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24/7 Autonomous Monitoring
Leak Detection System

JOIN THE REBELLION!
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Rebellion Photonics, Methane (1.0km)
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Rebellion PhotonicsH ESE

Robert Kester at Rice University, fff 3% 2 Ai SR #8152
2009FH Robert Kester and Allison Sawyer Bl 17

Located in Houston, TX

2017 — Houston’s 7t fastest growing Company
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47 °C, 116 °F

Blackbody Radiation
Light Intensity vs. Wavelength

Blackbody Radiation
Light Intensity vs. Wavelength
29°C, 84 °F

12°C, 53 °F

2,500 °C, 4,532 °F

2000 °C, 3,632 °F

-6°C,22°F
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Each Gas Has Distinct Absorption Signatures

PR N T

Wavelength (Micrometers)
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Blackbody
Radiation
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' |standard GCl | Mini GCI

Relevant
Applications

Refineries
Chemical Plants
LNG Plants
Pipelines

Tank Farms

[ Hardware Product Family ]

§
'Mini Skid | Mini-Ex GCI Micro GCI
Refineries Onshore Offshore Mobile
Chemical Plants Wellpads Production Evaluations
LNG Plants Drilling Rigs Platforms LDAR

Power Plants
Industrial Plants



\ ,l EQ r @ = |T LION [ Proprietary Cloud-Based Software Suite |

Spectra Cloud-Based Software Platform Enables Effective Remote Monitoring

Cloud Server
= Store Software
s Push Updates
= Secure Data Storage'

— S

Rebellion Headquarters

s Develop New Speclra Features

= Release Updates To Cloud

= Remotely Monitor GCI System
Technical Health

Control Room Terminal GCI Systems

Located In Field

= [ntegrated Into Customer’s DCS

s Control GClI Movement And Zoom Low Maintenance

s Customize Alarms Self-Calibrating

= View Camera Video Annual Software Fee
» [LogAlarm Data Per Installed GCI

' Cloud use and data storage set up to comply with customer security protocols

W dREBELLION
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N " REBELLION [ Machine Learning Analytics |

Next FOV in 24 seconds.. ] " ) ‘.z
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Persen (259%)
Vehicle (30%)

u'! Farsen (Y9N)

Gas Fire Security



& REBELLION [ IR vs Hyperspectral ]
gl rrerenies

IR camera GCI detection overlay on VIS camera

Limitations of IR Cameras for Continuous Monitoring
« Cannot Differentiate Steam from Gas
« High False Alarm Rate
« Cannot Quantify




A& REBELLION [ Low False Alarm Rate ]
.3} PHOTOMICS

Rebellion Photonics: Propylene & Steam
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Very low false alarm rate < 1%



[ All Weather Detection — Fog ]

Detected Methane Leaks in Heavy Fog

Other Weather Conditions
*+ Show
+ Rain
* Night
« Windy (40 MPH)
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.
The Mini GCI Camera

Visible Camera

Hyperspectral
Imaging
Camera (Patented)

* Fix Mounted * Pan +180° (360° full rotation),
» 24/7 Continuous Monitoring Tilt £45°
* No Operator Required * Detection Out To 100 Meters

“q
gy REBELLION

CONFIDENTIAL



The Mini GCI Camera

Methane Leak
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Analytics

BB
SYERLTS
B
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Acetic Acid
Butadiene
Carbon Dioxide
Ethane

Ethanol
Ethylene
Hydrogen Chloride
Iso-Butane
Iso-Butylene
Iso-Pentane
LPG

Methane
Methanol
N-Butane
Propane

Propylene

R22
Unleaded Gasoline

Boron TriFluoride

1,1 - Difluoroethane
Benzene
Ethane/Ethylene/Propane Mix
Ethylene/Propylene Mix
Gasoline

HVN

Jet Fuel

LCN

LVN

MoGas
Propylene/Propane Mix
Toluene

Ultraformate

Vinyl Chloride

Xylene

Ammonia

Hydrogen Sulfide
Naptha

1,2 - Dichloroethane

Butane (Liquid)
Crude (WTI)

Diesel

Propane (Liquid)
Alkylate

Black Oil

C/U Jet
HCC/LSR/Isomerate
HGO

LCC/Poly

LCO & Regular D/O
Reformate
Resid/Asphalt
White Oil

RPG

OTHER

Intrusion

PPPPPPP



The Gas Cloud Imaging [GCl) camera uses snapshot hyperspectral imaging

to wisuslize and quantify gas release in real-time, allowing you to fix

problems before safety issues or environmental incidents cocur.

Product Specifications

Detection Approach

Detection time

Field of View

Position Control

Detection Range

Alertfalarm

False Alarm Rate

DCS Integration
Video Output
Weather Conditions

Temperature Range

Electrical Requirements

Connections

Snapshot Hyperspectral Infrared Imaging
<1 second

Long Range: 10.0° x 5.0°
Wide Field: 33.8° x 22,67

Pan+/-180% (360° full rotation), Tilt -45/+60°

Long Range: upto 1,700 m (5,577 ft)
Wide Field: upto 660 m (2,165 ft)

Fully automatic alarm with live visual display, audible alert,

ermail, and/or text message

=1%

hadbus TCPP

200 % 200 pixels (IR) /600 x 600 pixels (visiblelat 15 Hz
“falidated for all weather and light conditions

-40°Cto 55°C (-40°F to 131°F)

Camera: 24%0C, 10 & (peak), 5 A (continuous)
Pan/Tilt: 24DC, 12 & (peak), 6.4 & (continuous)

Analyzer 24 %DC or 120240 WaC (= 600 W)

3 Multi-mode Fibers, LC Connectors

= ] -

— e |

Minimum

Detection Level

Gas Species* {ppm-m}
Acetic acid 180
Ammonia 13.5
Benzene 125
Butadiene 125
Butane 250
Carbon Dioxide 1079
Ethane 250
Ethanol 15
Ethylene 250
Iso-Butylene 125
Iso-Pentane 40
Methane 250
Methanol 10
H-Pentane 20
Propane 200
Propylene 125
Sulfur Dioxide 20
Toluene 150
Winyl Chloride 2.5
p_or m-}{zlene 20

REBELLION

'HOTONICS

P . |



Speciation of Gases

Propylene PPM - M

Methane PPM - M

Rebellion Photonics miniGClI
Methane + Propylene. Distance: 5.5m

2016-05-06 15:26:02.46
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= @ Rebellion Photonics admin & -

m No Alarm
o
3J
o

Camera: miniGCI- | FOV: grass  PT: -34.51, -36.15

-

11 sec

Crude Oil on Dirt

UNDERGROUND-LEAK-OIL Alert! Jan 30

{ Cameras | Threshdds | Tools

2018 at 13:59:06 1hr ago - 32°
if >

miniGCI )03 | grass
UNDERGROUND-LEAK-OIL Alert! Jan 30
2018 at 13:51:35 1hr ago |

N Butane
miniGCI 3 | grass 28°

Propane

UNDERGROUND-LEAK-OIL Alert! Jan 30
2018 at 13:36:10 1hr ago

miniGCI-0 dirt

miniGC ir @ R E]
UNDERGROUND-LEAK-OIL Alert! Jan 30 24°

2018 at 13:28:10 1hr ago

Window Obscuration. 30 2018 g
14:25:25 53m ago Loe
F19°

Window Obscuration. Jan 30 2018 at L 15°
14:22:37 56m ago 01/30/2018 13:59:06

Jan 30 2018 15:27:10 PT: 34.88, -10.19 | FOV: Bo

""" )3 | office

Window Obscuration. Jan 30 2018 at
14:22:17 56m ago

miniGCL ( dirt

Jan 30
:02 56m ago

miniGCI-0 3

Window Obscuration.
14:21:34 57m ago

Version 2.2.0 3:27:10 PM January 30, 2018
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Video Management Software - Spectra

* Manage 100’s of systems from a single workstation
* Interface with DCS or SCADA systems

e Multi-view functionality in January 2018 release

* Fully autonomous, 24/7 automatic operation

PPPPPPP



Spectra Software - Mosaic View

Current FOV

5 p' AR

=

Predefined field of view (FOV)

This FOV has an unacknowledged alert <
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Standard GCl - & = 22 (& 3% hth

o 25 K 18 19 A S A ey B0

 Methane releases were performed at edge of facility = 1300 ft (400 m)
* We can monitor for gas leaks out to 1 mile (1.7Km)

W dREBELLION
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Site Assessment — Camera Placement Modeling for Tank Farm

Saves Opex: - Fully autonomous, 24/7 operation. No humans needed to monitor

1l GCl Camera2 §
T Rl (SW corner ISB)E

al
-
-y
2
ar
>
o
-
e

GCIl Camera 1
(Cal-A Warehouse) §

D & ,
; GCIl Camera 3 —
N (J&L control room) ,'[__.f;z;A —H 3
1.“0.‘#0 @ )

Sibslalelet]

GCl 1 & 2 Monitored Distance = 2000 ft (€00 m)
for detectable gas cloudsize= 228 ft{1 m)

GCl 2 Monitored Distance = 4000 ft (1200 m)
For minimum gss cloud size=6€6ft (2 m)

memmir v

W dREBELLION
w) .

FPHOTONIGC

CONFIDENTIAL



Pipeline Monitoring

Improves Safety: No need to explore hazardous gas plumes to quantify the leak

o Sng __ - .
T —~ S 3
kt <

N N\ Approx.Skm |
i0V5 S6anie ] C'// ; R

T-25 Tower

FPHOTONIGC

CONFIDENTIAL
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Methane Release & Detection @ 1km Distance

Rebellion Photonics, Methane (1.0km)
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Faraway Vision - 1500 meter detection

Distance: 1500m

W 4 REBRELLION
L5

@ I14J) FPHOTONICS



Benzene Release & Alarm

&«

[ Operations X

Y
C  ® 10.12.10.10

@ Rebellion Photonics

rt Camera Fov From
Benzene Alert! Jun 6 2017 at 14:45:

analyzer-16111521 | 98.7"

55 ago

N_butane Alert! Jun 6 2017 at 14:20:15 25m ago
analyzer-16111521 | 99.00, -23.00

Propane Alert! Jun 6 2017 at 14:18:42 27m ago
analyzer-16111521 | 98.78, -23.39

Toluene Alert! Jun 6 2017 at 11:45:34 3nr ago
analyzer-16111521 | Jetty1

Toluene Alert! Jun 6 2017 at 11:43:42 3 ago
analyzer-16111521 | Jetty3.1

Butadiene Alert! Jun 6 2017 at 11:36:48 3hr ago
analyzer-16111521 | Jetty1

Butadiene Alert! Jun 6 2017 at 11:36:16 3hr ago
analyzer-16111521 | Jetty3.1

Ping Failure Jun 6 2017 at 14:43:33 2m ago
analyzer-16111521 | N/A

Version 2.0.5-rc.4

Viewed in Spectra software

rebeltech @

@ Benzene
Ky

Jun 6 2017 14:45:45

v

Acetic Acid
Benzene
Butadiene
Ethylene
Methanol
N Butane
Propane
Toluene

Xylene

Camera: analyzer-16111521 | FOV:

2:46:09 PM June 6, 2017

Fully autonomous, 24/7 operation. No humans needed to monitor



Storage Tank Farm Monitoring

S S Camera location

* Providing 24/7 monitoring of Tank Farm

* Monitoring for 6 different gases simultaneously

PPPPPPP




Tank Battery Monitoring

Saves Time on Maintenance — leaks immediately identified

Combustion Efficiency from

Heater Treaters Gas Leak from Thief Hatch

— 10,000

' 8,000

~ 6,000

~ 4,000

~ 2,000

Ww-iWdd
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Industries Served by GCl Technology

LNG FACILITIES




Pipeline Leak Detection System at Chuandongbei Project ' -
DE ASH  Uroce east china sea Lt

NERIERASIE
Chuandongbei Gas Project

Dr. Min Chen

Vice President (China)
Unocal East China Sea Ltd.
November 15, 2017

U.S.- China Oil & Gas Industry Forum
REAHMKAS TR




Chevron

Project Overview

» 30-year Production Sharing

Contract (PSC) signed between
Unocal East China Sea, Ltd.
(“Chevron”) and CNPC in 2007.

+ Co-developed by Chevron

(Operator) and China National
Petroleum Corporation (CNPC).

* 49% participating interest by

Chevron, and 51% by CNPC.

+ Over 800 square kilometers in

Sichuan Province and Chongqing
Municipality in southwest China.

» 2 well pads, 30-km pipeline

network, 3-train sour gas
processing plant and sulfur plant.

]
ot gus et

*  Well Pad A Start-up: December
« Train 1 1stgas: January 25, 20
« Train 2 15 gas: April 7, 2016

« Train 3 1stgas: May 27, 2016

Leak Detection — Multiple technologies
deployed to detect leaks quickly,
enabling timely emergency response.

ATMOS pressure sensing

Low pressure safety system

Distributed temperature sensing
(DTS)

Distributed acoustic sensing (DAS)
Rebellion GCI cameras

Foot patrols

Intrusion detection

Mass balance

> s

q] @ E ;’m Unocal East China Sea Ltd

JIRIERASIE
Chuandongbei Gas Project




SELLELION |
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Case Study: Gas Leak Monitoring At Pernis Refinery, Rotterdam

GClis Deployed

Proposed future stack locations

1 Standard GCI
Long Range

Project Scope And Challenges

= System monitors for gas leaks in
Europe's largest refinery

= Monitoring for 8 different gases including
Ethylene Oxide

= DCMR — environmental regulator —
keeping a close eye on performance

Initial pilot location

Rebellion Highlights And Value Proposition

= First GCI System instalied in the EU

* Includes custom development of the analytic for Ethylene Oxide - the first analytic
ever developed to detect, identify and quantify EO

= Gases monitored: Ethylene Oxide; Methane; Ethane; Propane; n-butane; Iso-
butane; Propylene Oxide; Acryloniirile

= Future expansion is for an additional 2 or 3 GCIl Systems to be installed on very
tall stacks located in the eastern and western sections of the refinery requiring
custom-designed mountings
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