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New technologies are unlocking large-scale
abatement opportunities

* “You can’t manage what you can’t measure.” For a long time, you just
couldn’t measure methane

* Emission factors are useless to estimate methane emissions
— Unlike carbon, methane is not a by-product of fossil fuel consumption

* Colorless, odorless, intermittent & sporadic

* MIA at COP21

* Multispectral sensors were long hard to deploy at scale
* Al + earth observation: a game changer

* Use cases: Super-emitters & inventories
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Overcoming trade-offs

Data fusion helps transcend the limitations of individual instruments
to create an ideal synthetic methane monitoring system

High-resolution

Sentinel-2 (ESA) /
Landsat 8-9 Worldview-3

(NASA)

PRISMA (ASI) /
EnMAP (DLR)

Multispectral - Multispectral Hyperspectral
SSO - SSO - SSO

GSD 20m - GSD 3.7m - GSD 30m
1ton / hour - 100 kg/ hour 500 kg / hour
2-3 days revisit - Tasking = Tasking

EMIT (NASA-

JPL)

Hyperspectral
Onboard ISS
GSD 60m
500 kg / hour
Tasking

Sentinel-5P (ESA)

Hyperspectral
SSO

GSD 55x7 km

10 tons / hour
Daily revisit

Mid-resolution + daily revisit
4+ Used in tandem

Sentinel-3 (ESA)

Multispectral
SSO

GSD 500m

10 tons / hour
Daily revisit
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“Tip and cue”

Fusing data from multiple satellites to zoom in on the point sources
of large releases

| Sentinel-5P | Sentinel-3

18-21 March 2024 | Geneva, Switzerland 2024 Global Methane Forum: Mobilizing Methane Action




Super-emitters: the proverbial low-hanging fruits

Scale and speed of monitoring are of the essence:
. 2,500+ super-emitters detected by Kayrros in 2023

. Rapid response: 2-3 days between capture and delivery

Detection and

Image acquisition quantification

Kayrros automatically
processes every satellite
images captured over many
AQIs to enhance methane
abnormal concentrations.

Kayrros retrieves products
from multiple satellite
constellations:

Sentinel-2 (ESA)
Sentinel-3 (ESA)
Sentinel-5P (ESA)
LandSat 8/9 (NASA)
PRISMA (ASI)

EnMAP (DLR)

EMIT sensor (NASA-JPL)
WorldView-3 (Maxar)

Kayrros applies Deep-Learning
algorithms to detect methane
plumes and then quantifies
their flow rate by Integrated
Mass Enhancement (IME).

Manual labeling

Each methane plume
detected by the Al model is
manually analyzed by two

distinct Data Labeler.

False Positives are filtered out.

Attribution

Kayrros identifies the source

of the emission thanks to the

high spatial resolution of the
satellite imagery.

The asset’s owner is often
identified using Kayrros'
internal asset database.

Delivery

Methane super-emitters
detections can be delivered
either through the Kayrros
Platform, programmatically
through an API or through a
CsV file
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Sizing up a release with geostationary imagery

« A pipeline blast that displaced 10,000 people in
Ohio on Oct. 12, 2023 at 10:39am caused a
large, unreported methane release

o Kayrros started observing the emission at
10:46am

. Based on GOES-16 images, Kayrros estimated

the release at 840 tons, equivalent to the

annual emissions of ~15 000 U.S cars

e Large methane cloud drifted 120 kms southeast
and remained visible for five hours

Source: Kayrros SAS, processed L1B images from
NASA/NOAA GOES-16 satellite
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Assessing the impact of regulations

Two sides of the Permian basin

@cmiT

@ sentinel-2
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Fewer super-emitters on one side of the Permian
than on the other

Number of Super Emitters (Sentinel-2) Normalized Super Emitters
normalized for production level, Q1 2023 . Count of Super Emetters / Production
30
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Regional inversions for inventories

iIScience & CelPress

OPEN ACCESS

High-resolution assessment of coal mining
methane emissions by satellite in Shanxi, China

Inversion based on TROPOMI

Shushi Peng,
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Gang Liuy, ..., Hugo

Penalized optimization framework Eelliees
( no Q@\(@%La\[l reg u I a ri Zat io n ) Prior emissions rha?lrii: ::lz Sé‘.ai;i:ds‘
Product used: Methane mixing ratio [ 7 - S
i I Transport model (HYSPLIT) Posterior emissions e
bias corrected —— s

Prior for locations only: Combination
of EDGAR, public and private asset
databases

Lagrangian particle model HYSPLIT
Monthly estimation*

am - images to inverse regional
N coal mining methane
ﬁﬂ—'mm o
e )

The inversed CH,

a AIR RESOURCES LAB “’_'" I I emissions are close to

wn upper bound of current
Nnre e
bottom-up estimates

The CHs emission factors
nerease with coal mining
depth at prefecture levels

SentinekSP/TROPOMI
KCHy4 We highlight potential of
h . manitoring CHy leakages
*depending on number of observations and emisions o

18-21 March 2024 | Geneva, Switzerland 2024 Global Methane Forum: Mobilizing Methane Action ‘
_




Technologies as enablers & accelerators

 Satellite+Al detection of super-emitters: the “speed radar” of methane
abatement

— Scale

— Coverage

— Cost-efficiency
— Independence
— Accuracy

* The case for banning super-emitters
— Super-emission events are scientifically indisputable
— Super-emission events are morally unjustifiable
— Super-emission events are technologically addressable

* AI+EO also foundational for basin inversions (inventories)
— For progress reports and policy assessments
— For rough methane intensity estimates

* Current technologies are fit for purpose. Rapid adoption can score the first win
in the race against global warming
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Thank you

a.halff@kayrros.com
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