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Background

Methane is a powerful greenhouse gas that is responsible for >25% of the rise in global
temperatures since the industrial revolution. It has 84 times the warming power of carbon
dioxide over the first 20 years in the atmosphere. Methane contributed 11% of total U.S.
greenhouse gas emissions in 2020, and 32% of that was due to oil and gas systems, adding up
to 270 million metric tons CO2e in 2020 alone (Greenhouse Gas Inventory Data Explorer | US EPA,
2022).

The issue with these numbers is that operators in the U.S. oil and gas industry have historically
been able to choose from a number of different reporting methods under the EPA’s Greenhouse
Gas Reporting Program, and one popular method involves the use of “site-specific emission
factors”. In other words the basis for historical methane emissions from the facility level to
national inventories has been built on engineering factors rather than direct measurement. The
importance of direct measurement of detected emissions is finally rising along with
advancements in new technologies and algorithms to make those measurements. The EPA has
recently proposed strengthened rules around reducing methane emissions from oil and gas
(EPA Issues Supplemental Proposal to Reduce Methane and Other Harmful Pollution From Oil and
Natural Gas Operations | US EPA, 2022).

There are a limited number of studies of quantification accuracy and uncertainty across imaging
and non-imaging technologies, and often rely on the use of simulated plumes rather than
controlled releases under relevant field conditions. Peer-reviewed studies have looked at
multiple emissions quantification algorithms applied to satellite imagery, with varying degrees of
accuracy (Varon et al., 2018, 5673-5686). Point sensor network providers have begun publishing
their own internal white papers as well, but they lack consistency in the statistical methods used
to report accuracy and uncertainty.

The Global Methane Pledge, launched in November 2021, has 111 participant nations
responsible for 45% of global anthropogenic methane emissions who have committed to reduce
methane emissions 30% by 2030. Emerging technologies such as Kuva’s continuous monitoring
cameras will play a vital role in direct emissions detection and measurement at the facility level.
Operators and regulators need rigorous validation of emissions quantification performance. This
white paper provides preliminary results of Kuva System’s quantification accuracy based on
numerous field trials and controlled release experiments.
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The Kuva GCI360 System

Kuva Systems has commercialized the world’s first multispectral camera system that is
affordable enough to install across all upstream facilities, including tank batteries, well pads,
compressor stations and beyond. The GCI360 camera uses a passive Shortwave Infrared (SWIR)
sensor and scans each region-of-interest repeatedly to detect and measure emissions from a
distance, while pinpointing emissions to their source. Emissions images are processed on the
camera in real-time and uploaded over an ethernet connection or via LTE modem.

What makes the GCI360 affordable across all upstream operations is the nature of operation of
the camera. Rather than using a large format, expensive infrared sensor, we use a single pixel
and scan it across the scene in a 2D raster pattern to generate imagery that is processed
directly on the camera. A variety of algorithms then shape and evaluate this scan data to
generate images that clearly show the absence or evidence of emissions across the facility.

Once installed, the camera system can be fully autonomous, while operators interact with the
system via APIs or a web dashboard. The web dashboard provides a variety of configuration
options, similar to a home security system. Operators can scan what they want, when they want,
while extracting analytics of emission events over time. Power users often want access to more
of these configuration options, while light users may only want to interact with the imagery when
an emissions alarm is triggered.
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The GCI360 imagery shows pixel values, mapped to
color, that correspond to column density estimates
of gas at every pixel. In other words, we are actively
measuring the number of methane molecules
present at every scanned pixel in our image. The
units of these gas pixel values are ppm-m, or
concentration measured across a column distance.
Our quantification algorithms use these column
density values, along with local wind data as
provided by a camera-mounted ultrasonic
anemometer and other metadata, to compute leak
rate estimates of individual images, and average
those over emissions events.

The Importance of Monitoring Frequency

Now, it’s one thing to provide per-image estimates of methane emissions and it’s quite different
to be able to provide time-averaged emissions estimates at high frequency. Many emissions
detection technologies are inspection devices or systems, which provide snapshots of any
detected emissions at a point in time. Many operators and certainly regulators are concerned
with total emissions over time, in addition to identifying the root cause of those emissions so
they can be found and fixed.

Studies have shown that the intermittency of upstream emissions sources can produce highly
variable findings from infrequent leak surveys. In the Permian basin for example, multiple aerial
imaging inspections found that the average leak persisted only 26% of the time, and that more
than 6 consecutive flights were required to really capture the magnitude of this persistence
(Cusworth et al., 2021, 567-573). If an operator were to rely on a small number of inspections,
find a leak of let’s say 10 kg/hr, and assume it persisted over the course of an entire year, he or
she would estimate annualized emissions of 2,190 tons CO2e (using a GWP of 25). If that same
leak persisted only 26% of the time, as observed and measured by a continuous monitoring
system, they would find annualized emissions of 569 tons CO2e. Continuous monitoring will be
critical to the accurate measurement of annualized, intermittent methane emissions.

Multiple simulation models have been developed in recent years to simulate the effectiveness of
various standard and customized LDAR programs and detection technologies, including
LDARSim and FEAST. A given inspection technology may be more or less sensitive to smaller
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leaks when compared to another technology, but the frequency of inspections is key to the
overall emissions reductions achieved. This is where continuous monitoring offers advantages
over infrequent inspections.

Methods

Controlled methane releases were performed at the Oilfield Technology Center at Texas Tech
University from March - November 2022 using methods similar to those proposed under the
Advancing Development of Emissions Detection (ADED) - Continuous Monitoring Protocol,
developed at Colorado State University (Colorado State University, 2020). The operators at Texas
Tech were given parameters and preferred days to perform controlled releases, but other
parameters were blinded to the Kuva team during and immediately after testing. All releases
under these controlled experiments used 99% methane, vented at ~1 atm through a PEX
manifold sitting at ground level.

Two unique datasets were collected for the purposes of leak rate quantification development:

● Dataset #1 consisted of 338
individual gas images collected under a
fixed flow rate of 500 SCFH (9.3 kg/h),
from a variety of distances (50 - 180
meters between camera and release
point)

● Dataset #2 consisted of 249
individual gas images collected from a
fixed location 25 meters away from the
camera, and varying the flow rate
somewhere between 0 - 10 kg/h.
Dataset #2 was a single-blind study
where Kuva developers did not know
precise flow rate information or leak
start/stop times.
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Quantification Approaches

There are a number of techniques and algorithms used to quantify methane emissions, with a
wide range of accuracy and uncertainty among them, depending on the algorithm and the
sensor technology. One thing is common to all quantification methods, the more data the better.
This is where continuous monitoring, specifically Kuva’s image-based continuous monitoring,
shows its strengths. Not only do we collect > 100,000 pixels in each image used for
quantification, but due to the continuous operation of each camera, we maintain a refresh rate of
one image every 30-180 seconds during daylight hours, depending on number of fields-of-view.
This provides a trove of data to train a model and reduce average error on emissions estimates.

One method in use for decades in modeling atmospheric dispersion at large scales is the
Gaussian plume inversion method. This method relies on a dispersion parameter that depends
on a predefined atmospheric stability value. The fitting of an observed plume to the modeled
plume may be inaccurate if the observed plume deviates from steady-state Gaussian behavior
due to turbulent mixing. The short distances associated with installed, continuous monitoring
systems may invalidate the use of a classical Gaussian plume model for methane emissions
quantification from local sensors.

Another family of quantification methods applicable to Kuva’s imagery, essentially uses direct
measurements of methane column density at a sensor, computes a total mass of methane, and
uses wind speed and direction measurements to calculate an emissions rate. This is an
oversimplified description but these related algorithms essentially operate under this principle.
The primary sources of error using any of these  “mass balance” or “mass enhancement”
algorithms are 1) the accuracy of the column density estimation, and 2) the accuracy of the

© Kuva Systems 2023 6



measured wind speed. To limit the effects of 2), Kuva uses a camera-mounted ultrasonic
anemometer for local wind speed measurement.

Results

We have used the Gaussian plume model as a baseline to measure improvements to accuracy
of leak rate quantification on Dataset #1 and Dataset #2 (described in the Methods section).
Looking at the results of quantifying Dataset #1 (fixed flow rate 10 kg/hr and varying range), the
Gaussian plume method actually works quite well, with a mean error of 25% across all 338 gas
images. Below we plot a parity chart of actual flow rate normalized by range to the leak vs
predicted flow rate normalized to range. Each data point shown below is an average across one
emissions event, which could last between 10-30 minutes of constant flow rate. The “mass
balance” method yielded a mean absolute error of 43% on Dataset #1.

Looking at Dataset #2, where we held the leak location fixed at 25 meters from the camera and
varied the flow rate, the “mass balance” method performs better, with a mean absolute error of
37% across all 249 frames. The Gaussian plume method in this case produced a mean absolute
error of 138% due to many outlier frames that were severely under- or over-estimated. The
Gaussian plume method also displays a consistent bias towards over-estimation on this
dataset.
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An image sequence of one of the controlled release experiments clearly shows the dynamic
nature of the plume in a natural environment. Among this partial sequence, one could conclude
an average leak rate of 5.52 kg/h but the frame-to-frame variability is quite high. (In this
controlled test the true flow rate was 5.97 kg/h)
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After initial validation on
nearly 600 images of
controlled gas releases, one
implementation of a “mass
balance” algorithm for
methane emissions
quantification shows
promising results, with mean
percent error across all test
data of 24%. The 1-σ error
was 48%. This level of
accuracy exceeds other
continuous monitoring
technologies tested at the
METEC facility, where Kuva

also demonstrated strong results in probability of detection, localization accuracy and reported
zero false alarms during the entire test period (Bell et al., 2022).

Future Work

At Kuva Systems, we continuously strive to improve our products, including our continuous
monitoring camera hardware, web dashboards and user experience, and foremost the accuracy
and reliability of the insights we provide. Our Engineering and Field Operations teams are
already hard at work quantifying additional test data we have available from METEC controlled
release trials, additional internal test releases from Texas Tech University, and blinded releases
from trials with other academic and industry partners. This additional test data will inform the
general accuracy of our leak rate quantification in operational conditions from tank vents,
compressor blowdowns, and unlit flare detections.

In addition to analyzing this wealth of methane emissions imagery, we continue to build out the
automation of our leak quantification pipeline to make this capability available to all our
customers later in 2023. This robust quantification capability will enable site-level emissions
measurement for emissions reduction, operational efficiency improvement and open
opportunities in differentiated gas markets and certifications.
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Glossary

ADED: Advancing Development of Emissions Detection

EPA: U.S. Environmental Protection Agency

FEAST: Fugitive Emissions Abatement Simulation Toolkit

GPM: Gaussian Plume Model

GWP: Global Warming Potential

LDAR: Leak Detection and Repair

METEC: Methane Emissions Technology Evaluation Center at Colorado State University

OGI: Optical Gas Imaging
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