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Methane is the new CO, Bluefield

= Methane is 100x more potent than CO, (10 year period)
= 1/4 of global warming is due to methane emissions
= Trillions of $ and millions of lives at stake










What is the situation? Bluefield

Agencies and regulators are struggling to get a handle on accurate
emissions of methane

WORLD “New study raises big questions on U.S. fugitive methane

RESOURCES

INSTITUTE emissions.”
“Solid waste disposal more than doubles EPA estimates.”

YaleNews

“The U.S. has been emitting a lot more methane than we
The Washington Post  thought, says EPA.”

“Uncertainty surrounds U.S. livestock methane emission
PENN STATE NEWS  estimates



The decisions we make are only as good
as the data they are based on

“To measure is to know”

- Lord Kelvin

“If you can’t measure it
you can’t improve it”

“You can’t manage
what you can’t measure”

- Management thinker Peter Drucker




Models & local measurement Bluefield

PLEASE EXCUSE
OUR DUST




Methodology Bluefield
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Microsatellite sensors + Al Bluefield
= a scalable, cost-effective solution

Global coverage Methane tracking

Detect and quantify every methane leak microsatellite
constellation

larger than 15 kg/h at 20 m resolution.

Timely, actionable information
Daily monitoring and analytics ensure leaks
don't go undetected, reducing risk by orders
of magnitude.

Easy to access via a subscription
Clients receive data products digitally as a
service.
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Foundation for effective actions Bluefield

= Current methane monitoring approaches are not scalable to the size of the problem

= Millions of miles of pipelines, hundreds of thousands of gas wells - measured with trucks
and helicopters!?




Why nOoW? Bluefield

= Components 1% cost and size compared with 10 years ago + Improved detectors
= Al and image processing 10,000 times faster and more capable than 5 years ago
= Cheaper and commoditized access to space with weekly launches starting 2019

= Shareholders and banks (managing $80 trillion) demand climate risk data from
oil & gas companies, methane emissions are the top concern
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Miniaturized solution Bluefield

= Bluebird 1 could totally fit inside a typical 0.8 cubic feet microwave
(with folded solar panels of course!)

=30cm

12”

At 1/100 of the cost



Bluefield proprietary technology Bluefield

COOL -“CH,
Observation of - We are using proven NASA technology

Lower troposphere” . -
(in orbit since the 19705s)

= Prototype demonstration in 2017
- 5 patents in preparation

= Three planned airborne field campaigns

SWIR nadir solar
backscattered

Methane measurements
leak ﬁ

’ i e RS f\ ‘ ‘

.&_ E . ) B




Gas Filter Correlation Radiometry Bluefield

= GFCR is arguably the best approach for trace gas measurement from a micro satellite,
offering intrinsic high selectivity + high rejection of contaminant gases & interferents

= Such a radiometer naturally integrates the gas absorption spectral signature using an
internal gas cell containing a sample of methane, acting as the perfect filter, eliminating
the need to digitally record & analyze high-density spectral information

IR light Solar Gas Incoming Input Gas Bandpass IR Digital Computer
source reflection |eak radiance telescopes cells filters FPAs signals system
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Spectro-radiometer imager Bluefield

= “Push-frame” measurement mode gathers more photons, allowing continuous

recording at a high frame rate and massive oversampling, leading to significant
increase of the SNR (factor of 10+ wrt classic scanning systems)

Whisk-broom scanning

Recording one
pixel at a time
(radiometer or
spectrometer)

Across track

Flight
direction ’ “whisk broom”
sweeping

across-track

MOPITT, MERLIN

CrlS, GOSAT, OCO,

Push-broom scanning

Spectra must be
numerically
analyzed to
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This is how Bluefield's technology works ( Bluefield

Raw data stream from + Pattern recognition = Timely emissions info
microsat sensor enhancement with Al & analytics for clients
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Al & Machine Learning Bluefield

= The COOL technology further augments the GFCR sensor
performance by using advanced image processing enhanced
by Artificial Intelligence

- Using massive oversampling, our Al uses pattern recognition
on the unique and rich data from our sensor

= This allows the extraction of minute quantity of information
from large background noisy signal in order to detect, identify,
visualize and quantify trace gas plumes

- New Machine Learning techniques will be implemented for
automatic analysis and near real time identification of weak
gas leaks in large streams of mega-pixel IR images recorded
at high frame rate, achieving unprecedented precision.




Benefits / Scalability Bluefield

Affordability

Area Coverage




Affordability & coverage for global scale | Bluefield

Bluefield brings an unbeatable offer for large coverage

Cost Revenue Coverage
SOLUTIONS (per km? per measurement) (per day in km?)
Stationary sensors $$$$ $$$% 0.00001
Trucks, helicopters, drones $$$ $$9$ 2-50
Airplane $$ $$ 200

Bluefield ¢ $ 50,000



Main sources of methane emissions Bluefield

- Globally, over 60% of total CH, emissions come from human activities
- Methane is emitted from industry, agriculture, & waste management activities

- Domestic livestock (beef 71%, dairy 24%,

Coal Mining Oth
goats, and sheep) produce large amounts 0% M e
of CH, as part of their normal digestive Natural Gas
process. Manure and Petroleum
] , . Management _ Systems
= Also, when animals’ manure is stored or 10% 31%

managed in lagoons or holding tanks,
CH, is produced.

Landfills
= When livestock and manure emissions are 18% Enteric

Fermentation

combined, the Agriculture sector is the 25%
primary source of CH, emissions. SEPA



Information about methane leak levels Bluefield

15 kg/h Bluefield detection threshold

= Biggest single leak in history = Aliso Canyon 60,000 kg/h (peak)

= Coal mines flow 1000 kg/h (mid-level)
- Natural gas wells 1..15 kg/h per well
- Water treatment plants 5-100 kg/h

= Herd livestock (Narrabri 150,000 animals) 300 kg/h (120 L/day)

Diary cow manure emission 900 kg/h
- Peatland average fluxes: 25 mg/h/m? 10 kg/h (over 20 m x 20 m)
= Wetland highest fluxes measured = 7.5 mg/h/m?

= Average rice growing season emissions < 0.01 mg/h/m?



Detection performance Bluefield

= With a low detection threshold, Bluefield will be able to detect 98.6% of all ground
based device-level emissions, compared to a quite limited subset by competitors

Cumulative contribution to GHPRP total [%]

0.25 1 2 5 10 15 20 2530 40 5060100
101:| """"" | EEEE LIS RS S SRS 1 g . L
: Our higher sensitivity
Bluefield orbital . J level (15 kg/h) allowing us
sensors will detect £ 10°F /- to detect for example:
essentially all of 2 e alE - 163 sources, or 12.0% of top
. O — g ] :
the methane pomt 4 - Power Plants (mainly Coal)
itt o 107 3 1357 emitters, compared to
iR S 1Rl e 5 i : only 2 sources by GHGSat,
from the 2016 EPA % | Bluefield: threshold Total = 0.7 Gg/h (2016) . | (81x more), and
) POWeT Plants (Ccoalire) (21.1%)
national total é 102 |00 ton b | . T « 589 sources, or 49.3% of top
GHGRP inventory i 4 | . Other(C\galMines).(ﬂ.O%) ; Oil & Gas 1194 emitters,
| emicals (5.1% 1
| . ﬂ'eta.s (4:__5(05/0)1/) | compared to only 14 sources
10° TPUPUNE TN AN S [N uaam i I 7 T 95 PO 771 1 by GHGSat (42x more)

50 55 60 65 70 75 80 85 a0 95 100
Quantile distribution



Assessing global methane emissions

Bluefield

Industry type (sector) SEHEIEEL b qf t.o 22l

sources emissions
21.1% | 1) Power Plants (e.g Coal burning power) 12.0% 84.1%
20.9% | 2) Waste (landfills, wastewater treatment, composting) 89.5% 99.9%
18.5% | 3) Petroleum & Natural Gas Systems 49.3% 90.3%
17.0% | 4) Other (Coal mines, vehicles, etc.) 8.15% 99.9%
5.1% 6) Chemicals 4.6% 90.3%
4.5% 7) Metals 5.2% 95.9%
3.4% | 8) Pulp and Paper 36.2% 99.0%
1.9% 9) Refineries 37.7% 88.5%

TBD AGRICULTURAL TBD TBD




Milestones Bluefield
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2017 2018 2020 2022
Laboratory Airborne field  High altitude 2 microsats in orbit 20 microsats in orbit
prototype techno campaigns  balloon derisking (global coverage, (global coverage, daily)
demonstration phase monthly) Detect more gases (N,O)
Clients LOIs & Preliminary data sales Increased data sales Scaled data sales

contracts Aerial demonstrations



Our team Bluefield
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European Space Agency



Awards & publicity Bluefield

Bloomber SCIENTIFIC
Business 9 Forbes MERICAN

¢IEEE Y[ ‘Nz/T SPIE.

Advancing Technology STARS  SVANGING LIGHT

for Humanity EXTREME TECH
CHALLENGE

SXSWi NEWSPACE
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It means we are
keeping Earth cool






