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US Methane Emissions Estimates

Onshore Technology:

• Aerial Surveys of US Onshore Oilfields

• Comparison of Technology for Onshore LDAR

• Public Satellites

• Private Satellites (GHGSAT)

• Aircraft Surveys

• Site level monitoring with drones

• Offshore Surveys

• Solutions based on LDAR

• References and further reading
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IEA Data Shows the Impact of Methane Emissions Reductions

Sources: GWP Methane = 25 (IPCC AR4, 2007) 
EPA GHGe Calculator (2018)

The IEA estimates the vast 
majority of possible emissions 

reductions up to 2030 from the 
oil and gas sector will come 
from methane reductions.
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Nasa-JPL (Passive Infra-Red) Survey of the Permian

Emissions Kg/Hr

Source: Intermittency of Large Methane Emitters in the 
Permian Basin. Daniel H. Cusworth,* Nasa-jpl
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Comparison of major sources of emissions from JPL Survey

18%

33%

18%

19%

12%

Source Type

Well Site Tank Batteries

Gathering Pipelines Compression

Processing Plants

Source: Intermittency of Large Methane Emitters in the 
Permian Basin. Daniel H. Cusworth,* Nasa-jpl

29%

23%

48%

Source Persistence

Persistent Intermittent Highly Intermittent

Based on this, criteria for effective LDAR and monitoring of Oil and Gas Operations are;

- Cover everything across upstream and midstream; tanks, wells, flares, processing plants, 

gathering lines and compressors.

- Make regular flights to catch and analyze root cause of intermittent emitters

- Venting and unlit flares represent low hanging fruit for reductions

To cover everything regularly, requires highly efficient (airborne) monitoring.
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Scale and Threshold for Remote Sensing
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Threshold kg/hr at 3m/s windspeed

Bridger 
Photonics 

(LiDAR)

Seekops
Drone

Kairos 
Aerospace 
(Passive IR)

25m

7000m

3m

3m

<3m

Physical trade off 

between speed, 

coverage, altitude, 

Threshold, resolution and 

ultimately cost per site.

Methane 
SAT*

400m

Resolution 
(meters)

Technology

Coverage

Other Passive IR Sensors 

are (AVIRIS-NG)& Global 

Airborne Observatory 

(GAO)

GHGSat also has aircraft 

passive IR Sensor

*MethaneSat Planed 

launch Q4 2022.
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Different Scales of Surveys Give Different Results

18%

33%

18%

19%

12%

JPL/NASA Permian Passive IR Survey

Well Site Tank Batteries Gathering Pipelines Compression Processing Plants

CAMS (Bridger Photonics) 
LiDAR Permian Survey

Larger, wider scale JPL 
survey sees larger 

emissions and more from 
gathering lines and well 

sites

Smaller more 
sensitive CAMS 

survey sees more 
small onsite 

emissions
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Sensor Platform 
& Altitude

Survey Rate / 
Coverage

Detection 
Threshold *

Spatial 
Resolution
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Passive IR 
spectroscopy

Satellite
(300 mi)

Global
1,200

sq mi/day
~120 mscf/d 80ft x 80ft Yes No No

Passive IR 
spectroscopy

Fixed wing
(3200 ft)

100-150 
sq mi/day

~12 mscf/d 10ft x 10ft Yes No
VFR 
Only

Point
concentration 

Drone
(5 to 300ft)

5-15 
sites/day

<24 scf/d
(site level)

~3 -10ft No Yes yes

OGCI Climate Investments Methane Technology Portfolio

**All sensors have dependency on wind speed for threshold, number quoted are for low wind speeds ~3 m/s

*Kairos Guarantees detection of any source above 40mcf/d

GHGSat also has passive IR Aircraft variant in operation in the US with excellent performance

Source METEC trials, Stanford blind testing of Kairos, and company public specifications
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Methane Satellite Comparison

Instrument / 
Satellite

Coverage
(swath)

Operator/ Class Launch Detection 
Threshold 

(Kg/h)

Pixel size/ 
resolution (m)

Reference

TROPOMI 
Sentinel 5-P

Global Public 
/spectrometer  

2017 4,000* 7,000 x 5,500 http://www.tropomi.eu/

GHGSAT D Targeted 
12x12km

Commercial/ 
spectrometer 

2020
2021

120 25 x 25 www.GHGSAT.com

PRISMA Push broom
30km

Public/
250 band 
Hyperspectral

2019 >3,000** 30 x 30 https://earth.esa.int/web/eop
ortal/satellite-
missions/p/prisma-
hyperspectral

Sentinel 2 
(A/B)

Push broom 
290km

Public/
13 band 
Hyperspectral

2015 >3,000** 20 x 20 https://sentinels.copernicus.e
u/web/sentinel/missions/senti
nel-210m visible/

Worldview3 
(Maxar)

Push broom 
13km

Commercial/ 
28 band 
Hyperspectral

2014 Unknown
>500? **

1.2 x 1.2 / 
30 x 30

https://earth.esa.int/web/eop
ortal/satellite-missions/v-w-x-y-
z/worldview-3

Methane 
SAT

Targeted
200km x?

NGO – Public / 
spectrometer 

2022/23 500-1,000 
(site level)

130 x 400 https://www.methanesat.org/

Carbon 
MAPPER

Push broom 
18km?

NGO – Public / 
spectrometer 

After 2023? 50-150 
Estimated?

30 x 30 https://carbonmapper.org/

*Note threshold estimated by U.Columbia, not proven by controlled release
**Unknown estimated based on spectral resolution or literature
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GHGSAT Capabilities

• Each satellite can get an 7 mile square “image” on each overpass
• GHGSAT has 3 satellites today, increasing to constellation of 10 in the near future
• More satellites means more frequent observations, 10 satellites gives near daily observations

14

Kairos Aerospace Capabilities

• Architecture: Simultaneous methane & high-res optical 

imaging

• Detection method: Aerial absorption IR spectroscopy

• Computed Values: Leak rates

• Sensitivity: 

• 3 MCF/day (2.4 kg/hr) –Ideal conditions

• 40 MCF/day (32 kg/hr) – Guaranteed threshold.

• Calibration: Software continuously monitors 

performance

• Coverage: 100 to 150 sq. miles/day/plane

• Ground Resolution: 10 ft. (methane), 18 in. (optical)

• Altitude: 3,000 ft

• Operator surveys only, not regulators & NGO’s

7
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Drone Sensor Technology based on NASA Mars Rover Sensors

SeekOps sensors are drone-mounted 

methane detectors which detect, 

localize, and measure site level total 

gas emissions. 

Efficient: Up to 5x faster than OGI leak 

detection surveys.

Versatile: Unlimited mobility in 3D

 Measure site level total emissions

 Parts-per-billion sensitivity

 Actionable Data

Platforms: Unmanned Aerial Systems

 Multirotor Systems

 Fixed-Wing long range UAV’s 

operating offshore

Source: METEC

Site Level Quantification

SeekOps: Ultra Low Threshold, Site Quantification

• SeekIR® Drone Emissions Surveys

• Detection & quantification down to 0.1kg/hr
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Offshore Applications: UK North Sea (OGTC Project)

SPE ATCE - Thursday, 23 September

Development Of Methods For Top-down Methane 
Emission Measurements Of Oil And Gas Facilities In 
An Offshore Environment Using A Miniature Methane 
Spectrometer And Long-endurance UAS
B.J. Smith, S. Buckingham, SeekOps Inc.; D. Touzel, BP; 
A.M. Corbett, SeekOps Inc.; C.A. Tavner, Flylogix
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LDAR With Aircraft Case Study: Permian Basin

10

Aerial survey results have allowed Pioneer to significantly 

reduce methane emissions while simultaneously improving 

safety and efficiency, reducing costs, and reducing vehicle 

traffic.

Reduced

40%
Methane 

Emissions

Improved 

Detection 

Accuracy

77% to 96% 

Reduced

200+ work hours

1000+ driving hours

By each aerial Survey

Between 2016 and 2018, Pioneer Natural Resources’ methane intensity has declined approximately 41%.

Multi-year case study with Pioneer Natural Resources

SPE-201312-MS
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Solutions Based on LDAR: Feedback to EPA

Source: 
https://eartharxiv.org/repository/object/2532/download/5160/

Operator feedback showing 
aerial technology for LDAR led to 
>80% reduction in methane in one 
year.

Presented to EPA Methane 
Workshop
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Aerial Detection Technology Summary

• Distribution and type of emissions are now well 

known from aerial surveys

• Aerial and Satellite detection methods are proven 

effective in real world applications

• Operators report finding larger volume of methane 

than with OGI Surveys at the same sites

• Rapid reductions in methane emissions are 
reported as a result of aerial surveys

• Surveys should be regular and cover all potential 

leak sources

• Finding and repairing large leaks quickly is cost 

effective or profitable

• Aerial Surveys should be a reasonable first step for 

all upstream and midstream operators.
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References and Further Reading

1. Recent EPA workshop presented excellent content on all areas of methane monitoring. 

• https://www.epa.gov/system/files/documents/2021-08/epa-methane-detection-virtual-workshop-
august-2021-final-agenda.pdf

• https://www.youtube.com/watch?v=KfY50npQ0sM

• https://www.youtube.com/watch?v=lQcUhMG24X0

2. JPL study on emissions in the Permian (Cusworth et al)

▪ https://pubs.acs.org/doi/10.1021/acs.estlett.1c00173

3. Summary of Satellite Monitoring by University of Columbia

▪ https://www.energypolicy.columbia.edu/research/commentary/nowhere-hide-implications-policy-
industry-and-finance-satellite-based-methane-detection

4. Multi-year case study with Pioneer Natural Resources: SPE-201312-MS 

▪ https://onepetro.org/SPEATCE/proceedings-abstract/20ATCE/3-20ATCE/D031S034R004/449845

5. Blind testing of technology at METEC facility

▪ https://ngi.stanford.edu/sites/g/files/sbiybj14406/f/373-6463-1-PB.pdf

6. Blind testing of Kairos Aerospace technology

▪ Single-blind test of airplane-based hyperspectral methane detection via controlled releases 
(eartharxiv.org)

Questions
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NEW TECHNOLOGIES FOR FLARING 

AND VENTING ELIMINATION

D E E P  D I V E  I N T O

25 Years Perfecting the Way the World 

Handles Waste Gases

Clear Solutions Clean Skies

Reduce

Emissions

Transparent 

Emissions 

Data

Optimize

Efficiency

Audrey Mascarenhas
President and CEO 

Questor Technology Inc

OUR FLARING AND VENTING PROBLEM

The oil & gas industry alone globally flares over

14.5 billion standard cubic feet per day1

35% of the  worlds GHG emissions:  

Problem – Impacts air quality, emits particulates, 

VOC’s, methane and it’s a significant waste of energy

Methane emissions have been 
significantly underestimated

1. Global Gas Flaring Tracker Report, GGFR, The World Bank, July 2020

Kayrros estimates from satellite imagery that over 
1Gt CO2e annually comes from non-routine venting

24
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METHANE AND ENERGY EFFICIENCY
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OPPORTUNITY FOR CLEAN POWER

1. Global Gas Flaring Tracker Report, GGFR, The World Bank, July 2020

Each Q5000 can generate 9MW power at a cost of $22MM

$110B investment would supply 45 GW power ($2500/kW)

Replacing approximately 20 average size nuclear plants. 

Assuming $0.08/kWh - $32B revenue / yr. 

Over a 10 year project life

Capital   $110B
Revenue $320B
Reduce GHG emissions 10G tCO2e at a (- $21/tCO2e )

Clean energy and clean air for disadvantage populations

Oil and Gas production, Gas processing, Oil processing, Refining and 
Petrochemical, Pipelines and Utility distribution

• Engine/Compressor, Facility and Pipeline maintenance

• Engine/Compressor soft starts

• Process units – dehydration, amine, etc.

• Well unloading, Flow backs, well testing and workovers

• Truck, Rail and Ship loading

• Emergency Shut Downs - ESD’s, PSV’s

• Abandoned and Suspended wells

SOURCES OF METHANE EMISSIONS 

28

Current focus: Leaks, Tank vapours, Pneumatics and Compressor seals
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Its not just 
about Climate 

Change 

Sustainability, 
Energy 

Efficiency, Trust 
and Doing the 
Right Thing

Safety, Operating 

& Capital Cost 

Reductions

Air Quality and 

GHG Emission 

Reductions

VOCs, HAPs, Methane, 

GHG emissions

Methane is 86x worse 

than CO2 from a GHG 

warming perspective

Community 

Acceptance and 

ESG Initiatives

Energy Efficiency

Power generation 

from waste heat, 

reduce op costs, 

reduced diesel 

usage, minimize 

fuel gas usage

ROUTINE AND NON-ROUTINE FLARING AND VENTING

29

NOWHERE TO HIDE – ACTION NEEDED FAST

30



9/8/2021

16

ELEPHANT IN THE ROOM

31

• Assumption that a flare is 98% efficient

• 10% Flares unlit

• Vented volumes unreported -
Maintenance, well unloading and soft 
starts

32
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• ND State recognizes 99.5% efficient technology – High 

efficiency program

• Federal lands (EPA) allows the assumption that a flare is 

98% with no requirement for proof

• Industry and the community know this is not true

• Industry willing to adopt technology to address the 

community concerns

• Dis-incentive to do the right thing

• Challenges in other states; PA, NM, TX……

• Searching for the loop holes

• Disconnect with what’s actually going on in the field and 

the CEO statements

THE CHALLENGE IN ND

Questortech.com
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PIPELINE AND PLANT 
MAINTENANCE - VENTED 
BLOWDOWNS

PIPELINE BLOWDOWN – COLLEGE 
STATION TX – 5MMSCF/D
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•Metal Building 40’ Away  •Victoria Avenue Location 

•50’ 
•40’ 

•30’ 

•100’ 
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•80’ 

•64dB 

•20’ 

•Vent Door  

•1 0 ’  

•69dB  

•65dB 

•66dB •# 

•* 

•72dB •Q-5000 

•76dB 
•Note: At 80’& 100’ the 

•actual road, traffic noise 

•was louder than the 

•Enclosed Flare System 

•83dB 

Temperature Readings: 
#Side of Q5000 – 182 Deg. 
*Vent Door on Q5000 – 565 Deg. 
Side of Building, @ 40’ away was 10 Deg. Above Ambient 

MIDSTREAM – PIPELINE SERVICES 

38
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• 300 Mscf/d flared at 95% efficiency

• Cleanly combusting the gas at 100% efficiency reduces 

GHG emissions 2190 t CO2e/yr.

• Generate 200kW from the waste heat reduces GHG 

emissions 1000 t CO2e/yr. At $0.08/kWh this generates a 

revenue of $140k/yr

• Assuming a 10 year project life 

• Capital $1MM

• Revenue $1.4MM

• 31,900 t CO2e reduced at a  -$13/t

• Assuming an carbon offset is worth $50/t – 1.6MM or 

>100% ROI

NET ZERO AT AN OIL BATTERY

Questortech.com

CCS

• 2 CCS projects in Canada

• Boundary dam - $1.5 billion – 1MMt/yr

• Quest - $1.35 billion – 1MMt/yr

Methane Abatement 

• 13 oil battery sites venting 

associated gas - $8.5MM –

450,000t/yr.

• Costs included 3-200kW waste heat 

to power units to eliminate diesel 

power generation

• $20MM – 1MMt/yr

OPTIONS TO NET ZERO - CCUS VS METHANE

“Methane abatement is the low hanging fruit”

The CO2 generated from cleanly combusting the methane in an enclosed system can 
easily be  fed to any CCUS facility – a “double  benefit impact”

46
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CLEAN COMBUSTION OPPORTUNITY IN NEW MEXICO

Being able to detect and quantify those emissions and provide abatement solutions such 

as clean combustion with a stable efficiency would lead to approximately 6.9 Mtonne 

CO2e/year (based on methane GWP of 25) of emissions avoidance based on the reported 

average methane emission rate of 310,000 tonne/year [5]. In a voluntary market with 

the price of carbon at 5 $/tonne CO2e, providing abatement solutions in a holistic 

approach by identifying the major contributors to the reported emissions and solving the 

right problem will result in an approximately $ 34.7 M / year of carbon offsets in only 

New Mexico. 

Source: Robertson, A.M.; Edie, R.; Field, R.A.; Lyon, D.; McVay, R.; Omara, M.; Zavala-

Araiza, D.; Murphy, S.M. New Mexico Permian basin measured well pad methane 

emissions are a factor of 5−9 Cmes higher than U.S. EPA esCmates. Environ. Sci. Technol. 

2020, 54, 13926–13934. 

• Time for action is now – we know we have a problem

• Missed 90% of the emissions with the current regulations.

• Flares assumed to be 95-98% efficient hence perpetuate the status quo

• The cost effective proven path to reducing GHG emission - eliminating flaring and 
venting of methane and waste heat to power energy efficiency solutions

• Low cost abatement technology solutions available - 80% of the way

• The solution to climate change is counterintuitive – changing one green house gas to 
another – methane to CO2

• Data has changed the game – no greenwashing

• Clear performance based regulation

• At stake is investment $, market for our products, social licence to operate, our planet

• Marginalized communities impacted the most

“We need to create the future that our children deserve”

CONCLUSIONS

50
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