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‘ GHGSAT ‘ Who We Are

4+ Founded in 2011 measuring facility level gas
emissions with patented hyperspectral
technology.

-+ Organizational mission to support methane
reductions.

-+ Measuring CH, since 2016
Proven technology, commercial since
2020.

-+ Mature organization; with deep tech,
science and analytics capability. Own
and operate 17 satellites and 4
airborne sensors. Manage petabytes
of data to securely deliver near real-
time actionable insights.

GHGSat-C7
deploying from
SpaceX Rocket
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GHGSAT ‘ Sectors We Serve

Waste Coal Mining
Management

Agriculture

Government
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Typical Oil & Gas Facilities  § ;e o
in Central Asia, as seen by Human Eyes

Measurements From
Aug 30 to Feb 20, 2022
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Typical Oil & Gas Facilities  |§
in Central Asia, as seen by GHGSat
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Measurements From
Aug 30 to Feb 20, 2022

Analytics From
< Jan 23 to Jan 29, 2022 >
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Our 2025 Methane
Detections

Total methane plumes
detected in 2025

28,224

Our high-resolution satellite
constellation detected over
28,000 methane emissions

worldwide in 2025

127 ex

Monitored in 2025

+15% EEE2

Increase in geographic coverage

Regional Distribution of Detected Emissions
Across All Emitting Sectors in 2025

GHGSat's satellites
detected methane
across 127 countries
in 2025, revealing
diverse emission
profiles worldwide.

20%

North America

8%

South America

5%

Europe

9%

Africa

6%

From 2024

24%

Eurasia

24%

Asia

Middle East

3%

Oceania
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Our Methane Emissions
Snapshot: 2025

Detected Emissions - Sector Distribution

49%

Qil & Gas

In 2025, Oil & Gas and Waste together
made up 78% of detected emissions
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Ol & Gas
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Integrated Al-Powered Workflow:
From Measurement to Actionable Insights

Perform Detect & Quantify Attribute,
Measurements Emissions Aggregate, Analyze
CAL S
000
— @;’ = &;@ —

Proprietary
Emissions Data Combined with third-party datasets

Alert &
Report

Generate
Insights
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GLOBAL LANDFILL
EMISSION STUDIES
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Article

Global satellite survey reveals uncertaintyin
landfill methane emissions

https://doi.org/101038/s41586-025-00683-8  Matthieu Dogniaux'™, Joannes D. Maasakkers', Marianne Girard?, Dylan Jervis?,
it ' . ) pa
Recsived: 10 July 2024 ia:::ﬂz::iver’, Berend J. Schuit'?, Shubham Sharma’, Ana Lopez-Norefia', Daniel J. Varon

Accepted: 29 September 2025

Published online: 5 November 2025 Methaneis a potent but short-lived greenhouse gas and rapid reductions of its

Open access anthropogenic emissions could help decrease near-term warming'. Solid waste emits
# Check for updates methane through the decay of organic material, which amounts to about 10% of total

anthropogenic methane emissions”, Satellite instruments® enable monitoring of
strong methane hotspots®, including many strongly emitting urban areas thatinclude
solid waste disposal sites as most prominent sources®. Here we present a survey of
methane emissions from 151 individual waste disposal sites across six continents using
high-resolution satellite observations that can detect localized methane emissions
above 100 kg h™'. Within this dataset, we find that our satellite-based estimates
generally show no correlation with reported or modelled emission estimates at facility
scale. This reveals major uncertainties in the current understanding of methane
emissions from waste disposal sites, warranting further investigations to reconcile
bottom-up and top-down approaches. We also observe that managed landfills show
lower emission per area than dumping sites, and that detected emission sources often
align with the open non-covered parts of the facility where waste is added. Our results
highlight the potential of high-resolution satellite observations to detect and monitor
methane emissions from the waste sector globally, providing actionable insights to
help improve emission estimates and focus mitigation efforts.

Global waste production has nearly tripled since 1965, reaching 2 billion
tonnes per year in 2016 and, with a growing population®, is expected to
further increase by 70% by 2050°. Close to 70% of waste currently ends
up in landfills or dumping sites’, in which anaerobic decomposition
of organic material produces methane. Methane is a short-lived (with
about anine-year lifetime®) but potent greenhouse gas and its anthro-
pogenic emissions make it the second most important contributor to
human-induced climate change after anthropogenic carbon dioxide
emissions, accounting for -30% of current positive warming relative
to pre-industrial temperatures (1850-1900 average)®. Deep and rapid
reductions in global anthropogenic methane emissions are essential
to keep net warming below 1.5 °C by 2100, Methane emissions from
solid waste currently amount to 38 million tonnes per year, roughly 10%
oftotalanthropogenic methane emissions?, and could reach 60 million
tonnes annually by 2050", However, some mitigation options are avail-
able, forexample, banning organic waste in landfills, source separation,
reuse, recycling or treatment with an anaerobic digester". If these are
implemented to their fullest potential, 2050 methane emissions from
solid waste could be as low as 11 million tonnes per year'',

Solid waste emission estimates are based on widely used first-order
decay models” that are used in country-level reporting of methane
emissions' as well as at facility scale. Different variants of such mod-
els exist and can yield very different results for similar facilities'.

The parameters (For example, methane generation potential of the
waste) that drive these models are also uncertain and specific to each
facility'™'". Finally, waste disposal management practices can greatly
impact methane emissions, from unmanaged dumping sites to man-
aged sanitary landFills that include linings, covers and gas capture
systems of variable efficiency”. Considering all of these uncertainties,
independent observations of methane emitted from waste disposal
sitesare critical and can be obtained through various on-ground and/
or aerial-measurement methods' that are deployable at the site level
and that can provide emission estimatesat high continuous temporal
resolution. Complementarily to these site-specificapproaches, satel-
lites offer extensive global coverage, providing consistent observa-
tion sets across a large number of sites. We present here a global-scale
survey of methane emissions from waste disposal sites using 1,447
high-resolution satellite observations.

Satellite remote sensing of atmospheric methane can have an
active role in methane emission mitigation by locating emission
hotspots and identifying the super-emitting sources they contain.
Over the past decade, a range of spaceborne instruments have been
transformative for methane imaging from space®** ™, They provide
spatial images of atmospheric methane concentrations that enable
the detection of anthropogenic emission plumes. These consist of
strongenhancementsinmethane concentration that extend downwind

SROM Space Research Or i . Leiden, The.
Technalogy, Cambridge, MA, USA. “Institute for Data, Systems, and Society,

*GHGSat inc.. Monweal, Canada. *Depa; of ics and Institute of
Institute of 5 bridge, MA, USA. *Department of Earth Sciences, Virije Universiteit

The: Se-mall: M. nl

Nature | Vol 647 | 13 November 2025 | 397

doi: 10.1038/s41586-025-09683-8 | Open Access

Global Satellite Survey Reveals Uncertainty in
Landfill Methane Emissions

Partners: SRON Netherlands Space Research Organisation | GHGSat Inc. | MIT | Vrije Universiteit Amsterdam

CONTEXT The first peer-reviewed global-scale satellite survey of landfill methane. Covering 151
waste disposal sites across 130 urban areas in 47 countries (2021-2022), using 1,447 GHGSat C1-C5
and TROPOMI observations. GHGSat’s 25x25 m resolution enables facility-scale attribution below 100

kg/hr — impossible with coarser instruments.

{4l Zero correlation with national reporting
programs

Satellite measurements show near-zero correlation
with national reporting programs (r=0.03) and
Climate TRACE models (r=0.18). 14 of 37 reported
landfills were emitting at least twice what they
reported.

v Super-Emitter Concentration

The top 40% of emitting sites account for 80% of
total emissions. Median plume rate: 2.4 t/hr.
Highest: Norte Ill, Buenos Aires at 22 t/hr. The 151
surveyed sites collectively emit ~2.8 Mt/yr (7.4% of
global solid waste CHy).

& Active Faces Drive Emissions

86% of well-observed sites showed plumes originating
from the active, uncovered working face not closed
modules. Managed landfills emit significantly less per
km? than dumping sites.

GHGSat provided all 1,447 high-resolution satellite
observations, the emission quantification methodology,
and co-authored the peer-reviewed findings, enabling
the first global facility-scale top-down assessment of
solid waste methane emissions.
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How High-Resolution Satellites Strengthened Understanding
of Landfill Methane Emissions Across North America

OVERVIEW

For landfill operators and regulators, understanding
where emissions occur and how they vary over time
is critical to improving gas collection, mitigation
strategies, and poelicy decisions. Traditional approaches
rely heavily on models and periodic ground surveys,
which cannot fully capture the variability of real-world
landfill conditions.

To improve this understanding, GHGSat partnered with
the US. Environmental Protection Agency (EPA) and a
leading North American landfill operator to conduct

Traditional landfill
methane monitoring

Reliance on models
[[550 & estimates
Operators often use modeled values to estimate
methane emissions. EPA's decay-based (FOD) and
gas-collection efficiency (CEA) models operate at
annual timescales, and cannot account for
short-term variability or operational dynamics.

Ej'_'i .
=]ox

e
Ground-based surveys cannot safely or practically
cover the full landfill surface—particularly the
warking face—creating data gaps where emissions
can occur. Aircraft surveys improve coverage, but
are costly and difficult to scale for routine use.

Incomplete
data

¥ High variability
[/ across sites & time
Emission behavior varies widely by landfill, driven
by environmental, operational, and infrastructure
factors. Without broad spatial visibility and repeated
measurement, this variability is hard to quantify.

the largest-ever high-resclution satellite survey of
methane emissions from the North American landfills.
Using GHGSat's 30 m SWIR satellites, the study
delivered 627 observations across 60 landfills between
2021 and 2024, providing new insight

into landfill behavior at scale.

e
3°° LARGEST
Methane source

—

GHGSat
high-resolution
satellite monitoring

Detection
& quantification of plumes

Identifies and quantifies methane plumes across
a broad range of landfill conditions, isclating
plume areas with 30 m spatial resolution.

Frequent revisit

opportunities at scale
Repeat cbservations across large geographically
diverse areas enable consistent monitoring of
landfill sites over time—far more scalable than
aircraft or ground-based surveys.

Independent,
“ measurement-based insight
Direct methane measurements enable compa-
rison with EPA inventory models, providing
clearer insight into actual site conditions and
the limitations of modeled approaches.

Largest-ever high-resolution satellite survey of North American landfills

High-Resolution Satellites and Landfill Methane
Emissions Across North America

Partners: GHGSat Inc. | U.S. Environmental Protection Agency (EPA) | Leading North American landfill
operator, Waste Management

CONTEXT The largest-ever high-resolution satellite survey of North American landfill methane. GHGSat
partnered with the U.S. EPA to compare satellite-measured emissions against EPA’s two official invento
models (FOD decay-based and CEA gas-capture efficiency) and operator-reported figures — delivering
independent, direct measurements at 30m resolution across 697 observations from 2021-2024.

{gl Low correlation with measured emissions Emissions Are Persistent

Both EPA FOD and CEA models showed very weak
correlation with measured emissions (r?=0.01 for

both). working faces were covered suggesting persistent
release pathways.

Gas Collection Varies Widely

At 25 landfills monitored monthly over 12 months,
gas-collection efficiency ranged 38-96%. Operator-
reported efficiency correlated weakly with satellite

2_ S a q
measurements (r*=0.18). emissions for compliance and climate goals.

y

No significant difference between weekday/weekend
or morning/afternoon. Emissions continued even when

GHGSat’s constellation provides scalable, repeatable,
facility-specific measurements enabling the waste
sector’s transition from modeled to directly measured



TWOS-2
PROGRAM

SRON and Global
Methane Hub

Provide long-term monitoring
of landfill emissions in low-
and middle-income countries

Engage with local operators,
governments and NGOs

Coordinate with local
measurement campaigns

Baseline measurements allow
us to understand long-term
emissions trends and
mitigation effectiveness

Company Confidential

Observations (34) Trend Analysis

14,000 ko/n

12,000 ko/n
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We are also working with the European Space Agency
(ESA) and academic institutions to analyse landfill emission

in Madrid, Spain.
Measurements

Tracer Gas Dispersion GHGSat Satellite GHGSat Airborne

. Landfill
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Fine-scale, pinpoints individual &

Ground-based, direct sampling of Detects large-scale plumes, sensitive to
methane emitted from the source methane (point) sources greater than 100 persistent plumes larger than 5kg/hr
< 20% uncertainty kg/hr

Total landfill emission Portion of total emission Targeted methane control

+ cell-specific emissions
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Metherlands Institute for Space Research “




Aircraft allows for
pinpointing individual

©2025 GHGSat Inc.

Results of GHGSat aircraft
campaign over a Madrid landfill in
November 2025.

14




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	GLOBAL LANDFILL EMISSION STUDIES
	Slide Number 10
	Slide Number 11
	TWOS-2 Program
	Slide Number 13
	Slide Number 14

