm_campaign=GHGSAT-Pmax&utm_source=google&utm_
medium=cpc&utm_content=ad_group_1&hsa_acc=9115351264&hsa_cam=22153456687&hsa_grp=&hsa_
ad=&hsa_src=x&hsa_tgt=&hsa_kw=&hsa_mt=&hsa_net=adwords&hsa_ver=3&gad_source=1&gad_
campaignid=222436546808&gclid=Cj0KCQjwqgDFBhDhARISAIHTIkuBI9YYxZfsbk6xjS2N6DUQIqf7G3HNMY8tFBATWd6_
U9PgNV9cdvlaAilZEALw_wcB

https://carbonmapper.org/
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To enable effective mitigation, however, all sources, large and small, require characterization
and quantification. A recent study indicated that smaller emissions below the reliable
detection limits of many satellite-based measurements could account for a large proportion
of total emissions (Williams et al. 2025). As such, integrating multi-scale data is critical to
quantify, track and reduce overall emissions. Recent success has been seen in Canada using
a hybrid bottom-up, top-down emissions inventory approach that integrates measurements
with inventories (Chan et al. 2024).

Emissions from abandoned oil and gas infrastructure are highly uncertain with estimates
varying from 6—49 per cent of oil and gas production methane emissions in the United
States of America and there is complete lack of empirical emission data beyond a few
western countries (Williams et al. 2021; Riddick et al. 2024).

Monitoring and analysis need to be available and transparent to ensure measurement
insights are up-to-date and can be acted on. Cost effectiveness and scalability are key to
drive the uptake of improved methods by industry, regulators, and other groups. Ensuring
measurement methods enable attribution at the scale needed for mitigation is crucial

and the validation of quantification accuracy is important for trusted outputs. Data are
increasingly available through online platforms within weeks of collection®, allowing open
access to measurement insights for regulators and other stakeholders. Empirical data are
also becoming an increasingly important feature of industry reporting on commitments,
as evidenced through the growth of initiatives such as OGMP 2.0. As mitigation policies
advance, capturing changes in emissions over time will remain a top priority.

4.4.2 Coal

On the global scale, estimates of methane emissions using atmospheric inversions for

the coal subsector are lower than corresponding inventory data (Tibrewal et al. 2024) in
contrast to other sectors that potentially over rather than under report. In the United States
of America, ongoing airborne research is considering the effectiveness of inventory-based
calculations to accurately estimate emissions. While there is broad consistency between
different inventories, this is likely due to a limited range of emission factors and associated
assumptions being applied to the same production data. Further research is needed to better
align global atmospheric inversions and global emission inventories.

Compared to the oil and gas, there is a paucity of atmospheric quantifications at the facility
scale for the coal subsector. Fine-scale data are needed to better understand emission
dynamics from coal mines, both underground and on the surface. A clearer understanding
of the magnitude and temporal variability of CMM emissions can be obtained through
ground and airborne approaches (Forster et al. 2025). The IMEO has funded measurement
campaigns in Poland’s Upper Silesia Coal Basin to determine the effectiveness of in-mine,
ground and airborne (drone, helicopter, airplane) measurement platforms to asses emissions
from coal-mine ventilation shafts, the primary source of methane from the coal subsector
(Necki et al. 2025).

32 E.g,IMEQ’s Eye on methane: https://methanedata.unep.org/, Carbon Mapper: https://carbonmapper.org/data, and MethaneSAT: https://www.
methanesat.org/data
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A recent study comparing in-mine data with simultaneous quantification, using the PRISMA
satellite platform®, found good comparability between in-mine and satellite measurements
and illustrated the influence of mitigation efforts at the mine studied in the United States of
America (Karacan et al. 2025). More validation studies are, however, required to understand
the ability of different satellite-based approaches. Satellite quantifications have the potential
to improve emission estimates, but controlled release studies and more comparative analysis
with high quality and time resolved in-mine data are needed. At present comparative analysis,
as opposed to annual emission inventory data, is highly uncertain given the unknown
temporal variability of emissions from the coal sector.

For underground mining, one-off atmospheric estimates may not be representative of
annual emission rates. By contrast, when atmospheric-based approaches are directly time
synchronized and compared with in-mine data within ventilation shafts, there can be good
agreement (Forster et al. 2025). For ventilation shafts, well positioned and high-frequency
in-mine measurements are a sound basis for greenhouse gas reporting. Emission estimates
for underground coal mines should, however, also include drainage stations. There are few
atmospheric-based estimates of emissions from drainage stations but measurements in
Poland indicate these are far higher than expected from inventories and of comparable
magnitude to those from ventilation shafts (Forster et al. 2025).

For surface mining, the problem of a mixture of diffuse and point sources of methane is
analogous to landfills. There is a lack of information on what proportion of emissions comes
from different contributing sources considered diffuse rather than point sources. To capture
open-pit coal mine emissions, downwind aircraft mass balance is a well-established method
(Borchardt et al. 2025), but it is only a snapshot and may miss temporal variability. Downwind
ground-based tall towers and in-mine sensor arrays may have potential but have not yet been
applied for surface mining. Analysis of TROPOMI satellite data has been applied to surface
mines, but due to TROPOMI's large pixel (5.5 x 7 km) it can often not separate emissions
from different coal mines (Sadavarte et al. 2021). The reported mismatch between surface-
mining inventory data and atmospheric-based estimates in Australia shows the need for
measurement-based reconciliation (Sadavarte et al. 2021; Borchardt et al. 2025).

4.4.3 Waste

Methane emissions from landfills occur as a result of anaerobic decomposition within the
waste mass. These emissions are released at or near ground level, are moisture-saturated
with approximately 50 per cent CO,, and escape either diffusely across the surface or
through localized leaks, such as soil cracks or leachate systems. Additionally, landfill
methane plumes are influenced by surface features, atmospheric and meteorological
conditions, seasonality, and operational practices, leading to complex and variable emission
patterns. These distinctions underscore the need for landfill-specific monitoring as methods
used for oil and gas are directly transferable.

Detecting, locating and quantifying waste-sector emissions, particularly from landfills,
presents unique challenges compared to the oil and gas subsector. These emissions are
dispersed over large areas, released near ground level, and moisture saturated, complicating
their localization and quantification. The industry gold standard for whole site measurement
for landfill emissions quantification is the tracer correlation method (Mg@nster et al. 2019), but
this should be augmented with walk-over or drone surveys to identify and target hotspots.

33  https://www.asi.it/en/earth-science/prisma/
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Even once identified, remediation relies heavily on the installation of infrastructure, such as
gas wells, extraction systems and effective cover technologies, though there is increasing
promise of biological capture systems. Many regions, particularly in developing countries,
lack access to these capital-intensive systems, resulting in persistent large-scale methane
emissions from landfills. It has, however, been demonstrated in the United States of America
that the main sources of emissions are from the active landfill face and especially those
with gas capture systems (Scarpelli et al. 2024) - indicating that ineffective gas capture

at such sites is a potential target for systemic mitigation. The implementation of such
solutions needs to be combined with frequent monitoring, leak detection and repair. Thus,
long-term solutions lie in waste management practices, shifting to regarding organic waste
as a resource. Methane generation from organic waste should be restricted to biogas plants
designed for the purpose of producing gas, or composting plants, which implies upstream
waste segregation.

444  Agriculture

Quantifying emissions from the agricultural sector is challenging. There are often numerous
and overlapping sources — sources, such as cattle or manure, not in fixed positions and
producing varying quantities. Quantifying emissions from a mixture of point sources located
together can present methodological difficulties.

Methodologies for making representative in situ farm scale measurements are in early
adoption, borrowing from landfills or oil and gas applications. A variety of techniques using
dual-tracers, drones (Vinkovi¢ et al. 2022), vehicle-mounted instruments, light aircraft or
combinations thereof have shown success (Moyes et al. 2025), and tracer correlation
methods (Section 4.4.3) have been utilized effectively in Denmark, resulting in measured
emissions 35 per cent greater than inventory values (Vechi, Mellgvist and Scheutz 2022).
Isotopic and co-tracer, such as ethane, techniques can distinguish co-located emissions
from, for example, ruminants and gas leaks (Menoud et al. 2022).

Rice paddies supply half the global population with staple food, but also account for
approximately half of greenhouse gas emissions from croplands (Qian et al. 2023), with
significant opportunities for mitigation (Zhou et al. 2024). Estimates of emissions from rice
paddies rely on either small-scale chamber measurements (~1 m?) with upscaling or tower-
based eddy covariance measurements that cover a larger area (~1 km?). The use of eddy
covariance for rice fields gives better spatial coverage, does not interfere with gas exchange
and permits continuous data collection, allowing longitudinal studies across seasons
(Alberto et al. 2014). Advances in modelling improve quantification and guide mitigation
efforts (Guo et al. 2023). Emissions from very large rice fields on a basin scale have been
estimated using satellite measurements (Liang et al. 2024) and additional work is needed to
validate these approaches and ensure full characterization.

UNEP | Global Methane Status Report



4.5 The role of validation of monitoring technologies

The robust testing and validation of methodologies being used to report emissions
quantification is critical as the primary tool for quality assurance. Methodologies need to be
robust to meet future policy requirements for measurement-based emission quantification.
There are two main focuses of method validation: (1) the ability to detect and localize
methane emissions — especially important for oil and gas facilities with many potential
sources, enabling rapid mitigation; and (2) the ability to quantify emissions accurately so that
emissions can be reported, tracked and used to evaluate mitigation efforts over time.

The evaluation centres at the Methane Emissions Technology Evaluation Centre (METEC)
and Stanford University have tested methods from ground-based sensors to satellites
(Ravikumar et al. 2019; Bell et al. 2023; El Abbadi et al. 2024; llonze et al. 2024; Sherwin et al.
2024), with improvements observed across methodologies (Zimmerle et al. 2025).

The advancement of validation through the development of more complex systems, such
as the landfill simulator SIMFLEX®% conducting experiments in varied environments, such
as offshore and complex terrain; and challenge experiments involving controlled releases
at operational sites, are important steps in understanding true performance across
methodologies. Further details are available in the Technical Annex.

4.6 Opportunities for improvement of national inventories

Although there are growing efforts to integrate large-scale measurements in inventories,

as in Switzerland and the United Kingdom of Great Britain and Northern Ireland, direct,
individual source-level measurements have been the easiest to integrate into national
inventories, which are primarily based on bottom-up approaches. Even these measurements,
however, can be challenging because of the lack of activity data at the corresponding
source/component level or a mismatch between levels, such as wellhead and surface-casing
vent emissions (Bowman et al. 2023)). There is also the alternative approach of directly
creating a hybrid inventory by combining measurements with bottom-up estimates (Johnson
etal 2023).

Nevertheless, with close collaboration between national inventory compilers in measurement
design, there are many opportunities to maximize the impact measurements can have on
national inventories, especially by helping countries develop locally-specific emission factors
where possible.

Global repeated observations of atmospheric methane with the TROPOMI satellite
instrument at 5.5 x 7 km? pixel resolution (Lorente et al. 2023) combined with higher
resolution aircraft or in situ data offer powerful information to evaluate and improve national
emission inventories using inverse methods (Lunt et al. 2021; Nesser et al. 2024; Hancock
et al. 2025). An implementation of this approach is the open-access cloud-based Integrated
Methane Inversion (IMI) available through Integral Earth® (Estrada et al. 2025), designed

34 https://fluxlab.ca/simflex/https:/fluxlab.ca/simflex/
35 https://integralearth.github.io/https://integralearth.github.io/
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to provide a stakeholder-friendly analytical inversion tool for exploiting TROPOMI and other
satellite data. The IMI has been applied extensively to optimize emissions on national scales
and evaluate the bottom-up inventories reported by individual countries to the UNFCCC
(Chen et al. 2023; Nesser et al. 2024; Hancock et al. 2025).

A new generation of area-mapping satellites, such as, Sentinel-5%, GOSAT-GW?%, CO,M?* and
MethaneSAT??, will further contribute to the improvement of inventories in the near future.

4.7 Global budget knowledge gaps

36
37
38
39
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The extent of natural source emissions remains highly uncertain, predominantly from
wetlands and inland waters, with estimates of 130-280 Mt of methane per year in 2019—
2020 from bottom-up approaches (Bloom et al. 2024), and constrained by inverse modelling
approaches to 190-240 Mt of methane per year (Qu et al. 2021; Yu et al. 2023; Saunois

et al. 2025). As many of the indicators of recent increases in methane emissions suggest

a climatic feedback effect of increased tropical wetland methane emissions (Nisbet et

al. 2023), it is critical to better understand the climate-driven impacts on natural methane
emissions.

The role of variability of methane sinks in the budget, mainly the hydroxyl radical, and
hydroxide (OH), as well as soil uptake and atmospheric chlorine, is not fully constrained.
There is significant debate over the variability of atmospheric radical concentrations and
their impact on methane lifetimes (Zhao et al. 2020; Thompson et al. 2024) .

There is overwhelming evidence of underestimation of methane emissions in inventories
from the fossil-fuel sector, mainly from the oil and gas industry. In the oil and gas upstream/
production subsector, measurement campaigns in numerous basins around the world,
including in the United States of America (Alvarez et al. 2018; Lu et al. 2022), Canada (Chan
et al. 2020), Mexico (Zavala-Araiza et al. 2021), the southern North Sea (Puhl et al. 2024),
Romania (Stavropoulou et al. 2023), and Algeria (Naus et al. 2023), suggest that methane
emissions exceed national inventory estimates. These measurement campaigns used
ground-based, aerial and satellite platforms. Cases in which independent empirical data
confirm national inventories are rare for oil and gas production (Foulds et al. 2022).

In the coal subsector, empirical data are limited, with available examples showing mixed
patterns: confirmation of emission estimates using in-mine data for underground mines

in Poland (Fiehn et al. 2020), but significant underreporting in an Australian surface

mine (Borchardt et al. 2025). The potential for under or over reporting of emissions from
underground mining is an on-going research consideration. Further research is also
assessing the applicability of the findings of Borchardt et al. (2025) to other surface mines.

Overall, this widespread empirical evidence of underreported methane emissions at a
regional scale, from studies with a high density of data, i.e., a high sampling rate near
sources for ground-based and airborne measurements in regions where differentiating
between fossil and non-fossil sources is not an issue, is inconsistent with global-scale

https://sentinels.copernicus.eu/missions/sentinel-5
https://www.satnavi.jaxa.jp/files/project/gosat-gw/en/
https://www.eumetsat.int/co2m

https://www.methanesat.org/
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atmospheric inverse modelling, which largely confirms or reduces inventories (Saunois et

al. 2025). A possible explanation is that current global observation systems are spatially
under-constrained for attributing several natural and anthropogenic sources. Further work is
needed to reconcile global and regional results, starting with integration of both approaches,
including a gap analysis comparing global inversion results, disaggregated at a continental
or regional scale, with regional estimates from measurement campaigns and the growing
availability of satellite-based, country-level methane quantification.

4.8 Conclusion and recommendations

Monitoring and assessing emissions through measurements combined with high-resolution
bottom-up inventory data are now feasible and worthwhile for most anthropogenic methane
sources. Ensuring that industries and regulators understand where and how to use
measurement tools is key, as is making the data useful for stakeholders and regulators alike.
The oil and gas industry has the most developed reporting pathways through OGMP 2.0, and
other sectors should learn from their experiences, applying available technologies to assist in
both methane mitigation and emissions tracking, while developing sector-specific reporting
pathways combining measurement systems with refined emission factors for constant
sources and better accounting for variable sources.

Data integration is essential for accelerating methane mitigation efforts, particularly in, but
not limited to, the oil and gas sector. Even though cost-effective mitigation opportunities
exist, they require accurate understanding and tracking. Despite a dramatic increase in
available data from such sources as satellites, ground and airborne-based monitoring, and
industry and regulatory reports, widespread data fragmentation remains a critical hurdle.
This fragmentation exists across different scales, source, site and regional; technologies,
in situ and remote sensing; and reporting frameworks, such as OGMP2.0 or government
programmes leading to inconsistencies, masking variations in data quality and scope,
creating apparent conflicts and providing a skewed view of the full range of emitters,
particularly by overlooking numerous smaller emitters that may make up a large share of
total emissions (Williams et al. 2025).

This fragmented approach obscures the true picture of emissions, potentially leading to
misinformed strategies, false confidence and partial mitigation strategies that focus only

on super-emitters, while ignoring most total emissions. Integrated methane data is key to
identifying from where the emissions are released, how much is being emitted, and how
those emissions are changing over time. This enables policymakers and industry leaders

to target interventions, monitor progress, and drive accountability. To facilitate this, norms
and guardrails for data integration are needed, ensuring that data contributors and data
aggregators follow clear structures and quality assurance requirements so data can support
future methane mitigation efforts.

Bringing together and integrating methane emissions data from diverse sources — satellites,
ground and airborne-based monitoring, inventories and industry-based reporting — is
essential to identify from where the emissions are released, how much is being emitted and
how those emissions are changing over time. It is also important for aggregating data along
value chains to derive product related emission-performance data, such as required under
European Union Methane Regulation*. As industries and countries raise their ambitions

to reduce methane emissions and implement mitigation strategies, providing reliable and
transparent data to answer these questions becomes increasingly critical.

40 https://energy.ec.europa.eu/topics/carbon-management-and-fossil-fuels/methane-emissions_en
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Financing Methane Abatement

Key messages

Methane finance has increased in recent years. Data limitations complicate precise,
comprehensive tracking of global investment in methane mitigation, but CPI
analysis found that tracked methane finance increased by 18 per cent to USS13.7
billion per year on average in 2021 and 2020.

Tracked methane finance falls substantially short of estimated 2030 costs to
implement technical abatement measures and achieve emissions reductions in line
with the GMP. The scale of resources needed is not, however, out of reach. Annual
costs to implement the MTFR scenario are estimated at US$127 billion per year in
2030.

Resource needs are varied and closing the methane finance investment gap will
require action from a wide range of sources.

Inability to access sufficient or affordable capital is not always the primary barrier
to greater action on methane. Other factors, including inadequate policy incentives,
data, institutional capacity or viable projects often must be addressed in parallel.

Developing economies may require public sector or philanthropic support to
undertake the necessary technical assistance, capacity building and project
preparation. This kind of upfront investment can be highly catalytic — with a
supportive policy environment, many mitigation measures can prove cost effective,
be private sector led, and secure commercial or private sector development finance.

Development finance institutions are a critical but still limited source of methane
finance, at around USS3 billion per year in 2021-2022, compared to their roughly
USS$2.5 trillion in collective annual investment. Methane abatement advances
other core development priorities, including increased productivity and resilience
and improved health outcomes, and as such, these investments align well with
development bank missions.

Private sector actors, including corporations and financial institutions and investors,
are also emerging as critical sources of methane finance. They, too, have critical
roles to play in helping scale methane finance, including investing in methane
mitigation in their own operations and supply chains and considering methane in
their procurement and carbon credit purchasing strategies.
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5.1 Existing investment in methane mitigation

The GMP has clearly helped underscore the urgent need to scale investment in methane
mitigation. There has been important progress since its launch and, while nowhere near
sufficient, successful early cases, discussed in greater detail in Section 5.3, have the potential
to demonstrate replicable and scalable models and incentivize greater action, particularly

as they reinforce the many economic, social and health benefits associated with these
investments.

There is no comprehensive, real-time source of data tracking investment in methane
mitigation across sectors and sources. Broadly accepted reporting standards for public and
private climate finance are lacking, and the reporting processes that do exist do not include
dedicated methane mitigation markers. As a result, there are substantial gaps in available
data, and identifying methane-related finance flows in the data that does exist is complex.
The CPI has, however, established a valuable baseline through the use of data science and
key-word search methods to track and analyse methane finance, which it defines as primary,
project-level investment in targeted and additional measures that contribute to reducing
methane emissions (Rosane 2022). That analysis shows that tracked methane finance was
US$13.7 billion per year on average in 2021 and 2022, representing an 18 per cent increase
over 2019 and 2020, when average annual finance stood at USS$11.6 billion (de Aragao 2023).

5.1.1 Investment by sector

Analysis by the CPI found that data is particularly limited for domestic and overseas
investment by private sector actors in the energy sector, hindering accurate assessment of
progress in the sector using tracked financial flows. It identified only US$10.6 million per year
on average invested in 2021 and 2022 (de Aragao 2023). In the agricultural sector, USS7.5
billion per year was invested over the same period. Of that total, US$2.9 billion per year was
invested in the livestock subsector, marking a significant increase over the previous two-year
period, when average annual investment stood at USS1.6 billion. Most livestock investment
supported manure-to-energy and manure-management projects. Projects promoting animal
health and productivity received far less support in 2021 and 2022, USS0.41 billion per year,
but were the most common type of livestock investment in 2019 and 2020, receiving USS1.3
billion per year. Enteric fermentation accounted for investments of just USS20 million per
yearin 2021 and 2022. Additionally, rice paddy abatement solutions received just USS10
million per year in the same period, primarily to support small-scale pilot projects (de Aragao
2023).

The waste sector received the second largest volume with USS$4.1 billion per year in
investment in 2021 and 2022. Most investment in the waste sector, 94 per cent, however,
supported projects involving waste incineration, with three-quarters of that investment
coming from the private sector. A much smaller amount, USS$S223 million, was invested

by MDBs and governments in targeted waste management solutions, such as landfill-gas
capture and food-waste anaerobic digestion, and just USS22 million was invested in organic-
waste management projects. Wastewater projects in the same period attracted USS2 billion
in annual investment, nearly all of which, USS$1.9 billion, supported improved wastewater
management practices. Nearly three-quarters of that investment came from bilateral and
multilateral development finance institutions (DFls) in the form of concessional and non-
concessional debt. Advanced wastewater treatment facilities and wastewater-to-energy
projects attracted just USS900 million in 2021 and 2022 (de Aragao 2023).
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5.1.2 Investment by source

Private sector financial institutions and investors, corporations, development finance
institutions, governments, state-owned enterprises and philanthropy are all emerging as
important sources of methane finance, with variability across sectors and intervention types
in the key sources of finance. In the CPI's analysis, private sector sources contributed around
60 per cent of tracked methane finance in 2079 and 2020 and 70 per cent in 2027 and 2022,
with most private sector finance coming from commercial banks and corporations. Finance
from corporations and commercial banks was concentrated in the agricultural sector in, for
example, residue and biomass burning and livestock, particularly in East Asia, North America
and Western Europe.

Public sector sources contributed a smaller share of all tracked methane finance, but data
on public sector funding deployed domestically are a significant gap. The largest sectoral
recipient of public finance was waste, mainly in wastewater management and solid waste to
energy. Additionally, nearly 70 per cent of tracked public finance in 2019-2020 and 2021-
2022 came from DFls, including multilateral, bilateral, and national development banks, with
MDBs delivering the largest share. Although public development banks contributed most of
the tracked public finance, their contributions of between US$2.7-3 billion in each year from
2019-2022 remain limited relative to their total financing capacity, estimated at roughly
USS2.5 trillion per year (Finance in Common 2025). State-owned enterprises and state-
backed financial institutions are also important sources of public investment, contributing
23-25 per cent of public finance in those years (CPI 2023).

In addition to the CPI's analysis on sources of finance, there is also evidence that
philanthropic funders are placing increased emphasis on methane. Specifically, of all
philanthropic funding for climate mitigation, efforts to reduce super pollutants, particularly
methane, saw the fastest growth of any sector from 2019 to 2023 (Esmaeili 2025). Growing
philanthropic support for methane mitigation is critical, since philanthropy can offer uniquely
flexible, highly concessional resources for high-impact activities.
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5.2 Methane mitigation investment needs

The IIASA's GAINS model offers unit abatement cost data, annualized over the equipment
lifetime, broken down by upfront investment and operations and maintenance (O&M) costs,
and accounting for estimated electricity and gas savings. According to GAINS estimates,
2030 annual costs to implement NDCs and MAPs measures are around USS$29 billion per
year. As discussed in Chapter 2, that level of action, however, falls far short of the GMP

goal. Costs in 2030 to implement the MTFR scenario, excluding measures with average
abatement cost exceeding USS15,000 per tonne of methane, are estimated at USS127 billion
per year (Table 5.1).

Table 5.1:

Tracked methane finance and 2030 cost and energy savings estimates, billion United States dollars.
Numbers rounded to two significant digits.

Annual Annual
average LIDVEL GO investment Annual GAIITE.
- 2030 Annual cost electricity or
billion US$ tracked (NDCs 2030 (MTFR cost O&M cost T eI
per year methane . 2030 2030 (MTFR
and MAPs scenario) . 2030 (MTFR
finance . (MTFR scenario) .
(202122022) Skl scenario) S
Total 14 29 127 122 107 96
Energy 0.11 12 98 96 47 -40
Agriculture 7.6 17 38 13 54 -29
Waste 6.1 0 9 13 5 27

Source: Tracked methane finance, CPI; IASA-GAINS 2025

While undoubtedly significant, the estimated annual cost to fully implement these technical

measures and achieve emissions reductions consistent with the GMP goal represents just 6
per cent of global climate finance flows in 2023. Additionally, for 2022-2023, global climate
finance increased by US$252 billion, nearly double the estimated annual costs to implement
the maximum feasible reduction (Naran 2025).

Energy sector measures have the highest annual costs in 2030, at nearly USS98 billion,

and the required investments are capital intensive, requiring about USS96 billion per year in
upfront investment. Of these totals, coal sector measures entail USS11 billion in annual costs
and an upfront investment of USS3 billion per year. Upstream oil and gas interventions have
estimated annual costs of USS$6.6 billion and capital costs of USS6.5 billion per year, while
midstream and downstream measures have annual costs of USS80 billion and upstream
capital costs of USS87 billion. Relative to MTFR 2030 mitigation potential, upstream oil and
gas measures are extremely cost-effective at USS0.12 billion per million tonnes of methane
emissions reduced. The IEA provides alternative, lower estimates suggesting that around
USS$43 billion in total annual spending and around USS35 billion in new capital expenditure

is needed annually for 2025-2030 to reduce energy sector methane emissions by 75 per
cent (IEA 2025). Primary responsibility for investing in methane mitigation lies with fossil-
fuel companies, and the varying estimates of annual costs represent just 2—4 per cent of the
sector's USS2 .4 trillion in net income in 2023 (IEA 2024).
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According to GAINS, agricultural sector measures have the second largest annual costs at
USS$38.3 hillion/year in 2030. Operations and maintenance costs contribute substantially
to total costs in the sector. Alternative analysis from the United States Environmental
Protection Agency (USEPA) estimates comparable costs but with higher mitigation
potential (UNEP and CCAC 2021). According to GAINS estimates, implementing MTFR
potential requires in the order of a five-fold increase in investment in the sector compared
to tracked 2021-22 levels. Even so, 2030 annual cost estimates pale in comparison to the
often inefficient and harmful explicit subsides in the sector, which available data suggests
are at least USS635 billion per year but likely in excess of USS1 trillion (Damania et al.
2023). Repurposing even a small fraction of these resources could go a long way towards
addressing investment needs.

Accounting for potential gas savings, estimated annual costs to implement measures in the
waste sector are net negative, while estimated upfront investment costs are US$13 billion
per year and O&M costs are USS5 billion per year. It is important to note that other available
analyses estimate higher abatement costs for comparable mitigation potential in the sector.
Cost estimates from the USEPA, for example, are positive when considering the full range
of mitigation measures in the sector and only net negative when limited to the lowest-cost
interventions (UNEP and CCAC 2021). Recognizing uncertainty in aggregate investment
needs, investment in the sector will have to scale and shift towards critical measures,

such as landfill gas capture and advanced wastewater treatment facilities. Over half of
tracked finance in these sectors in 20271 and 2022 came from private sector sources, but
private investment was concentrated in waste-to-energy projects. The nature of the related
infrastructure and service provision as a public good means that governments, especially
municipal governments, have a critical role to play in scaling up investment in these sectors.

5.3 Addressing priority investment gaps
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Methane abatement projects face many challenges in securing financing, including lack of
awareness of investment opportunities, viable projects, policy incentives, high perceived
risks, reluctance on the part of some financial institutions to finance oil and gas or coal
projects, or investors requiring larger transaction sizes (CPI 2023). It is therefore critical

to identify the specific barriers at play accurately and strategically deploy limited public
resources where they are most needed. This section considers the varying types of support
needed and uses real-world examples to draw lessons on how to address potential barriers
to investment and scale methane finance. Going forward, additional data identifying and
disaggregating investment needs is required to support strategic planning and resource
allocation.

5.3.1 Investing in enabling conditions

For any intervention, even the most cost effective, policy and regulatory gaps, capacity
constraints and the lack of a pipeline of investable projects can hinder investment

and require public sector technical and financial support. Support for the investment
enabling environment — such as filling data gaps, designing and implementing training
programmes and other extension services, analysing policy options or supporting sectoral
planning — often requires budgetary resources or grant-based donor finance, including
from bilateral development agencies, philanthropy or dedicated climate funds. Canada’s
2021-2026 climate finance commitment, for example, provided grant funding to support
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landfill measurement techniques in Ecuador, implement waste management clinics for
municipalities in India, analyse policy options for the oil-and-gas sector in Nigeria, and
support biogas capacity building in Cote d'Ivoire.

This type of dedicated, country-specific support can be highly catalytic but challenging to
scale. Certain gaps, however, are widespread and could be most efficiently tackled at a
global level with sufficient donor support. In particular, the lack of data is systemic across
much of the developing world, directly impacting policy planning, project development and
service delivery. While a comprehensive emissions inventory and a fully functioning MRV
system are not always required for all prescriptive abatement measures, a coherent effort to
invest in high-quality, open-access data resources could accelerate action and enable use of
a wider array of financial instruments. Similarly, coordinated efforts to develop high-quality
sectoral reporting frameworks and standards, such as OGMP 2.0, can also support the
investment enabling environment.

5.3.2  Supporting project preparation

Similarly, project development activities, including stakeholder engagement, technical and
economic feasibility assessments, and the design of financing mechanisms and contract
terms, can prove challenging without public backing, given the high risk during early project
stages. Donor governments can support project preparation by DFIs. With a small amount
of donor funding, the World Bank’s CH4D is, for example, incorporating methane mitigation
measures into a portfolio of World Bank projects across 15 countries.

Additionally, some multilateral climate and environment funds have dedicated project
preparation resources. In 2022, for instance, the Green Climate Fund (GCF), International
Fund for Agricultural Development (IFAD), the FAO and the Global Dairy Platform jointly
provided USS3.5 million to support the development of a regional programme to reduce
dairy sector methane emissions in East Africa. The funds establish emissions baselines,
assess market and policy conditions, analyse emissions reduction pathways, design social
and environmental management frameworks, and conduct various other assessments,

all necessary for programme design (Green Climate Fund 2022). That support enabled

the development of the US$358 million Dairy Interventions for Mitigation and Adaptation
(DalMA) project, which the GCF board recently approved (GCF 2025).

The Inter-American Development Bank (IADB), with support from the Global Methane Hub,
ran a competitive call for proposals to allocate funding of up to US$200,000 per proposal

to support the studies required in the development of high-quality waste methane projects.
The IADB selected 14 proposals, including projects to reduce food loss and waste, organic
waste recovery projects, and initiatives for emissions monitoring. The IADB received 230
proposals from 20 countries seeking more than USS$35 million, highlighting the huge demand
for resources for these upfront costs (IADB 2025).

5.3.3 Incentivizing cost-effective projects

Some methane mitigation measures have the potential to improve the resilience and
profitability of the underlying economic activity. These measures are consistent with
economic objectives and can prove cost effective without the need for subsidized finance.
In such cases, dedicating the necessary resources to address policy or capacity gaps and
support project development activities has the potential to leverage much larger-scale
investment, including private investment and non-concessional development finance.
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Other interventions may reduce emissions and deliver valuable environmental or social co-
benefits, without creating a direct economic incentive for adoption. In these cases, policy
interventions, in form of regulatory mandates or market-based mechanisms, are likely to be
needed for progress at-scale. Alternative wetting and drying (AWD) in rice cultivation, rather
than continuously flooding fields, for instance, can substantially cut emissions and water
use without reducing yield. In many cases, however, if individual farmers do not pay for water
inputs by volume and do not earn a premium for low-carbon rice, they will have no incentive
to change practices.

In a recent project, the World Bank used its Program-for-Results financing instrument to
support comprehensive agricultural water pricing reform, alongside carbon trading pilots at
the county level, to address the mismatch of incentives and promote adoption of AWD. The
programme paired the policy intervention with training and extension services to support
farmers to apply new techniques (World Bank 2023). Large corporates in the food sector can
also adopt procurement strategies to incentivize emissions reductions in their supply chains
by committing to purchase low-methane products.

5.3.4 Unlocking capital-intensive projects

Some measures, such as addressing venting and flaring of associated gas, refurbishing
existing gas pipelines or upgrading gas distribution networks, involve high upfront costs. In
such cases, even for investments with the potential to produce attractive returns, funding
constraints, competing demands for resources, inability to access affordable or sufficiently
long-term capital, misaligned incentives or lack of awareness may still deter investment,
especially for resource-constrained companies.

In some cases, getting these projects off the ground requires external support. The World
Bank’s Global Flaring and Methane Reduction Partnership, for example, is demonstrating the
importance of working with industry clients to develop internal capacity and build portfolios
of investable projects. Development finance may also be needed to mobilize the necessary
capital. The Asian Development Bank (ADB), for example, recently approved a USS125 million
loan package to support rehabilitation of gas distribution networks in 10 cities. The ADB’s
support was needed for the project to access longer-term loans not otherwise available from
local banks. Additionally, because of ADB's role in the project, the loan was pre-certified as
green, with funds earmarked for measurable methane-leakage reduction and improvements
in network integrity, and the loan agreement requires periodic reporting on the emissions
reductions achieved (ADB 2024).

Debt instruments that explicitly encourage methane mitigation could prove valuable if
carefully designed. Sustainable debt instruments, such as transition, use-of-proceeds or
sustainability linked bonds, could be well suited to this context (Howell 2024). The Methane
Finance Working Group, a coalition of financial institutions, environmental organizations and
industry leaders, recently launched technical guidance on the structuring of debt instruments
for methane abatement in the oil-and-gas sector (Methane Finance Working Group 2025).
Measures to promote cost sharing and recovery of initial investment costs among joint
operating companies in the oil-and-gas sector would also enable operators to bring in
additional private finance to support specific investment.
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5.3.5 Covering ongoing project costs

Infrastructure investments also require sufficient funding to cover ongoing O&M costs.
These costs are significant in some cases and ensuring that projects generate sufficient
revenue to cover them can prove challenging. Targeted efforts to diversify revenue streams
can help improve the long-term sustainability of such projects. In Indonesia, the World Bank
is supporting the construction of new waste-treatment facilities and upgrades to improve
collection and the sorting of organic waste. To improve system-wide sustainability, the
programme includes support for the development of new business lines and sustainable
products, including compost, refuse-derived fuel to replace low-grade fuel in cement plants,
recyclables, and black soldier fly larvae for chicken and fish feed and organic fertilizer, as well
as support efforts to enhance the financial, institutional, planning and operational capacities
of local governments for improved solid-waste management.

Additionally, high-integrity carbon credits can mobilize private capital and supplement project
revenue, but ensuring quality requires robust MRV and methodologies aligned with the best
available science. While corporate buyers may not have traditionally prioritized methane
mitigation projects, high quality methane credits represent an opportunity to support large-
scale emissions reductions alongside the many economic and social co-benefits associated
with such projects.

5.3.6  Supporting innovation

Although most methane abatement can be achieved using solutions that exist today,

there is a need for funding to support the development and commercialization of new and
innovative technologies. Governments in advanced economies, philanthropy and the private
sector can all play a role. In 2023, for example, a group of governments, philanthropies and
a private corporation jointly launched the Enteric Fermentation Research and Development
Accelerator with more than US$200 million in funding to support innovation in the livestock
sector (Global Methane Hub 2023). Large food-sector companies have also supported
research and invested in emerging methane abatement technologies.
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While significant data limitations hinder precise tracking investment in methane mitigation,
the best available estimates of recent flows, along with modelled estimates of 2030
mitigation costs, suggest that delivering on the GMP requires methane finance to increase
by many multiples — in the order of a nine-fold increase — over 2022 levels. More investment
is needed, at all levels, to address data and tracking gaps including e.g. sex-disaggregated
results in funded projects. Additionally, resource needs are highly varied and closing the
investment gap requires action from bilateral and philanthropic donors to private sector
financial institutions, investors and everything in between.

Sources of scarce grants and highly concessional donor funding, including governments and
philanthropy, should continue to scale available funding. They should work together to limit
fragmentation of those resources by pooling funding whenever possible. Finally, they should
coordinate efforts to fill critical gaps and help scale approaches demonstrating results.
Concessional donor funding is particularly valuable in addressing policy and capacity gaps
and creating pipelines of viable projects.

Development finance institutions must also continue to increase attention on methane

in their operations. There are opportunities to boost the methane mitigation potential of
projects in the waste and agricultural sectors that are primarily motivated by unrelated
development aims. National and bilateral DFIs remain relatively untapped sources, and
MDBs should also continue to scale available resources. The World Bank and IADB have
taken important early steps and are beginning to demonstrate successful approaches that
should be replicated and scaled. Additionally, development banks and their shareholders
should ensure they support high-impact methane mitigation projects in the energy sector
that would otherwise not happen without public backing.

Private sector actors, including corporations, financial institutions and investors, can help
scale available finance in a variety of ways. Besides direct investment to reduce methane
in their own operations, which is critical, corporations can adopt procurement policies that
incentivize emissions reductions in their supply chains and commit to purchasing low-
methane products. Corporate buyers of carbon credits can seek to partner with developers
of high impact methane reduction projects and prioritize these in their credit purchasing
strategies. Investors can engage and support portfolio companies on plans to reduce
methane emissions and continue to support the development of well-designed sustainable
debt instruments.
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Conclusion

Since the launch of the GMP in 2021, global awareness and political momentum around
methane mitigation have grown markedly. The number of countries participating in the GMP
has reached 159, demonstrating widespread political support. Significant strides have been
made, particularly in policy development, improved emissions inventories and voluntary
industry-led initiatives, especially in the energy sector. 65 per cent countries who are Parties
to the Paris Agreement have now integrated methane into their NDCs, indicating growing
recognition of its critical role in achieving climate and clean air objectives.

Despite this momentum, global anthropogenic methane emissions have continued to rise.
Since 2020, emissions have increased by approximately 2 per cent, are projected to grow by
5 per cent by 2030 and 21 per cent by 2050 unless additional action is taken. This trajectory
places the world far off course from meeting the GMP goal of at least a 30 per cent
reduction from 2020 levels by 2030, and from pathways consistent with limiting warming to
1.5°C.

While current legislation and action under existing national policies have reduced the
expected growth in methane emissions compared to older projections, they remain
insufficient to reverse the upward trend. Progress made since the launch of the GMP

is encouraging. Fully implementing the mitigation pledges in current NDCs could drive
emissions reductions of up to 8 per cent by 2030, potentially representing the largest and
most enduring decline in anthropogenic methane emissions in recorded human history, yet
still short of the GMP target.

Sectoral analysis reveals that the energy sector offers the greatest potential for rapid and
cost-effective methane mitigation, accounting for 72 per cent of abatement opportunities
by 2030. Tackling venting, flaring and fugitive emissions in the oil, gas and coal industries,
especially using existing cost-effective technologies, are high-impact, readily available
opportunities.

The waste sector is receiving increased policy attention, though it accounts for a smaller
share of emissions; early investments made before 2030 are essential to unlocking
reductions in the coming decades.

The agricultural sector remains under addressed. Despite many measures targeting enteric
fermentation, manure management and rice cultivation potentially providing net cost
savings, policy coverage remains limited.

Meeting the GMP target requires significantly increased ambition and action through the full
uptake of methane control measures to reach the maximum technically feasible reduction
across all emitting sectors. If implemented fully and swiftly, these measures have the
potential to reduce global anthropogenic methane emissions by 32 per cent by 2030.
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Financially, methane abatement is not only feasible, but also cost-effective. The cost of
implementing these MTFR measures is far outweighed by the associated benefits. These
are not just economic, full implementation of MTFRs could prevent more than 180,000
premature deaths annually by 2030. Health benefits also include more than half a million
avoided asthma-related emergency-room visits per year and tens of billions of avoided lost
hours of labour for outdoor workers. Agriculture would similarly benefit, with nearly 19 billion
tonnes of crop losses avoided annually by 2030. These outcomes demonstrate that methane
abatement is essential not only for meeting internationally agreed climate goals but for
public health, food security and global productivity.

The path forward, however, is not without challenges. While technological solutions are
available and effective, policy gaps remain, particularly in turning commitments into
enforceable action with measurable results. As of June 2025, only six countries have
quantified methane reduction targets aligned with the GMP goal.

Monitoring, reporting and verification systems should be significantly improved to ensure
policies deliver as promised. Recent near-source measurement studies have revealed
substantial underreporting of methane emissions, particularly in the fossil-fuel sector.
Reliable and transparent MRV, from both satellite-based systems and ground-based
monitoring, is necessary not only to track progress but also to guide effective mitigation
efforts and build public trust. Robust validation and cross-verification of methodologies need
to be scaled up to ensure the credibility of data, particularly as more countries incorporate
methane mitigation into their climate strategies.

Methane finance has grown in recent years, reaching an average of US$13.7 billion per year
in 20271 and 2022, but it still falls well short of the estimated USS127 billion annually needed
to fully implement the maximum technically feasible reductions by 2030. This funding gap,
however, is not insurmountable. The required investment represents just 6 per cent of total
global climate finance in 2023 and a mere fraction of the revenue of the fossil-fuel industry
and of the subsidies currently allocated to harmful practices in the agricultural sector.
Development finance institutions, private sector actors and philanthropic organizations all
have critical roles to play. In many cases, policy clarity, institutional capacity and pipeline
development are greater obstacles to mobilizing finance than capital availability.

Moving forward, methane mitigation must be embedded within broader climate strategies.
Simultaneous efforts to decarbonize the energy system, reduce food waste and promote
sustainable consumption patterns, such as dietary shifts, are essential to achieving long-
term reductions. Full implementation of methane control measures, combined with energy
system transformations and demand-side changes, can deliver a 53 per cent reduction in
methane emissions by 2050. This would be consistent with 1.5°C-aligned pathways and
contribute to avoiding up to 0.36°C of warming between 2040 and 2070.

Ultimately, the scientific, economic and moral imperatives to act on methane are
overwhelming. The technologies exist, the benefits are clear, and momentum is building.
Achieving deep, sustained reductions in methane emissions, however, requires scaling up
ambition, accelerating implementation and closing the gaps in finance, data and policy
enforcement. As the world continues to confront escalating impacts of climate change,
addressing methane is not only a fast and effective lever, it is an essential one.

Now is the time to elevate methane mitigation to the highest levels of national and
international climate priorities. Through collective leadership, smart policy and strategic
investment, a safer, healthier and more sustainable future can be unlocked while delivering
the most significant near-term climate win available today.
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