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Damn Satellite, Part 2 – Damn Airplane & CH4 

By John Benson 

October 2021 

1. Introduction 
The original “Damn Satellite” Post is described and linked below: 

Damn Satellite: It was just three years ago. Jerry Brown was in his second 
Governorship, and was in a running battle with the then president (I forget his name). 

California Gov. Jerry Brown started the week by signing a pair of actions to get his state 
to use nothing but electric power drawn from green sources like wind and solar by 2045. 
He ended the week Friday with a surprise: The state would launch its “own damn 
satellite” to track down greenhouse gas emitters who fuel global warming. 

“In California, with science under attack, in fact we’re under attack by a lot of people, 
including Donald Trump. But the climate threat still keeps growing,” Brown told delegates 
at Moscone Convention Center, near the city’s financial district. “With science still under 
attack, we’re going to launch our own satellite, our own damn satellite, to figure out 
where the pollution is.” 

Now California and other like-minded organizations have put together a consortium to 
launch our “damn satellite,” and this includes funding. The program is called Carbon 
Mapper.  

This post provided a summary of this program. 

https://energycentral.com/c/ec/damn-satellite  

When I started this post, I looked briefly at the Carbon Mapper site (and other sources) 
to see if there had been any significant new developments, there was one small 
development (see below). Carbon Mapper is apparently still on track to launch the first 
satellite in 2023 and have a reasonable constellation up by 2025. 

However these satellites will only identify large sources at large-scales, so I decided to 
drill down to scales where significant sources of one problematic greenhouse gas 
(GHG), methane (CH4), can be identified.  

2. CH4 
Methane is a more-powerful greenhouse gas than carbon dioxide for some time after 
being released. Specifically, The Intergovernmental Panel on Climate Change (IPCC) 
has indicated a global warming potential (GWP) for methane of 84 to 87 when 
considering its impact 20-yeara after being released and 28 to 36 when considering its 
impact over a 100-year timeframe. The GWP is the warming potential of a given 

https://energycentral.com/c/ec/damn-satellite
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greenhouse gas verses carbon dioxide (the GWP of CO2 = 1). Methane degrades into 
CO2, and carbon dioxide requires 300 to 1,000 years to degrade or be absorbed.1 

The major sources of methane and approximate emissions per year (2019) are:2 

 Enteric Fermentation, mainly from ruminants (cattle, etc., 178.6 MMTCO2e) 

 Natural Gas Systems (157.6 MMTCO2eq) 

 Landfills (114.5 MMTCO2eq) 

 Manure management 62.4 MMTCO2eq) 

 Coal Mining (47.4 MMTCO2eq) 

 Petroleum Systems (39.1 MMTCO2eq) 

 Wastewater Treatment (18.3 MMTCO2eq) 

 Rice Cultivation (15.1 MMTCO2eq) 

Note that only the top 8 emitters are provided. A large amount of additional information is 
available through the reference 2 link below. 

The second source (natural gas systems) is what we will focus on herein, as this is 
relatively low-hanging fruit, most large petroleum companies appear to be willing to 
remedy the emissions, and they have increasing reasons to do so, starting with the 
reasons described in the next section. 

For additional information, I will point you at an older post that drills down into methane 
sources. This is described and linked below: 

The Path to Net-Zero: Part 2 of this series is about reducing methane emissions and 
financial incentives that will drive down GHG reductions, including Cap and Trade and 
Carbon Fee and Dividend Systems. 

https://www.energycentral.com/c/ec/path-net-zero-%E2%80%93-part-2-rev-b  

The latter part of the above-linked post is on financial incentives, and this will be useful 
as you will find out in the next section. 

3. Federal Regulations on Methane 
Policymakers have gotten the memo about methane’s outsized role in climate change, 
and thankfully, they’re swinging into action to reduce methane pollution, including a new 
U.S.-EU pledge to cut methane emissions 30 percent. But since the promised cuts can’t 
cover all methane sources, there is uncertainty about how far and how fast they will 
lower atmospheric methane levels. The best strategy is a two-track approach: 

                                                 
1 Alan Buis, NASA's Jet Propulsion Laboratory, “The Atmosphere: Getting a Handle on Carbon Dioxide,” 

Oct 9, 2019, https://climate.nasa.gov/news/2915/the-atmosphere-getting-a-handle-on-carbon-dioxide/  
2 U.S. Environmental Protection Agency, “Inventory of U.S. Greenhouse Gas Emissions and Sinks,” Oct 

01, 2021, https://www.epa.gov/sites/default/files/2021-04/documents/us-ghg-inventory-2021-main-

text.pdf?VersionId=yu89kg1O2qP754CdR8Qmyn4RRWc5iodZ  

https://www.energycentral.com/c/ec/path-net-zero-%E2%80%93-part-2-rev-b
https://climate.nasa.gov/news/2915/the-atmosphere-getting-a-handle-on-carbon-dioxide/
https://www.epa.gov/sites/default/files/2021-04/documents/us-ghg-inventory-2021-main-text.pdf?VersionId=yu89kg1O2qP754CdR8Qmyn4RRWc5iodZ
https://www.epa.gov/sites/default/files/2021-04/documents/us-ghg-inventory-2021-main-text.pdf?VersionId=yu89kg1O2qP754CdR8Qmyn4RRWc5iodZ
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aggressively reducing emissions wherever we can, and where we can’t, developing 
ways to remove methane from the atmosphere.3 

In August, the new, dire Intergovernmental Panel on Climate Change (IPCC) report 
stressed that methane has caused a third of global warming (i.e. averaged over the last 
decade, compared to average temperatures in the late 1800s), driving at least half as 
much warming as carbon dioxide has. Atmospheric methane concentrations are rising 
fast — relatively faster than carbon dioxide — and posted their greatest annual growth in 
four decades last year. 

Scientists have called for action on methane, and governments are responding. Last 
week President Biden called the IPCC report a “code red for humanity” and announced 
that the U.S. and the European Union would cut their methane emissions 30 percent 
below 2020 levels by 2030. Meanwhile in the federal budget reconciliation process, the 
House Energy and Commerce Committee approved a new methane fee that would 
charge oil and gas companies $1,500 per metric ton of methane emissions over certain 
thresholds. And the EPA will soon announce tighter regulations requiring the oil and gas 
industry to find and fix methane leaks… 

Since atmospheric methane drives about a third of global warming, cutting it in half 
would noticeably reduce global warming in the relatively near future. Technologies for 
removing methane can also remove near-surface ozone, a global warming gas which 
also damages respiratory health, killing a million people each year. Two new Stanford-
led studies lay out a blueprint for coordinating methane removal research, and modeling 
methane removal’s benefits, including lowering peak temperatures and ozone pollution. 

As stated above, methane in 
the atmosphere has been 
increasing over time. See the 
chart to the right.4 

One of the major targets for 
Methane reduction (and this 
paper) is the Permian Basin 
(see map below). 

The Permian's first boom 
dates to the early 1920s, 
when a small group of 
investors placed an improbable bet on an oil well called Santa Rita No. 1. When it came 
in as a gusher, it triggered a land rush that helped to build Texas's legendary fossil-fuel 
industry. Many wells are decades old-far older than those in comparable fields, or plays, 
such as North Dakota's Bakken and Texas's Eagle Ford, where infrastructure is more 
reliable, says Artem Abramov, head of shale research at consulting company Rystad 
Energy. Hundreds of thousands of wells and pipeline sections have simply been 

                                                 
3 Rob Jackson And Daphne Wysham, The Hill, “Focus on methane is timely and appropriate  Sep 28, 

2021,” https://thehill.com/opinion/energy-environment/574286-focus-on-methane-is-timely-and-

appropriate  
4 Anna Kuchment, Scientific American (print issue), “Methane Hunters,” Page 64, Sep, 2021. Call (800) 

333-1199 to order this issue. 

https://thehill.com/opinion/energy-environment/574286-focus-on-methane-is-timely-and-appropriate
https://thehill.com/opinion/energy-environment/574286-focus-on-methane-is-timely-and-appropriate
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abandoned, their decaying seals and fittings leaking methane that rises .from 
belowground. 

4. Plugging the Permian 
Recently the Permian has become a laboratory for scientists to experiment with new 
ways of identifying emissions. Much of the impetus came from new Environmental 

Protection Agency and state regulations, enacted 
beginning in 2015 that mandated tougher air emissions 
and monitoring requirements for oil and gas 
companies. Researchers are piloting planes, flying 
drones, directing satellites and installing complex 
ground-sensor networks. New satellites scheduled to 
launch soon will track methane at global and local 
scales, making data freely available to anyone. 

There is a large gap, however, between measuring 
something and controlling it. New technology will have 
to be matched with stronger regulations and 
cooperation from a powerful oil and gas industry that 
prefers to police itself. ExxonMobil, BP and a few other 

major producers have pledged to cut their Permian emissions over the next two 
decades, but not all companies are making such promises, which are not binding 
anyway. A December 2020 survey by the Dallas Federal Reserve Bank found that only 
about one third of companies operating in the Permian had plans to reduce emissions or 
flaring. All of which is why people such as Robert Howarth, a biogeochemist and 
ecosystem scientist at Cornell University, argue that measuring methane emissions from 
individual sources and making that information public could be the best way to hold 
polluters to account. 

Since it is much easier to plug leaks than eliminate other sources of methane, fixing the 
Permian (and other major oil fields) is a relatively quick fix. 

If methane emissions from oil fields are low-hanging fruit, the Permian is a fertile 
orchard. An April 2020 study led by researchers at Harvard found that the basin emits 
enough methane to power seven million homes. The work concluded that the rate of 
methane leakage from the Permian is about 60 percent higher than the national average 
for oil and gas production sites. As many as one in 10 flares in the Permian malfunction, 
according to various estimates. And a recent EDF study found that Permian flares 
operate at only about 93 percent efficiency on average… 

4.1. Aerial Surveys 
Permian releases are also much larger, on average, than those in other basins, 
according to a June 2021 study in Environmental Science & Technology Letters. The 
basin "is qualitatively different from the other major methane-emitting regions we've 
surveyed around the U.S.," says Riley Duren, a co-author of the study and a research 
scientist at the University of Arizona and NASA's Jet Propulsion Laboratory. Growth rate 
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is a factor; at the height of production in 2019, companies were drilling 600 new wells 
per month.5 

"There are many more pressure points along that supply chain," Duren says. Nearly 
every component in that supply chain can leak methane. After a well is drilled and 
fracked, the liquids and gases that come up go through a separator that divides oil, gas 
and water. Oil goes to tanks, where it waits for trucks, or to a pipeline. Water flows to 
other tanks or pipelines for disposal. The gas is either flared at the well pad or piped to a 
network of gathering stations, compressors and processing plants that refine it into the 
natural gas that heats homes, as well as butane, ethane and propane. 

Small flares can be found beside tanks and wells; large ones are found at processing 
plants, says chemical engineer David T. Allen, director of the University of Texas at 
Austin's Center for Energy and Environmental Resources. Gas-powered controllers and 
valves are found on nearly every piece of equipment, across the byzantine 
infrastructure. "Each controller emits a relatively small amount of methane," Allen says. 
"But there are hundreds of thousands of them." This unfathomably large set of potential 
methane leaks is why scientists, environmental groups and some large fossil-fuel 
companies are pushing for ever sharper surveillance of the Permian.  

So far aerial surveyors … can trace emissions only to a general area and not to a 
specific piece of equipment… 

In a recent demonstration on a Zoom call, Duren showed me a video of the Permian 
shot from about 5,200 meters up by planes equipped with NASA-built imaging 
spectrometers, which detect methane and other gases based on the way they interact 
with light. The familiar… landscape appeared, but it was overlaid with bright red plumes 
where methane was leaking. "It looks like there are wildfires everywhere," he said. 

Author’s Comment: See images in section 4.2. 

The resolution is about three to eight meters, far sharper than most current satellites and 
low-flying aircraft. But even that precision is not quite enough to isolate point sources. "It 
can be difficult to determine the root cause without additional, higher-resolution data," 
Duren says. Also, infrastructure is constantly being added, which can make images even 
a few months old obsolete… 

Scientists will soon launch a new generation of sensors that can pinpoint individual 
facilities. Carbon Mapper, a collaboration by NASA, satellite company Planet, the 
University of Arizona, Arizona State University, the state of California, and others, will 
launch two satellites in 2023. Several more will follow in 2025 and beyond until Carbon 
Mapper has at least 18 craft flying through space. Eventually the constellation will 
provide daily sampling of 80 percent of the largest-known methane and carbon dioxide 
emissions areas around the globe, which occupy 7 to 10 percent of Earth's populated 
land area. 

Each image pixel will cover a square 30 meters on a side. The consortium will make 
data open so regulators, companies, environmental groups and the general public can 
search a Web site and track emitters. NASA and Planet are procuring components, and 

                                                 
5 Dan Cusworth, Riley Duren, et al, Environmental Science & Technology Letters, “Intermittency of Large 

Methane Emitters in the Permian Basin,” Oct, 2021, 

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

https://pubs.acs.org/doi/pdf/10.1021/acs.estlett.1c00173
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assembly and testing will begin next year. Meanwhile the consortium continues to 
conduct aerial surveys… 

Dolan predicts that companies will end up using their own combinations of technologies 
to stay on top of leaks. Dallas-based Pioneer Natural Resources conducts annual 
flyovers of its largest Permian facilities, and if spectrometers show high readings, the 
company sends in a ground crew with special cameras to pinpoint trouble spots. 
ExxonMobil, Pioneer, Chevron and others are working with Allen to test a ground-based, 
continuous-monitoring system called Project Astra. The goal "is to find super-emitters -- 
find them fast, and then you can get them fixed fast," Allen says. This fall the group will 
deploy about 50 to 100 ground-based sensors across up to 50 square kilometers of the 
Permian that contain roughly 100 oil and gas sites. The focus is unmanned installations 
such as well pads that have unintended emissions. Processing plants have employees 
who can catch such malfunctions, Allen explains, but "a well site may see a person only 
infrequently." 

A typical sensor will be small, solar-powered and attached to a pole, sending real-time 
measurements via cellular networks. Every day operators will see whether a site is 
operating properly, possibly malfunctioning or abnormally emitting methane. 
Researchers will test several types of sensors, including an inexpensive metal-oxide 
sensor developed by Scientific Aviation, which is also testing its own continuous-
monitoring system called Project Falcon.6 

4.2. Defining Super-Emitters 
A Scientist from Carbon Mapper, Dan Cusworth (also affiliated with The University of 
Arizona, JPL and CalTech), led a study to define strong point sources of Methane in the 
Permian: 

…In this study, we map and quantify strong CH4 point sources in the Permian Basin 
using the same airborne imaging spectrometer technology that was successfully 
deployed in previous studies. This technology allows for rapid, high spatial resolution 
mapping of large areas for strong CH4 emission sources whose locations and timing are 
often unpredictable. Studies have shown that emissions from O&G operations can be 
intermittent (i.e., highly variable…) or persistent (i.e., continuously emitting). We attribute 
each source to an emission sector (production, gathering and boosting, processing) to 
assess the supply chain distribution for strong super-emitting point sources above the 
instrument detection limit (10−20 kg CH4/h).5 

The figures below are domains surveyed by AVIRIS-NG and GAO during the airborne 
campaign from Sep-Nov 2019 (panel A), covering 55,000 km2 of total area, including 
39000 km2 in the Delaware Basin and 16,000 km2 in the Midland Basin. Black boxes 
represent the area surveyed at least once by the Global Airborne Observatory (GAO) 
instrument. White boxes represent where sites were revisited with the AVIRIS-NG 
instrument at least seven times during the campaign. Purple dots represent detected 
methane emission sources. Panel B shows methane plumes detected by GAO during a 
∼30 min interval on Oct 27th in the orange box in panel A, illustrating typical emissions 
from strong point sources in the Permian. Base map images are from Google Earth. 

                                                 
6 Steve Conley, Scientific Aviation, “Major Energy Companies Join Forces to Battle Methane Emissions 

Launching Project Falcon,” March 1, 2021, https://www.scientificaviation.com/major-energy-companies-

join-forces-to-battle-methane-emissions/  

https://www.scientificaviation.com/major-energy-companies-join-forces-to-battle-methane-emissions/
https://www.scientificaviation.com/major-energy-companies-join-forces-to-battle-methane-emissions/
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See below and the next page for Panel A and Panel B. 

Reference 4 strongly suggests that that many small producers, and perhaps even some 
large ones will do what they can to avoid cleaning up their act. However, as the 
monitoring methods improve, most will be driven to do so, or driven out of business by 
fines. 

 

In the meantime, all producers are doing what they can to dodge the regulations: Ceres 
and the Clean Air Task Force, revealed a surprising pattern: some major oil and gas 
companies are selling their most highly polluting assets to smaller, lesser-known firms 
that continue operations. Ceres and the task force found that 195 of the smallest 
producers account for 22 percent of U.S. emissions but only 9 percent of production. 

Scientists hope that the satellites and open data will not only clean up the Permian but 
also show the rest of the world how to better maintain its fossil-fuel infrastructure. 
Methane emissions are a global problem that needs a global solution. In 2020, for 
example, European Space Agency satellites found large plumes of methane coming 
from Russia's Yamal pipeline that supplies Europe with gas from Siberia. The Carbon 
Mapper … technology will eventually provide regular measurements of greenhouse gas 
emissions in major fields worldwide. 

All of which is why people such Robert Howarth, a biogeochemist and ecosystem 
scientist at Cornell University, argue that measuring methane emissions from individual 
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sources and making that information public could be the best way to hold polluters to 
account. 

 

Howarth says a big problem with the Obama-era regulations was that there was no built-
in verification mechanism. The government left it up to companies to report how much 
flaring and venting they were doing. Soon "anyone who has that [satellite] information 
can go and determine whether or not the industry self-reporting is accurate. I think that's 
a huge game changer," he declares. "When company X says it never vents, you can 
say, 'Well, that's not true. Here are the satellite data.' And that, presumably, would lead 
to action." 

5. Defining Small Emitters 
Some of the text above indicates, a (cumulatively) large amount of CH4 emissions 
comes from many small sources, especially in the oil and gas industry. Also defined 
above were methods that allow companies that really want to identify these small 
sources and remedy them can do so now. But then there are the companies that just 
want to maintain the status quo. How do we monitor them? Maybe with microfliers. 

A microchip the size of a grain of sand is the smallest human-made flying structure ever 
created, according to its developers...7 

                                                 
7 Ryan Morrison, Daily Mail online via MSN News, “Winged microchip the size of a grain of SAND is 

created,” Sep 22, 2021, https://www.msn.com/en-us/news/technology/winged-microchip-the-size-of-a-

grain-of-sand-is-created/ar-AAOHLlr  

https://www.msn.com/en-us/news/technology/winged-microchip-the-size-of-a-grain-of-sand-is-created/ar-AAOHLlr
https://www.msn.com/en-us/news/technology/winged-microchip-the-size-of-a-grain-of-sand-is-created/ar-AAOHLlr
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Scientists say the 'microfliers' could also be used to monitor air pollution and 
environmental contamination at scales not previously possible. 

There is no motor involved - the tiny device works like the propeller seeds of a maple 
tree, catching the wind to slow its fall as it glides towards the ground.  

By studying wind-dispersed seeds, engineers from Northwestern University in Evanston, 
Illinois, optimized the microflier's aerodynamics to ensure that when dropped from a 
height, it falls at a slow velocity in a controlled manner… 

So far, versions of the tiny devices have been fitted with air pollution sensors… 

The resulting structures can be formed across a wide variety of sizes and shapes, some 
with properties that can give nature a run for its money. 

 


