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What is the purpose of MethaneSAT?

* Motivate countries and companies to reduce
methane pollution

* Make the full extent of the problem
(anthropogenic methane emissions) apparent,
unavoidable, and actionable

* Launch a new, low-cost, purpose-built satellite
that will map and measure oil and gas methane
emissions worldwide

* Potential to assess emissions from the full range

of man-made sources



MethaneSAT Mission

* Primary Mission Objective

* Provide the data needed to enable a
45% reduction in CH, emissions
from oil & gas production regions by 2025

* Mission Overview
* Regular monitoring of regions accounting for > 80% of global oil & gas production

* Designed to detect, quantify, and track area emission rates as well as from point
sources

* Targeting satellite in sun-synchronous orbit

e Passed CDR June 2020; Launch ready by Q4 2022

* Flux data product publicly available free of charge

 All Data products freely available to the larger science community

* Comprehensive advocacy campaign E Me’[haneSATSM
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MethaneSAT Mission
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* Two imaging spectrometers by Ball Aerospace
* Saturn-class spacecraft bus by Blue Canyon Technologies

* Primary science teams at Harvard, SAO, EDF

MethaneSAT Specifications

Orbit altitude (km) ~585
Field of view (deg) 21.0
Swath width @ nadir (km) ~210
Spatial resolution @ nadir (m) ~100 x 400
0, passband (nm) 1249-1305
0, sampling / resolution (nm) 0.1/03
CH, passpand (nm) 1605-1683
CH, sampling / resolution (nm) 0.1/03
Daily target collects (200km x 200km) 30-40

MethaneSAT is designed to fill current critical data
and observing gaps with respect to quantification of
total methane emissions across geographies, spatial
resolution and detection threshold
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Defined targets and viewable swath ~200 km from MethaneSAT

Viewable " Width of CONUS: 4300
km

Viewable Width
# ca. 1060 km

8% CONUS Viewable daily:
ca. 2000 km

Targets

~100 targets/day

Josh Benmergui/Harvard
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PHASE 1
DATA
CALIBRATION:

Raw data from the
spectrometer are
corrected for dark
current and straylight
and light intensities.

4-Phase Data Processing & Delivery

BASE DATA RECEIVED

Data is decrypted, reconstructed, and
readied to enter into the processing pipeline.

PROCESSING
PIPELINE

PHASE 2

Data are processed to
account for meteorological
“noise” (cloud cover, aerosols
and reflectivity of the Earth’s
surface). A retrieval model is
used to determine methane
concenfrations.

DATA READY FOR USE

This data, now processed into information,
can be accessed to provide insight such
as the source of emissions, how much
methane is being released in a region,
and how emissions change over time.

PHASE 3

Data are remapped to
geographical coordinates
to produce maps of
methane concentrations,
including features such as
oil and gas infrastructure.

PHASE 4
METHANE
QUANTIFICATION:

Inverse modeling is used to
process concentration data
with meteorological data to
develop maps of methane
emission rates in kg/hour.
The amount and location of
emissions are integrated with
facility information to attribute
emissions to specific locations
and faciliies.




Recent satellite observations reveal the Permian
methane hotspot

TROPOMI methane data averaged from May 2018 — March 2019
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TROPOMI data reveal highest methane emissions from the Permian Basin
ever measured from any U.S. oil and gas basin
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Measuring Methane emissions from Space

* Types of Instruments
* Mapper
* Target
* Hybrid — Mapper/target

* Types of Data
e Radiance Spectra
* Atmospheric column methane concentrations
* Geographically defined methane flux rates

e Data characteristics
e Swath width
 Spatial pixel size
* Precision

* Pixel size + Precision = Detection Threshold (what proportion of emissions
can be detected)



Key attributes of an effective ecosystem
of satellite remote sensing of methane
emissions

* Global coverage

* Rapid repeat measurement

* Detect total emissions

* |dentify and quantify point source emissions
 Spatial emission patterns

* Track trends in emissions over time




Key attributes of satellite remote sensing
of methane emissions

* Global coverage — Mapper/Target
* Rapid repeat measurement - Mapper/Target
* Detect total emissions - Mapper

* |dentify and quantify point source emissions —
Target/ Mapper for larger point sources

* Spatial emission patterns - Mapper
* Track trends in emissions over time - Mapper




MethaneSAT Mission Objectives

Quantify total CH, emissions (incl. diffuse) for global O & G regions, with quantitative
heat maps of emissions

Area diffuse sources ~ 2 - 5 kg/hr/km?
Attribute Emissions to facilities or clusters

* Point sources emitting >1000 kg/hr per image. Lower threshold for attribution of
selected targets/special viewing geometries;

* Persistent sources << 500 kg/hr with 10-20 images.
200 priority targets observed 10-20 times/year

* 80-120 “scenes*” acquired/day, 1-3 “scenes” = 1 target
Other types of targets in the overall mission

*A “scene” defined as 10s of data (70 km along track).
*Lower thresholds for selected targets in special viewing geometry



Satellites Are Complementary
For Tackling Global Methane Emissions

(D e op[z;:::\al (subgGrirdI?)ixZ:)z(eka) Prg)f)lk?\:)on
MethaneSAT 2022 1.4x1.4 (0.1 x0.4 raw) 200+ 2-3*%
GHGSat 2016 - 0.025 x 0.025 12 x12 ~50
TROPOMI 2017- 7x7 2600 ~11
GOSAT-2 2018 - 10 km dia., single Sparse ~8
GeoCARB 2022 - 3x6 2800 ~18
Carbon Mapper 2023 - 0.03 x 0.03 18 ~30

* Gradient measured over 10 — 100 km length scales.



