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AVOIDING, DETECTING AND CAPTURING
METHANE EMISSIONS FROM LANDFILLS

WEDNESDAY, JANUARY 31, 2024

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The committee met, pursuant to notice, at 10:03 a.m. in room
406, Dirksen Senate Office Building, Hon. Thomas R. Carper
(chairman of the committee) presiding.

Present: Senators Carper, Capito, Cardin, Whitehouse, Merkley,
Markey, Kelly, Padilla, Ricketts, Sullivan.

OPENING STATEMENT OF HON. THOMAS R. CARPER,
U.S. SENATOR FROM THE STATE OF DELAWARE

Senator CARPER. Good morning, everyone. We are pleased to call
this hearing to order.

Today, as you know, we are going to be discussing a topic that
is a priority for many of us on the Environment and Public Works
Committee, and that is reducing methane emissions from landfills
and how we can do that through deploying new and innovative
technologies while improving waste management and increasing
the use of existing solutions, like composting. We will also explore
how addressing methane emissions can create new jobs, a lot of
them, and provide new revenue streams for landfill operators.

Over the past couple of centuries, methane concentrations in the
atmosphere have more than doubled. Methane, as many of you
know, is roughly 80 times more potent as a greenhouse gas than
carbon dioxide. As a result, this super-pollutant is responsible for
roughly a third of the global warming our planet is currently expe-
riencing. I am going to say that again: this super-pollutant is re-
sponsible for roughly a third of the global warming that our planet
is currently experiencing, a third.

This makes cleaning up methane emissions one of the fastest
ways to mitigate global warming. In fact, according to the Intergov-
ernmental Panel on Climate Change, strong, rapid, and sustained
methane reductions are critical to limiting near-term warming.

Two years ago, I traveled with some of our colleagues to Scotland
for the United Nations (UN) Climate Change Conference (COP26),
and also with members of our staff. That is when the United States
and the European Union launched the Global Methane Pledge.
This agreement represents a collective effort to reduce global meth-
ane emissions by at least 30 percent over the next 10 years.

Today, more than 150 countries have signed onto that pledge.
One hundred fifty countries have signed onto that pledge. More re-
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cently, I attended COP28 in Dubai with a bipartisan delegation of
our colleagues led by Senator Cardin. There, governments and pri-
vate industries renewed their commitments to reduce methane
emissions.

As an original signatory of the Global Methane Pledge and sig-
nificant contributor to global methane emissions, the United States
must continue to do its part, our part, to drive domestic methane
reductions. In short, we need to provide what I call, and what you
probably call, leadership by example.

So, why should we focus on reducing methane emissions? To an-
swer that question, let me begin by sharing the age-old story of
Willie Sutton, whom as many of you will recall and members of our
committee have heard me say more than they want to remember,
I suspect, but he was a notorious bank robber during the Great De-
pressions. In fact, he robbed a lot of banks.

Finally, he was caught and taken to trial. They stood before the
judge, and the judge famously asked him, “Mr. Sutton, why do you
rob banks?” He replied, famously, “Because, Your Honor, that is
where the money is.” We can apply the same logic to today’s hear-
ing. We have to go where the emissions are and then find ways to
reduce them.

The good news is that we are well on our way to doing just that.
Thanks to the Methane Emissions Reductions Program in the In-
flation Reduction Act, the United States is advancing technologies
to detect and capture methane emissions from the oil and gas sec-
tor, as well.

Not only will these investments help us reduce emissions, but
they will also help us create jobs while recovering wasted energy,
enough to power nearly seven million homes every year. Let me
say that again: that is enough to power seven million homes every
year. That is a win-win for our communities, and it is a win-win
for our planet.

For this hearing, though, we are going to focus on the next fron-
tier of mitigating methane emissions, and that is landfills. In other
words, we are going to, my staff wrote this out for me, they like
this, we are going to talk trash. That is pretty good, isn’t it?

[Laughter.]

Senator CARPER. You may ask yourself, why are we concerned
about methane emissions from landfills? Landfills and their emis-
sions are largely out of sight and largely out of mind for most peo-
ple. However, landfill methane emissions are the third, that is
right, the third largest source of methane emissions in the United
States and globally.

So, where is the methane coming from? In the United States, we
send more food waste to landfills than any other materials. When
organic material, like food, breaks down in landfills, as you know,
it creates methane. If a landfill is not equipped to capture that
methane, it simply escapes into our atmosphere.

As many of our colleagues know, I care deeply about finding
meaningful ways to reduce our waste while promoting sustain-
ability. To that end, I am working alongside Senator Boozman and
Senator Capito to pass legislation that would strengthen our Na-
tion’s recycling and composting systems.
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While composting and waste diversion are important tools to re-
duce methane emissions from landfills, it is also important that our
landfills are equipped with technology that is necessary to mitigate
emissions for years to come.

For example, in my home State of Delaware, where one of our
witnesses has spent a little bit of time, a lot of time, actually, the
Delaware Solid Waste Authority mitigates methane emissions from
their landfills with collection systems. Local businesses then use
the gas that is collected to power their operations. Many landfills
across the Country use similar systems to capture what would oth-
erwise be wasted energy.

As members of our committee have oftentimes heard me say, we
need to find out what works and do more of that. In this case, we
also need to find ways to improve upon what is already working.
Deploying innovative methods and technologies to limit methane
leakage will go a long way toward reducing landfill emissions
across the United States.

Last, in order to fully address this problem, we must be able to
identify where the largest releases of methane from landfills are oc-
curring. In fact, over the last couple of years, new studies have
begun to reveal the scale of that problem.

Satellite monitoring, flyovers, and other enhanced emissions
monitoring technologies are playing a growing role in identifying
methane emissions from landfills. These newer detection tech-
nologies can help landfill operators quickly respond to large emis-
sion events. We will need diverse strategies to detect landfill emis-
sions going forward, because traditional methods have been unable
to produce accurate emissions data for landfills.

Let me close by reminding everybody that if we take action to re-
duce landfill emissions, it would have an immediate positive impact
on climate, on air quality, and on public health while also creating
economic opportunity across our Country, especially in our rural
areas.

My hope is that today’s hearing will help us further our commit-
tee’s understanding of how we can better detect and capture meth-
ane emissions from landfills and what strategies can keep meth-
ane-generating organic waste out of landfills in the first place.

Before we do that, I want to recognize our Ranking Member,
Senator Capito, for her opening statement. Senator Capito, good
morning.

OPENING STATEMENT OF HON. SHELLEY MOORE CAPITO,
U.S. SENATOR FROM THE STATE OF WEST VIRGINIA

Senator CAPITO. Good morning, and thank you, Mr. Chairman,
and thanks for holding the hearing. Welcome to our panel of wit-
nesses, and thanks for your willingness to testify.

As organic materials decompose in landfills, they produce landfill
gas containing methane, as the Chairman talked about, the main
compound found in natural gas. Due to the natural generation of
methane in landfill gas, landfills are now the third largest source,
I believe you said that, of methane emissions in the U.S. This may
be an environmental problem, but it is also an economic one, as
methane lost to the atmosphere could be used for energy or manu-
facturing.
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While there is more work to be done, and improvements can be
made, I want to acknowledge that the U.S. has made a lot of
progress in reducing emissions from landfills. Through innovation
thanks to the realization of its monetary value, the landfill sector
has significantly improved its capacity to collect and manage land-
fill gas.

Since 1990, U.S. landfills have reduced their greenhouse gas
emissions by 38 percent. Recycling rates are increasing, and
composting programs are taking off nationwide, meaning less
methane-producing materials are ending up in the landfills. Also,
the number of landfills are decreasing due to increases in oper-
ational efficiencies and improved land use.

In considering solutions to address landfill methane that benefit
the environment and economic development, it is essential that any
regulations are achievable and that incentives are targeted. This is
not what we have seen in the approach of this Administration, par-
ticularly from the Air Office at the Environmental Protection Agen-
cy (EPA), which has pursued punitive regulations that are impos-
sible to achieve, such as Clean Power Plan 2.0 and the misnamed
Good Neighbor regulations.

The Administration has also ladled our billions of funding for fa-
vored industries and causes which has been mired in red tape and
have not delivered the promised results. We do not want to repeat
those mistakes here, and it is important that Congress scrutinize
proposed regulations coming out of the Air Office that deal with
landfill methane.

Natural gas derived from landfill methane can be used to gen-
erate reliable electricity or be used as transportation of industrial
fuels, all of which promotes energy independence while reducing
emissions. I am concerned that the landfill sector is facing the
same approach that the Biden and the Obama administrations
have taken with regard to fossil fuels, where the goal is to make
then uneconomic, and then the EPA then works backward to
achieve that with crushing regulations.

For example, proposed changes to the Clean Air Act’s New
Source Review Program would create a burdensome regulatory
landscape for landfills seeking to implement technology innovations
to address fugitive methane emissions. Despite receiving increased
enforcement scrutiny for methane emissions, landfills have not
been able to access the emissions reductions tax credits by the so-
called Inflation Reduction Act, and have been shut out from the
EPA’s implementation of the Renewable Fuel Standard.

Did I say the Renewable Fuel Standard? This is an ongoing joke
with Mr. Nebraska over here.

[Laughter.]

Senator CAPITO. I am concerned this is the beginning and not the
end of political targeting of an industry that is necessary for our
economy, public health, and environmental risk management. In-
deed, the EPA will be considering several burdensome rulemakings
on landfills this year. The agency is currently evaluating multiple
rules related to New Source Review to penalize fugitive emissions
and require project emissions accounting in major permitting deci-
sions.
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The waste sector already experiences needless permitting delays
for deploying renewable energy projects that the Administration
supports. These rulemakings will only exacerbate the sector’s fre-
quent permitting obstacles, we see this across industries, and ag-
gravate the Biden Administration’s stated goal of reducing meth-
ane emissions.

The Administration will also need to review its New Source Per-
formance Standards (NSPS) and Emission Guidelines for Municipal
Solid Waste landfills under Section 111 of the Clean Air Act this
year. Environmental groups are already petitioning the EPA to set
more stringent air emissions standards on smaller municipal land-
fills.

There are bipartisan solutions in front of us today. There is
broad bipartisan agreement about the difficulties of monitoring and
measuring methane emissions from landfills. Development of new
technologies is underway and is essential to better detect and
quantify emissions.

Municipal landfills and local communities could benefit from ad-
ditional support from the EPA to research and evaluate cutting
edge technologies, but none of this will work if outdated regulations
like New Source Review stymie those upgrades at existing facilities
to recover methane and get it to the market.

I urge my colleagues to continue to work with me on permitting
reform and updating out-of-date environmental regulations, areas
within this committee’s jurisdiction, so we can ensure that emis-
sions-reducing technologies can actually get out to the market and
make a difference.

Thank you again to the three witnesses here today. I look for-
ward to our discussion.

Senator CARPER. Senator Capito, thanks for your statement.

I want to thank both minority and majority staff for your work
in putting this hearing together. It does not just happen by magic.
This is going to be, I think, an especially valuable hearing, a timely
hearing, and we are grateful for our witnesses, but also for our
staff in helping to make it happen.

Now, we are going to turn to our three witnesses. I am going to
take a moment just to briefly introduce you. We are grateful, again,
to all of you for helping us better understand and deal with what
is an important challenge, but really a great opportunity as well.

We are going to be hearing, in this order, from these three wit-
nesses, leading off with Mr. Tom Frankiewicz. Tom is a Subject
Matter Expert, I understand, on waste sector methane at the
Rocky Mountain Institute, a research organization known as RMI.
In this role, Tom leads RMI’s work on methane emissions mitiga-
tion and waste management and coordinates the organization’s
work with the global methane hub.

Before joining RMI, Mr. Frankiewicz worked in the Climate
Change Division in the U.S. Environmental Protection Agency for
over 16 years. He earned his M.B.A. from George Washington Uni-
versity School of Business, with a concentration in environmental
and strategic management. Welcome.

Our second witness is Tia Scarpelli, a Research Scientist and the
Waste Sector Lead for Carbon Mapper, a nonprofit organization
that uses remote sensing to detect and quantify methane emissions
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data. Dr. Scarpelli’s research interests include investigating the
characteristics of methane emissions at global landfills and dump
sites and the role that satellite observation can play in informing
the mitigation of waste sector emissions. She earned her Ph.D. in
atmospheric chemistry at Harvard University, and she brings a
vxiealth of knowledge of satellite observation and atmospheric mod-
eling.

Third, last but not least, we have Anne Germain, Chief Oper-
ating Officer and Senior Vice President of Regulatory Affairs for
the National Waste and Recycling Association. She has worked in
the field of resource conservation and materials management for
more than 30 years and has been with the National Waste and Re-
cycling Association since 2013. Prior to joining the National Waste
and Recycling Association, Ms. Germain worked for the Delaware
Solid Waste Authority for 19 years, where she served as chief engi-
neer.

Where did you live, did you live in Delaware?

Ms. GERMAIN. I actually lived in Caroline County, Maryland
while I was there.

Senator CARPER. Okay. She is a board-certified environmental
engineer with a master’s in civil engineering from the University
of Delaware.

I would just say to my colleagues, about a week ago, I happened
to be visiting one of the Delaware solid waste facilities for environ-
mental educational training for students. It is in Dover, and we
have thousands of students that come every year. They learn about
recycling, and actually, they learn about what we are talking about
here today. It was just pure joy to be there. If your old colleagues
had known that we were going to be with you today, I am sure
they would all send their best.

We thank you all again for appearing before our committee
today. We will now begin with our witnesses’ testimony. Mr.
Frankiewicz, you are our lead-off hitter. Please proceed with your
statement when you are ready. Thank you, and again, welcome to
everybody.

Welcome, especially, to Senator Markey. Please, go ahead.

STATEMENT OF TOM FRANKIEWICZ, SUBJECT MATTER
EXPERT, WASTE METHANE, ROCKY MOUNTAIN INSTITUTE

Mr. FRANKIEWICZ. Thank you, Chairman Carper, Ranking Mem-
ber Capito, members of the committee, thank you for the oppor-
tunity to appear before you today.

Senator CARPER. Can you hold for just a second? We all serve on
different committees. One of my committees, the Homeland Secu-
rity Committee, is meeting right now. They are voting. They need
me to come and join them, so I leave you all in good hands, right
here. Thanks.

Senator CAPITO.

[Presiding.] I got it.

Senator CARPER. I will be back.

Mr. FRANKIEWICZ. Thank you. I have three key messages for you
today: one, landfill methane pollution is a major threat to our cli-
mate and communities; we have viable solutions to cut emissions
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t?_day; and three, implementing these solutions will bring local ben-
efits.

Landfills are a major source of methane. Methane has about 80
times the planet heating power of carbon dioxide over a 20 year
time period. Thanks to its relatively short atmospheric life, cutting
methane today offers an immediate opportunity to slow global
warming and is essential to void the worst effects of climate
change.

Each year, we send over 140 million tons of municipal solid
waste to roughly 1,200 open landfills across the Country. The ma-
jority of the waste is organic, think banana peels and yard clip-
pings, generating methane as it decomposes in the landfills. Some
landfills capture their gas, but lots of methane still escapes into the
atmosphere.

In 2021, the methane released from U.S. landfills had the same
near-term warming impacts as driving 66 million cars for a year.
The true total is likely higher, as recent aerial surveys suggest. We
have viable solutions to address landfill methane: strengthen land-
fill emission controls and reduce organic waste disposal. It is time
we modernized air emissions regulations for landfills, expanding
gas collection, more comprehensive monitoring, and other common
sense improvements can limit the release of methane to the atmos-
phere and protect communities from other harmful co-pollutants.

At the same time, we must invest in infrastructure to keep
organics out of landfills. Waste prevention programs, food rescue,
and composting all help to avoid future landfill methane generation
and bring other local benefits.

On both fronts, we have seen State and local leadership. Strong
landfill emissions standards in three States, organic recycling poli-
cies in nine, and curbside composting in hundreds of communities
across the Country, and new commitments from the private sector,
as well. Federal action is needed to ensure that methane reductions
are achieved at scale. The EPA is statutorily required to revisit its
Clean Air Act regulations for landfills this year. The agency should
meet the challenge with Section 111 standards that reflect the lat-
est best practices in methane monitoring and control while encour-
aging organics diversion.

Congress can also provide funds to catalyze landfill methane re-
ductions. Building on the success of the Bipartisan Infrastructure
Law and the Inflation Reduction Act, additional grant programs
could prioritize local waste prevention programs, organic recycling
infrastructure, and landfill methane capture. The methane abate-
ment potential here is significant.

New EPA landfill standards can reduce emissions by amount one
million metric tons of methane per year, or 80 million metric tons
carbon dioxide equivalent. This is based on a preliminary analysis
by the Environmental Integrity Project using EPA data. These ef-
forts will help the U.S. meet its domestic climate goals while dem-
onstrating global leadership.

A more sustainable waste management system would bring local
benefits. Landfills release toxic, smog-forming gases and odors that
harm the health and well-being of nearby communities. More effec-
tive landfill methane controls would also address these co-pollut-
ants, improving local air quality and life. Keeping organic waste
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out of landfills can bring further benefits, addressing food and se-
curity, creating job opportunities, and producing compost to im-
prove soil health. For both stronger landfill emission controls and
organics diversion programs, the cumulative benefits exceed the
implementation costs.

In closing, I would like to leave you these three points: landfills
are a major source of methane pollution, but we have solutions to
reduce these emissions today. By acting now, through stronger
standards, we can limit near-term warming and bring real benefits
to communities.

Thank you, and I look forward to your questions.

[The prepared statement of Mr. Frankiewicz follows:]
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Statement before the U.S. Senate Committee on Environment & Public Works
Avoiding, Detecting, and Capturing Methane Emissions from Landfills

Testimony of:
Tom Frankiewicz
Principal, Subject Matter Expert, Waste Methane
RMI (Rocky Mountain Institute)

January 31, 2024

INTRODUCTION
Chairman Carper, Ranking Member Capito, and Members of the Committee: thank you for the
opportunity to appear before you today.

My name is Tom Frankiewicz, and | lead Waste Sector Methane mitigation at RMI, an independent,
non-partisan, nonprofit organization working to accelerate the clean energy transition and improve
lives. Before joining RMI, | worked for more than sixteen years at the United States Environmental
Protection Agency.

| am excited to speak with you today about the readily available, low-cost strategies to prevent and
reduce landfill methane emissions. Fast action to curb landfill methane emissions will help to limit
near-term warming, advance U.S. climate commitments, and deliver substantial benefits to local
communities.

THE PROBLEM

Accelerated methane abatement is crucial to limit temperature rise over the near term and
avoid the worst impacts of climate change. Methane is the second most abundant greenhouse
gas after carbon dioxide, and the concentration of methane in the atmosphere has more than
doubled over the past 200 years.' Scientists estimate that methane is responsible for about 30
percent of global warming since pre-industrial times.?

Methane has outsized impacts on near-term temperature rise. In the first twenty years after its
release, methane has more than 80 times the heat-trapping power of carbon dioxide. But since
methane only lingers in the atmosphere for about a decade, compared to centuries for CO3,
reducing methane emissions today provides an immediate opportunity to slow global warming and

" "Methane,"” NASA Global Climate Change, 2024, hitps://climale.nasa.gov/vital-signs/methana/,
*“Methane emissions are driving climate change. Hera's how to reduce them.,” United Nations Environment Programme (UNEP),
August 2021, hitps:ifwaww.unep.org/news-and-stories/st methane-amissl driving-climate-change-heres-how-reduca-them.
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limit the risk of dangerous climate tipping points.? Pairing decarbonization with mitigation
measures targeting short-lived climate pollutants like methane can slow the rate of warming a
decade or two earlier than decarbonization alone.*

Our methane strategy must target the waste sector, a major source of heat-trapping
emissions. Globally, the waste sector is responsible for about 20 percent of anthropogenic
methane emissions.® In the United States, municipal solid waste (MSW) landfills are the third-
largest source of human-related methane emissions, accounting for 14 percent of the total.® In
2021, U.S. MSW landfills emitted an estimated 3.7 million metric tons of methane according to the
U.S. Environmental Protection Agency (EPA)'s inventories, or about 295 million metric tons of
carbon dioxide equivalent (MMT CO.e) on a 20-year time horizon. That’s equivalent to the annual
greenhouse gas pollution from 66 million gas-powered passenger vehicles or 79 coal-fired power
plants.” In 37 states, a landfill was the single largest industrial methane emitter reported to EPA’s
Greenhouse Gas Reporting Program (GHGRP) in 2021.2

Each year, more than 145 million tons of municipal solid waste (MSW) are sent to the roughly 1,200
open landfills across the United States for disposal.? As the organic fraction of this waste — which
includes food waste, yard waste, and paper — decomposes without oxygen in the landfill, it
generates methane. Food waste is the largest MSW component landfilled, responsible for an
estimated 58% of fugitive methane emissions from U.S. MSW landfills." Data reported voluntarily
to EPA's Landfill Methane Outreach Program (LMOP) shows that 47% of reporting landfills (1,229 of
2,636) have a gas collection system in place to capture a portion of their methane emissions. Per
LMOP, 487 landfills had energy projects as of July 2023, utilizing captured methane to generate
electricity or upgrading it to renewable natural gas (RNG) for pipeline injection or transportation
fuel." Otherwise, collected methane is typically routed to a flare for destruction. Importantly,
collection and control systems cannot capture all generated methane, as they are not installed in
all areas of the landfill, experience downtime, and can malfunction. Large amounts of methane
escape from landfills into the atmosphere, diffusely through the landfill surface and in more

**Control methane to slow global warming — fast,” Nature, August 2021, hitps://www.nature. com/articles/c41586-021-02287 -y,
*Gabrielle B. Dreyfus et al., “Mitigating climate disruption in time: A self istentapp h for avoiding both near-term and long-term
global warming,” f ings of the National Academy of Scis 119, 22 (May 2022},

hitps:/hww, pnas.org/doi/full/10.1073/pnas, 2123536119,

* Global Methane Assessment: Benefits and Costs of Mmgarrng Methane Emissions, United Nallons Environment Programme and
Climate and Clean Air Coalition, 2021, | i I ~full-re -

® "Basu: Informatlon anout Landflll Gas,"” U.S. Environmental Protection Agen c\r.August 2023, mms_mmmma.ammms_c_

’Preet Bains etal., Trashrng rnec:mere from icipal Landfiils, Envi grity Project, May 2023,
hitps:/fenvironmentalintegrity. org/reports/trashing-the-climatel.
#*Don’'t Waste Our Future,” Industrious Labs, 2024, hitps://dontwasteourfuture, orgl.

@ "Nallorlal Overview: Facts and Flsures on Materials, Wastes and Recycllns. L, S Erl\rlronmentai Protecllonﬁ,gencv. Movemnber 2023,

mﬂlﬁdﬂl&&mﬂﬂﬂ.ﬂs “LMOP Lam:mll ana iject Dalanase [1X S En\rlronmenlal Protecmn ngency, nugusl 2023

hittps:fiveaw, epa,govilmondl landfill-and-project-c

% Max Krause et al., ifying Emissit from Landfilled Food Waste, U.S. Environmental Protection Agency Office of
Resaarch and Davaloclmant October 2023, hitps:/fwawy.epa n/files/documents/2023- 10/ food-waste-landfill-methane-10-8-
23-linal_S08-compliant.pdf.

™ "LMOP Landfill and Project Database,” U.S. Environmental Protection Agency, August 2023, Allps://www. epa.gov/imop/imop-tandfill-
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concentrated hot spots, often due to cracks or gaps in the landfill cover, leaking gas wells, or the
exposed working face. Landfill gas collection efficiency can vary widely by site, due in part to
design and operational factors. While landfill emissions models often assume a default collection
efficiency of 75%, studies show instances where collection efficiency can be much lower."

Furthermaore, recent airborne methane surveys suggest that landfill emissions may be higher and
more persistent than previously expected.’ Since 20186, airborne surveys conducted by Carbon
Mapper and partners have detected high-emitting methane plumes at more than 200 U.S. landfills
across 29 states. In California, Carbon Mapper’s flyovers found that a subset of landfills were the
state's largest methane emitters (41 percent), with higher observed emission rates than the oil &
gas or agriculture sectors.'® Detectable methane plumes at California landfills often reached 1,000
kg/hr, ten times what EPA considers to be a super-emitter in the oil & gas sector.'®

A recent study under review in Atmospheric Chemistry and Physics uses observations from the
TROPOMI satellite instrument to quantify methane emissions from 70 landfills reporting to EPA’s
GHGRP across the contiguous United States. The authors find a median 77% increase in observed
emissions (13 Gg/a), compared to reported emissions (7.2 Gg/a). At the 38 facilities that recover
gas, the authors find a mean recovery efficiency of 0.50 (0.33 - 0.54) that is much smaller than the
GHGRP mean of 0.61 and the default assumption of 0.75." The authors attribute the discrepancy
to two main factors: 1) over-estimated recovery efficiencies at facilities with gas collection systems
and 2) under-accounting of site-specific operational changes across facilities."®

Landfill emissions also threaten nearby communities. Beyond the planet-heating methane,
landfills release harmful co-pollutants that adversely impact the health and well-being of nearby
communities. Landfill gas contains hazardous air pollutants (e.g., vinyl chloride, 1,1,1-
trichloroethane, 2-butanone, organic mercury compounds), precursors to ozone and particulate
matter (PM) (e.g., VOCs), and odor nuisance compounds (e.g., H2S). These compounds have been

" James Hanson and Nazil Yesiller, Estimation and Comparison of | Nitrous Oxide, and Trace Volatile Qrganic Compound
Emissions and Gas Collection System Efficiencies in California Landfills Final Report, Prepared for: The California Air Resources Board
and The California Department of Resources Recycling and Recovery, March 25, 2020,

hittps:/ww?2 arb.ca.goviresources/documents/landfill-g . Ni 1. Th lis and A.C. (Thanos) Bourtsalas, “Methane
Generation and Capture of U.S, Landfills," Journal of Envii [ Sci and Engi ing A 10 (2021): 199-208,

hitps:/iwww, davidpublisher.com/Public/uploads/Contribute/6] adg3l0cessat.pdl.

2 Mati Strategy to an u.s. Gas , itoring, and jon System, The Greenhouse
Gas Monitoring and ient Working Group & The White House, November 2023, hitps:/fwww.whitehouse goviwp-

"#*Carbon Mapper Data Portal,” Carbon Mapper, January 2024, hitps://carbonmapper.org/datal.

" Riley Duren et al., “California’s methane sup i " Nature 575 (2019): 180-184, hitps://pubmed.ncbi.nlm.nih.govi31695210/.
“® Jason -, “Landfill M R y Methane Remote Sensing for Leak Identification and Mitigation," California
Air Resources Board, D 5, 2022, https:/fww2.arb.ca.gov/sites/def files/2022-12/Methane%%20Remoteth20: ing.pdf.

" Hannah Nesser at al., “High-resolution U.S. methane emissions inferred from an inversion of 2019 TROPOMI satellite data:
contributions from individual states, urban areas, and landfills,” EGUsphere [preprint] (2023),

hitps://egusphere. coparnicus.org/preprints/2023/egusphere-2023-946/.

8 Docket No. EPA-HQ-0AR-2019-0424, *Revisions and Confidentiality Determinations for Data Elements Under the Greenhouse Gas
Reporting Rule,” Hannah Nesser, July 27, 2023, https.//weww. regulation: WEPA-HO-OAR-2019-0424-03086.
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found to contribute to urban smog and impact human health and the environment.™ In addition,
the leachate from landfills can contaminate nearby soil and groundwater. One study found that the
typical emissions of ozone precursors from a single hypothetical landfill may result in persistent
daytime additions to ozone of over 1 part per billion (ppb) by volume tens of kilometers downwind,
and large leaks of landfill gas can enhance ozone pollution by over a tenth of a ppb. In Southeast
Michigan, the combined influence of several landfills upwind of key monitoring sites may
contribute significantly to observed exceedances of the U.S. ozone standard.® Studies have also
shown that landfills can decrease neighboring residential property values.?' Landfills are often
sited near vulnerable communities. Analysis using the EPA’s Environmental Justice Screening and
Mapping Tool shows that 54 percent of MSW landfills reporting to the GHGRP have communities
located within one mile that exceed the national average for either percent low-income or percent
people of color.”

Across the country, journalists have documented the adverse impacts of landfills on nearby
communities. Recent stories document the prevalence of cancer and kidney failure in the Snow
Hill community near North Carolina’s Sampson County landfill,* lung cancer clusters near New
York's Seneca Meadows landfill,* and odor violations from California’s Chiquita landfill that left
some residents vomiting and with severe migraines.®® Awinner of U.S. EPA’s 2023 EJ Video
Challenge for Students, Pollution to Prosperity: Tackling Landfill Impacts for a Thriving Future,
highlights the air quality, water, and health impacts of Virginia's first mega-landfill on the
surrounding community in Charles City County, which has left some families boiling their tap water
to avoid contaminants.” The film also proposes solutions, including water quality testing, air
monitoring, community health surveys, and waste diversion.

THE SOLUTIONS
Solutions are available to better control emissions from landfilled waste and prevent future

landfill methane generation. To maximize climate and community benefits, we must do both.
Fortunately, there are a number of technically feasible, readily available strategies to reduce

" Understanding and Control of Municipal Solid Waste Landfill Air Emissions Request for Applications (RFA), U.S. Environmental
Protection Agency, October 2022, hitps://www. epa.gov/research-grants/ur i 1d-control-municipal-solid-waste-landfill-air-

emissions-request.

“ Eduardo P. Olaguer, “The Potential Ozone Impacts of Landfills,” Atmosphere 12, 7 (2021): 877, https://www.mdpl.com/2073-
44331 2/7/877.

* Riehard Ready, “Do Landfills Always Depress Nearby Property Values?," Journal of Real Estate Research, 32, 3 (2010): 321-340.
https:/ivwww.tandfonline.comydoi/abs/10.1080/10835547,2010,12091279

# Preet Bains et al., Trashing the Climate: from Municipal Landfills, Envi Integrity Project, May 2023,

# Cameron Oglesby, "A decades-long battle against North Carolina’s largest landfill is rampingup,” Grist, Jan 19, 2024,
st o . ) i ) .

* Emma Misiaszek, “Activists rally against expansion of Seneca M . NY's largest landfill," CNYCentral, Jan 23, 2024,
https://cnycentral.com activists-rally-against jon-of-seneca-r nys-largest-landfill.

#“AQMD to address foul odor emitting from Chiguita Canyon Landfill,” KCAL News, Sept 6, 2023,

hitps:/fwww, chsnews.com/losangeles/news/agmd-to-address-foul-odor-emitting-from-chiguita-canyon-landfill!

* Megan Salters, McKenna Dunbar, Sarah Murtaugh, “Pollution to Prosperity: Tackling Landfill Impacts for a Thriving Future,” University
of Richmond, February 2023, hitps:/iwww.youtube com/watch?y=HHzOUTIHNSS.
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landfill emissions today, at modest cost.”” Modernizing landfill operations — through
comprehensive leak detection and repair, expanded gas collection system coverage, and
enhanced cover practices — can cut methane immediately from waste-in-place, while protecting
nearby communities from co-pollutants. At the same time, scaling up efforts that keep organic
waste out of landfills - through strategies like edible food donation and composting — will avoid
future landfill methane generation and ensure organic materials are put to their highest and best
use in the circular economy.

The volume of methane-generating waste already sitting in U.S. landfills dwarfs the amount of new
waste landfilled each year.*® For example, California found that the total degradable carbon that is
accumulated from waste deposited in previous years is over 20 times greater than the amount
added.” And while methane production typically begins within the first year after the waste is
landfilled, methane generation can continue for 10 to 50 or more years as the degradable waste
decomposes over time.*® That's why climate-leading states, including California, Maryland, and
Washington, are pursuing efforts to reduce organic waste disposal and to strengthen waste-in-
place control measures, accelerating overall emission reductions.

California Air Resources Board: Waste Sector Strategies®
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Waste-in-place controls are well understood and can be deployed quickly and at modest cost
across a relatively small number of sources (i.e., there are 1,123 MSW landfills that reported to

#* Heijo Scharff et al., “The impact of landfill management approaches on methane emissi " Waste M: & R h: The
dournal for a it Circular Iy (2023), https:/founals. sagepub.com/doi1 011 77/0734242%231 200742
*3.14. gy for i ing CH4 i from Lanafills: volfU.S. Gas issh and Sinks: 19590-2021 -
Annex 3 Part B, U.S. Environmental Protection Agency, 2023, hitps:/fwww.epa.go n/filesdd [2023-040US-GHG-
#2022 ping Plan for Achieving Carbon ity, California Air Board, D 2022,
tps://ww2.arb.ca.gov/sites/datault/files/2023-04/2022-5p.pdf.
= v of U.S. Gas Emissions and Sinks: 1990-2021 - Main Report, U.S. Environmental Protection Agency, 2023,
o) j al al | a in-
¥ =preliminary pts for Potential Imp ents to Landfill Regulation,” California Air Resources Board, Public Workshop,

May 18, 2023, hitos:/fww2.ab.ca,govisites/default/files/2023-05/LMB-workshop 05-18-2023.pdf.
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GHGRP in 2022).* A recent paper, The impact of landfill management approaches on methane
emissions, calculated the emission reduction potential of different management choices relative
to business-as-usual (BAU) scenarios at North American (NA) landfills. For a typical NA landfill
implementing few best practices, early gas collection and reducing the landfill cell size can reduce
methane emissions by 27% vs. BAU. For a typical landfillimplementing some best management
practices, early and extended gas recovery can reduce methane emissions by 38% vs. BAU. For a
typical landfill implementing nearly all best management practices, early sealing of the landfill
could reduce methane emissions by 44% vs. BAU.* According to the paper, these approaches
entail “basic, standardized, technology that can be deployed swiftly and at moderate cost” to
reduce methane emissions today.* Below, we describe in more detail specific strategies that can
better control emissions from landfilled organic waste.

+ Earlier installation and expansion of wells to maximize gas collection system
coverage: According to EPA, 61% of methane generated by landfilled food waste is not
captured by landfill gas collection systems and is released to the atmosphere as fugitive
emissions. Because food waste decays relatively quickly, its emissions often occur before
landfill gas collection systems are required to be installed or expanded.® However, it is
technically feasible to install and expand the gas collection system within one year after
waste is placed, rather than the more extended time frames currently allowed (upto 5
years). Analysis by the Environmental Integrity Project (EIP), based on Eastern Research
Group (ERG)'s analysis for EPA’s 2019 technology review process for the Sec 112 Clean Air
Act standards, found that earlier expansion of gas control systems (after 1 year) could
reduce methane emissions by 400,000 tons per year at a cost-effectiveness of about $140
per metric ton of methane reduced (or just ~$2/ton CO2e using the 20-year global warming
potential).* This is well below the threshold of $1,970 per ton of methane that EPA found to
be reasonable for the oil and gas industry.” Using horizontal collectors during the disposal
of waste can help capture gas as the lifts are being constructed. Optimizing wellhead
spacing can also help ensure comprehensive coverage and reduce fugitive emissions.

* More robust wellhead tuning and maintenance to boost gas collection system
performance: More frequent wellfield monitoring and adjustments to system vacuum can
help increase landfill gas recovery and limit system downtime. For example, automated
tuning systems adjust the vacuum continuously, as temperature, pressure, and weather

= "Number of reporters and emissions in the waste sector,” U.S. Environmental Protection Agency, 2023,

* Heijo Scharff et al., “Tne impact of landflll managamen{ approaches on methane emissi " Waste M: & R The
Journal fora inable Circular Et v (2023), https:/fournals. sagepub.com/doil10,1177/0734242X231200742

* |bid.

* Max Krause et al., Quantifying issions from L illed Food Waste, U.S. Environmental Protection Agency Office of

Research and Development, October 2023, hitps:/fwww. epa.govisystemifiles/documents/2023- 10/ oed-waste-landlill-methane-10-8-

* *patition for Rulemaking to Revise the Mew Source Performance Standards and Emission Guidelines for Municipal Solid Waste
Landfills,” Environmental Integrity Preject, June 2023, hitps:/fenvironmentalintegrity. org/ 1ps-petition-epa-for-stronger-
controls-on-methane-from-landfills/; Memorandum from E. Rsch. Grp., Inc. on Clean Air Act Section 112 (d)({6) Tech. Rev. for Mun. Solid
‘Waste Landfills to Allison Costa and Andy Sheppard, EPA, Off. of Air Quality Planning & Standards, at 28-30, 31-32, 36- 41, 44-45 (June
25, 2019) hitps:/fwww, regulations.gov/document/EPA-HO-OAR-2002.0047- 0082

# standards of Performance for New, Reconstructed, and Modified Sources and Emissions Guidelines for Existing Sources: Oil and
Matural Gas Sector Climate Review, 87 Fed. Reg, at 74718,
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conditions fluctuate, and can improve methane recovery and reduce fugitive emissions by
10-20% compared to baseline.* These systems can also provide operators with real-time
information on potential issues related to the gas collection system, such as flooded
wellheads or cover integrity issues, to inform timely repairs. Incorporating the gas
collection system into the leachate system, or using gabion cubes along the bottom landfill
liner, can also help enhance drainage, prevent flooding, and limit downtime.*

* Enhanced landfill cover practices to better control surface methane: Increasing the
thickness and compaction of daily and intermediate cover can allow for greater vacuum
and lower surface methane emissions. Studies have shown that landfill methane emissions
decrease when moving from areas of daily to intermediate to final cover; reducing lag times
between these cover stages and minimizing the exposed surface area of the daily
uncovered working face can help reduce fugitive emissions.*® Applying a vegetative
biocover as intermediate cover helps to enhance the microbial oxidation of methane
escaping to the surface. A well-made biocover employing a large volume of aged compost
can oxidize up to 35 or 40 percent of the methane in the gas passing through it.*'

* More comprehensive monitoring surveys to reduce fugitive methane: The White House
monitoring strategy acknowledges that walking surface emission monitoring (SEM) surveys
“are not able to detect all anomalous emissions at a landfill that occur over a large
footprint, some extending for hundreds of acres.”** Maryland Department of Environment
estimates that the more robust surface emission monitoring requirements in their recent
rulemaking — which includes a tighter walking pattern — could reduce fugitive emissions by
10-40%.* Advanced methane detection technologies, such as drones, provide additional
benefits relative to walking SEM approaches, including expanded coverage of the landfill
surface area (including the active face, construction areas, and steep slopes), faster survey
times, improved worker safety, and more objectivity and replicability. Using drones for SEM,
which EPA approved in December 2022 as an alternative method, is cost-competitive with
traditional manual surface emissions monitoring.* In addition to drone methods,
continuous monitoring systems can be positioned throughout the landfill or around critical

* “Results,” LoCl Controls: Methane CQDIUI‘E & Emussmn Reuuctlon 2024, hitps:/flocicontrols.comiresults.

» EhunAyandele atal, Key for jons from Municipal Solid Waste, RMI, 2022,
https:/irmi.org/insigr i net i 1) ipal-solid-waste
0 James Hanson and Mazil Yesiller, Estimation and Comparison of Mi Nitrous Oxide, and Trace Volatile Organic Compound

Emissions and Gas Collection System Efficiencies in California Landfills Final Report, Prepared for: The California Air Resources Board
and The Califonia Department of Resources Recycling and Recovery, March 25, 2020,

https:/iww2.arb, ca.govirasourcas/documents/landlil-gas-research; C. Douglas Goldsmith Jr. et al., “Methane emissions from 20
landfills across the United Stales using \narllcal radial plume mapping,” Journal of the Air & Waste Management Association 62, 2 (2012):
183197,

* “apply Biofi or Bi " LS. Envi Protection Agency, July 2023, hitps:/ Bpa ly-biofilters-or
bloccva:s.

il y b0 Ad an U.S. Greenhouse Gas Measurement, Monitoring, and Informatnon System, The Greenhouse
Gas Monitoring and Measurement Working Group & The White House, November 2023, hitps: /e, Bov/w

content/uploads/2023/11/National GHGMMISStrategy-2023. pdf.

“ “Technical Support Document for COMAR 26.11.42 - Control of Methane Emissions from MSW Landfills,” Maryland Department of
Environment, December 15, 2022,

hittps:/fmde, marvl . gov/ programss| ilati irfD Technis calﬂm')(‘l umnn%w

Hwebinar: Delet:tlng Lanuﬁll Malhane Emissions with Drorlsa. U 5. Envlrcmma n'tal Prolactlun Agency l.andflll Mema ne Qutreach
Program (LMOF), September 28, 2023, hitps:, 3 a
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components to provide operators with real-time data to respond guickly to instances of
elevated methane concentration and inform operational improvements. Environment and
Climate Change Canada (ECCC)'s proposed regulatory framework for reducing Canada’s
landfill methane emissions incorporates both drone and continuous monitoring
approaches, while providing flexibility for alternative monitoring methods with
demonstrated performance equivalency.*

* Leveraging remote sensing to fix large leaks fast: Remote sensing technologies, like
aircraft and satellites, can alert operators to large methane releases to inform fast
investigation and effective remediation on the ground. For example, environmental
agencies in California and Pennsylvania worked with third-party aerial monitoring providers
to survey for methane leaks and alerted landfill operators of large detected plumes.
Operators took voluntary action to locate and mitigate the leaks. Overflights conducted by
the Pennsylvania Department of Environmental Protection, in partnership with Carbon
Mapper, achieved a 37% reduction in observed methane emissions from landfills.*®

+ High-efficiency flares to avoid methane slip during combustion: Enclosed flares with
high destruction efficiency (>99%) help avoid methane leakage during combustion.
Analysis by EIP, based on ERG’s report for EPA’s 2019 NESHAP technology review, found
that enclosed flares with a destruction efficiency of 99% could reduce methane emissions
by 66,000 tons per year at a cost-effectiveness of about $250-$490 per ton of methane (or
~$3-$6 per ton COe, GWP20).*

Installing a gas collection system carries capital and operational costs ($1.3 million for a 40-acre
gas collection and control system, plus ~$5,500 in annual O&M costs per acre), which can be
offset in part through revenue from beneficial use projects.*® Otherwise, many of the strategies to
reduce emissions from landfilled waste do not involve purchasing equipment but rather improving
existing practices around landfill cover, wellhead tuning, and methane monitoring to minimize
fugitive emissions. A well-managed landfill can also generate savings for operators over time, by
minimizing system downtime and avoiding major compliance or repair costs. EPA notes that much
of the potential landfill methane abatement in the U.S. can be achieved at break-even prices and in
some cases generate incremental revenue for operators through increased methane capture.*

“deucrngc-anada's fandﬂf th i55i Prog reg by En\nronrnarll and Cllmale Change Canada (ECCC),

remstryfnuaLcauona.freducmg landﬂll methane- emlss 0N, mml
“ “Mathane Overflight Study Overview,” Pennsylvania Department of Environmental P ion, Air Quality T ical Advisory

Cornmlrtaa March 8, 2023,

m.lileea'ZOZS."S 8- ZSJ’AIRBOBNE%ZOMFJHANE%ZUAQ'IAC%ZOMEETING%ZOZEDSC@.DGI

# “patition for Rulemaking to Revise the New Source Performance and Emi ideli for Municipal Solid Waste
Landfills," Environmental Integrity Project, June 2023, hitps://environmentali ity.orgf f ips-petition-epa-for-stronger-
controls-on-methane-from-landfills/; Memorandum from E. Rsch. Grp., Inc. on Clean Air Act Section 112 (d){6) Tech. Rev. for Mun. Solid
‘Waste Landfills to Allison Costa and Andy Sheppard, EPA, Off, of Air Quality Planning & Standards, at 29-30, 31-32, 36- 41, 44-45 (June
25, 2019) https: e, ej,utdllonb..govfwcun1e'|1.."EPA HQ OAR-2002-0047-0082

* | FG Energy Project Devel k LUS.E P ion Agency Landfill Methane Outreach Program, January
2024, https:/fwww.epa gov/system/files/documents/2024-01/pdh_full.pdf.

*ywWaste Overview, LS. State-level Non-CO, Greenhouse Gas Mitigation Potential: 2025-2050," U.5. Environmental Protection Agency,
2019, https://cfpub.epa govighgdata/nonco2/usrepods/iipage?.
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Reducing organic waste disposal at landfills prevents future methane generation and
captures the value of materials. This approach includes efforts to reduce and redistribute surplus
organics and recycle the remaining organic waste, while avoiding landfilling and incineration.
Minimizing waste on farms, improving food inventory management, and donating excess edible
food to shelters or converting it to animal feed all help to keep organics out of the waste stream.
The remaining organic waste can then be separated and processed into compost, biogas, or other

beneficial end products.
U.S. EPA’s Wasted Food Scale®™
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Sending organic waste to a composting facility or anaerobic digester avoids the generation of
methane in landfills, while preventing organic waste from becoming waste in the first place avoids
additional emissions across the supply chain. In a recent report, From Field to Bin: The
Environmental Impacts of U.5. Food Waste Management Pathways, EPA compares the lifecycle
greenhouse gas emissions of different food waste management pathways (kg CO.e per metric ton
of food waste). EPA found that source reduction had order-of-magnitude greater global warming
potential benefits than any other pathway, by reducing the amount of additional food that must be
produced. Landfills tend to have the highest global warming potential values, while food donation,
upcycling, animal feed, AD, and composting can achieve substantial relative emissions reductions
with beneficial or near neutral global warming potential.®

* “wWaste Food Scale,” U.S. Environmental Protection Agency, October 2023, hitps://www.epa.gov/sustainable-management-
logdiwasted-food-scale.

* Shannon Kenny et al., From Field to Bin: The Environmental Impacts of U.S. Food Waste Management Pathways, U.S. Environmental
Protection Agency Office of Research and Development, October 2023, hitps://www.epa,gov/land-research/field-bin-environmental-
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U.S. EPA Global Warming Potential of Waste Food Pathways™
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OF WASTED FOOD PATHWAYS ACROSS LCA STUDIES
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Carbon not assumed for some pathways. See Table 3-4 for details. Donation excluded
from boxplot because the range extends an order of magnitude below the next lowest value in the boxplot.
See Appendix Table D-1 for data and sources.

Successful organics diversion programs typically require a combination of policy support (e.g.,
organics bans, pay-as-you-throw policies), behavioral change, investment in organics collection,
processing, and recycling infrastructure (including favorable permitting), and healthy end markets
for products and commodities made from diverted organics (e.g., compost procurement plans).

From an economic standpoint, preventing and reducing organic waste saves consumers money
and avoids the costs associated with managing discards. Organics recycling projects, such as
composting and anaerobic digestion, typically come with incremental capital costs to investin new
infrastructure, but the revenue from valorized end products (e.g., compost, biogas, digestate) can
make projects economically viable and in some instances more favorable than landfilling over time
-which can be passed on to consumers through lower rates.* Organics recycling and food
recavery also bring significant benefits to communities and ecosystems, discussed further below.

* Ibid.

* Alex Badgett and Anelia Milbrandt. “Food waste disposal and utilization in the United States: A spatial cost benefit analysis,” Journal of
Cleaner Production 314, 10 (2021}, https://www sciencedirect ience/article/abs/pii/S0959652621022757; Olivia Alves et al.,
“Your trash deserves better. These three cases show what's possible.” RMI, No 17, 2023, hitps://rmi.orgfyour-trash better-
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STATE & LOCAL EXAMPLES: COSTS & BENEFITS

State policies and programs to reduce landfill methane emissions show compelling cost-
benefits. Analyses of state rulemakings have found - for both stronger landfill emission controls
and organics diversion mandates - that the curnulative economic, public health, and climate
benefits generally exceed the implementation costs. There is growing momentum around state
rulemakings to control landfill methane, as governments strive to address the climate crisis and
meet their state-wide targets. Maryland, Oregon, and Washington have proposed or finalized strong
landfill methane control rules in the past three years, and California, whose landfill methane
regulation has been on the books since 2010, is now considering improvements to its nation-
leading standard. The state rules make several improvements to landfill design, operational,
monitoring, and reporting requirements to increase methane capture and reduce fugitive
emissions.

* Oregon:* In October 2021, the Oregon Environmental Quality Commission adopted new
rules to regulate landfill gas emissions. In their staff report, the Department of
Environmental Quality (DEQ) estimates that covered landfills could incur annual reporting
and O&M expenses ranging from about $8,000 to about $400,000, with some landfills
subject to a one-time investment of $1-3 million to upgrade or install a landfill gas
collection system. However, DEQ found that the rule would provide for future reduced
costs to the general public from the reduction of greenhouse gas emissions and the
impacts of climate change. Table 3 below provides an estimate of the reduced social cost
of carbon, thanks to the lower thresholds and higher destruction efficiency required for
landfill gas collection and control systems at four theoretical landfills. DEQ's report also
underscores public health improvements due to the capture and destruction of more
landfill gas, including toxic gases.

Table 3: Avoided social costs from gas collection system requirements

Size Annual Control A g A g Avoided social costs?
(acres) | waste annual annual = =
acceptance t 1 4 2 o
(tonlyr) yed yed | ¢ goes
threshold
98% 99% 4

destruction | destruction
(million ft*) | (million ft%)

20 75,000 Direct-use 2,084 2,106 NA $67TM
50 150,000 RNG 4,168 4211 NA $134M
100 800,000 Turbine 22,232 22,459 §TM NA
300 2.000.000 CHP Engine | 55,580 56,147 S18M NA

I Assume 10-year life span and 75% collection efficiency.

2 https:/fwww. whitchouse, goviwp-

content/uploads 202102 Technical SupportDocument_Social CostofCarbonMethaneNitrousOxide. pdf-

3 Current federal lations require 98% & ton while the proposed rules require 99% destruction.

4 The proposed rules will require some landfills to install GCCS that would not be required under federal rules, It is
assumed the two largest landfills presented would be required to install a GCCS under federal rules while the two smaller
landfills would not

* “Staff Report for Oregon Environmental Quality Commission Meeting: Rulemaking, Action Item | - Landfill Methane Rules,” State of
Oregon Department of Environmental Guality, October 2021,
hitps://www.oregon EQCdocs/100121 | LandfilMethane.pdf.
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e Maryland:* Maryland's landfill rule (COMAR 26.11.42), finalized in June 2023, is projected
to deliver an estimated 25-50% reduction in landfill gas emissions from covered landfills
when fully implemented, according to estimates from the Maryland Department of
Environment (MDE). MDE estimates that the 32 MSW landfills subject to the rule could
incur annual expenses in the same range as Oregon’s rule (~$8,000-$400,000) with some
landfills subject to a one-time investment of $1-3 million to upgrade or install a landfill gas
collection system. MDE notes that for landfills with energy projects, the revenue generated
from increased landfill gas capture could help offset costs associated with the proposed
regulation and could also create jobs and local economic benefits. Furthermore, MDE
concludes that the rule would be of benefit to the public and the environment as methane
is reduced and minimized, helping to combat the adverse and costly impacts of climate
change in Maryland. The total climate and social benefits of MDE’s rule are estimated to be
between $22 million and $45 million in 2030 (100-year GWP).

s California:*® California finalized its nation-leading landfill methane regulation in 2010. The
regulation requires owners and operators of certain uncontrolled municipal solid waste
landfills to install gas collection and control systems, and for existing and newly installed
gas and control systems to operate in an optimal manner. In its 2009 Initial Statement of
Reasons (ISOR) for the proposed rulemaking, California Air Resources Board (CARB)
estimated the rule to have a cost-effectiveness of about $9 per metric ton of CO.e reduced.
CARB noted the regulations could create and expand businesses and jobs in landfill
methane mitigation. CARB also noted that the regulation would provide benefits to both
urban and rural communities in the state, helping to combat the adverse impacts of climate
change and better control toxic co-pollutants in landfill gas and odors. In its annual report
to the Joint Legislative Budget Committee on Assembly Bill 32, CARB estimated that its
regulation reduced methane emissions by 1.8 MMT CO:ze in 2021.%" In May 2023, CARB
hosted a public workshop to present preliminary concepts for potential improvements to
the Landfill Methane Regulation, leveraging the latest research and technological advances
to increase effectiveness of methane emissions control measures.®

* Washington:* In October 2023, Washington Department of Ecology released a preliminary
analysis of its proposed rule (Chapter 173-408 WAC) to reduce landfill methane emissions.
Across 26 landfills, Ecology estimates the rule will result in one-time costs of around $10M
and ongoing annual costs of $846-3871K. The total cost over the 20-year period is

* “Technical Support Document for COMAR 26.11.42 - Control of Methane Emissions from MSW Landfills,” Maryland Department of
Environment, December 15, 2022,

8 “Slaif Report: InlllalSlaternenl of Reasons Pmposed Regulatlon to Reduce Methane Emissions frorn

Municipal Solid Waste Landfills,"” California Air Resources Board Stationary Source Division Emissions Assessment Branch, May 2009,
hitps:/hww2.ark, ca.govisites/default/files/barcu/regact/2003Nandllls08/isor.pdl.

* Annual Report to the Joint Legislative Budget C i oA bly Bill 32 (Chapter 488, Statutes of 2006), California Air Resources

Board, 2021,

2 . files/2021-06/AB32-JL BC-2021-R L
* “Praliminary Concepts for Potential Improvements to Landfill Methane Regulation,” California Air Resources Board, Public Workshop,
May 18 2023 hitpsyiww2.arb.ca gov/sites/delault/files/2023-05/L MR-workshop_08-18-2023.pdl.

Rl ¥ for Chapter 173-408 WAC, Landfill Methane Emissions,” Washington Department of Ecology,
Ocmner 2023 hitps:/fapps ecology.wa gov/publications/documents/2302112, pdf.
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estimated at about $26 million. Ecology notes that the benefits attributable to the proposed
rule are greater than the costs and predominantly take the form of decreased methane
emissions with additional benefits from the collection and destruction of odiferous or toxic
compounds. Using the California rule as a proxy, Ecology estimates an estimated increase
of roughly .02 MMT of methane controlled annually due to the proposed rule. With a social
cost of methane of $1,500 per ton, the estimated benefits attributable to the proposed rule
are $32.3 million annually with a net present value of nearly $595 million over the 20-year
planning frame of the proposed rule.

When it comes to keeping organics out of landfills, nine states have policies in place as of 2023 to
limit organic waste disposal. Connecticut, Massachusetts, New York, Rhode Island, New Jersey,
Maryland, Vermont, Washington, and California have all adopted state organic waste bans in the
past decade.® While these rules require new investments in collection, processing, and recovery
infrastructure, they also bring significant benefits: avoiding landfill methane generation, boosting
food donation, creating green jobs, and stimulating local economic growth. We provide a few
examples of the costs and benefits of organics diversion policies at the state level, with more
information available in the Zero Food Waste Coalition’s State Policy Toolkit.*'

e Massachusetts:® Massachusetts' commercial food waste disposal ban, in place since
October 2014, has significantly increased food waste diversion from landfills, from a
baseline of 100,000 tons to 360,000 tons in 2022. At the same time, food rescue of fresh
and perishable foods has grown by more than 50%, the number of businesses separating
food scraps from disposal has increased from 1,350 in 2014 to 3,100 in 2022, and
Massachusetts’ capacity to manage food waste has increased substantially. Furthermore,
a study on the economic impact of Massachusetts’ organic waste ban found that the policy
created over 500 jobs and stimulated $175 million in economic activity during its first two
years.™

+ Vermont: Vermont's Universal Recycling Law, initially passed in 2012, encourages people
to follow the Vermont Food Recovery Hierarchy, which prioritizes food waste reduction,
food donation, feeding animals, and then composting and anaerobic digestion as the
highest uses for food. In Status Reports, the Vermont Agency of Natural Resources
highlights benefits of the law, including reducing greenhouse gas emissions, strengthening
the local economy by building green businesses and jobs, feeding Vermonters through food
donation, and boosting soil health with compost application.® Vermant saw food donation
triple at the Vermont Foodbank after implementing its universal recycling law, along with

0 Achieving Zero Food Waste: A State Policy Toolkit, Zero Food Waste Coalition, May 2023, hitps:/zerofo oalition. org/state

“ Ibid.

“ “Organics Action Plan,” Massachusetts Department of Environmental Protection, Movember 2023,

hitps:fiwww, mass.govidoc/ isetts I tion-plan-november- 2023/ Dad

* Massachusetts Commercial Food Waste Ban Economic Impact Analysis, ICF, December 2016,

hitps:/iwaww, mass. govidoc/ massachusetls-commercial-food-waste-ban-aeconomic-impact-analysis/download.

* Vermont's Universal Recyeling Law Status Report, Vermont Agency of Natural Resources. Department of Environmental Conservation,
January 2019, hitps.//dec. vermont. gov/sites/dec/liles/iwmp/Solic Documents/Universal-
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significant growth in transfer stations, composting facilities, and food scrap haulers in the
state.®

* California:* California's SB 1383 aims to divert 75% of organic waste from landfills below
2014 levels by 2025. Jurisdictions must provide organics collection to residents and work
with counties to build out organic waste recycling infrastructure, food recovery capacity,
and establish procurement plans. CalRecycle has established an additional target that not
less than 20% of currently disposed edible food is recovered for human consumption by
2025. Initial regulatory analysis found that the cumulative economic, public health, and
climate benefits associated with recovering organic waste exceed the cost of the
investments required. The successful implementation of the regulations will create
thousands of green jobs, generate billions in economic activity and benefits, and protect
Californians from immediate and long-term health and environmental impacts, also valued
in the billions of dollars. These benefits cannot be achieved without substantial
investments in new collection, processing, and recovery infrastructure.® While California
failed to achieve its interim 2020 diversion target, giving jurisdictions more time to comply,
organic waste processing capacity in California has increased by more than 400,000 tons in
the past few years. So far, 75% of California Communities report they have residential
organic waste collection in place and 242 million meals worth of unsold food have been
sent to people in need. California now has 206 organic waste processing facilities and is
building 20 more.®®

Furthermore, some local governments in states without organics policies are stepping up with
organics diversion targets, collection services, and organics recycling plans. About 15 million U.S.
households have access to food waste collection, and local governments are leveraging federal
funds, such as the Solid Waste Infrastructure for Recycling (SWIFR) Program and the Composting
and Food Waste Reduction (CFWR) Cooperative Agreements, to invest in organics diversion
programs.®

In addition to cutting planet-heating methane, addressing landfill emissions creates local
benefits. Improving landfill methane capture also better controls for emissions of hazardous air
pollutants, smog-forming compounds, and odors, while reducing explosion hazards. This all helps
to improve air quality, safety, public health, and quality of life for communities near landfills.
Expanding landfill methane monitoring and implementing best management practices can also
create local jobs in methane mitigation, as well as economic benefits through productive use of

“ Kevin Gaiss, “VI. sees boom in food scrap haulers from last year's compost law," WCAX3, July 2021,
hittps:hwwwy weax.comd 2021/07/01food -scrap-haulers- benefit-over-past-year/; Angela Evancie, Myra Flynn, "How's Viermont doing
with composting?,” Vermont Public, January 6, 2022, https:/fwww vermontpublic.org/podcast/br littl e-state/2022-01-06/nows-

vermont-doing-with-composting
* “California’s Short-Lived Climate Pollutant Reduction Strategy,” CalRecycle, 2024, 5l
" “Appandix A Cost Update: Initial Statement of Reasons (ISOR) for the Short-lived Climate Pollutant: Organic Waste Reductlon

regulations,” CalRecycle, October 2019, hitps://calrecycle.ca frulemaking/archives2020-2/slcp/.
& “California’s Climate Progress on SB 1383,” CalR , 2024, https:icalrecycle.ca gov/organics/sl

* Nora Goldstein, Paula Luu and Stephanle Molla. "Blomcle i ide Survey: Resi i Food Waste Oollactlon AccessInThe
L.5.," BioCycle, September 2023, i ial- - .
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captured methane, which can in some cases displace more expensive fossil fuels. Strategies to
prevent and divert organic waste from landfills can also help reduce landfill odors, minimize
leachate generation and associated groundwater pollution, and prevent landfill expansion.

Reducing organic waste disposal in landfills has several other community benefits for local food
systems, ecosystems, climate resilience, and job creation. Expanding surplus food donation
can help to address local food insecurity, while composting can improve soil health and support
local food production. Compost application has several additional benefits for local ecosystems
and can boost local climate resilience; it sequesters carbon, prevents soil erosion, aids in
reforestation and wetlands restoration, and assists in stormwater management and water
conservation by better controlling and retaining runoff through soils. Finally, organics recycling can
create jobs and workforce development opportunities in the circular economy at a higher rate per
ton than landfills or incinerators. For example, one study found that for every $10 million invested,
composting sites can support 21.4 full-time jobs, while landfilling supports 8.4 and incineration
supports 1.6.7

Some landfill operators are taking voluntary steps to reduce their methane emissions,
underscoring the feasibility of stronger controls. Large private landfill operators, such as Waste
Management (WM), Republic Services, and GFL, have set targets to reduce their Scope 1 and 2
greenhouse gas emissions, most of which are attributable to landfill methane emissions. In their
sustainability reports, these companies reference adoption of advanced technologies for fugitive
emissions monitoring and other practices to increase methane capture. WM, for example, is
investing in new technologies to monitor their emissions and improve the performance of their gas
collection systems, with the goal of having a comprehensive landfill emissions measurement
system in place by 2025.7 In addition, some cities with municipally operated landfills have
included measures in their climate action plans to improve methane capture by implementing best
management practices.™

FEDERAL OPPORTUNITIES

Federal action is needed to reduce landfill methane emissions nationwide. Examples from
states, local governments, and the private sector underscore that the solutions to address landfills
are viable and cost-effective today. But federal standards and support are critical to help scale up
these solutions, achieve major methane reductions, and protect communities across the country.

EPA regulates MSW landfills under the Clean Air Act and has broad authority to set design and work
practice standards that achieve emissions reductions. The agency is statutorily required to revisit

7 Branda Platt, “Composting Makes $en$e: Jobs through Composting & Compost Use,” Insti for Local Self-Reliance, May 2013,
hittps:/filsr.org/composting-sense-tables/. Clarissa Libertelli, Brenda Platt, Megan A Growing 20220 I
Composter Census, Institute for Local Self-Reli Mar 2023, hitps:/filsr ing-2022-census/.

™ 2023 Sustainability Report, Waste Management, 2023, hitps:/sustainability, wm.com/downloads/\M_2023 SR.pdf.
7 “Example Government Climate Action Plans that Materials Manags
January 2024, g a-government-climate-action-
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its Section 111 standards for municipal solid waste landfills in August 2024, and should seize this
opportunity to develop an ambitious framewaork that reflects the latest best practices in methane
monitoring and control discussed above, while advancing organics diversion.” EPA can build from
recent efforts to improve methane monitoring and control in its final Oil and Gas Methane Rule™
and updates to the Greenhouse Gas Reporting Program.”™ EPA can also draw from state programs
described above, Canada’s recently proposed landfill methane regulatory framework,” and EPA’s
2020 NESHAP rulemaking” for municipal solid waste landfills, which have already identified landfill
methane mitigation measures that can achieve significant emissions reductions at relatively low
cost.

Mew EPA standards would slash planet-warming methane, help achieve our domestic climate
goals, and demonstrate leadership under the Global Methane Pledge that the U.S. helped launchin
2021. Robust landfill standards would also advance the waste sector targets set with Mexico and
Canada at the North American Leaders’ (NALS) summit, the 2030 U.S. food waste reduction goal,
and help close the remaining gap on our economy-wide emission reduction targets under the Paris
Agreement.

Stronger standards to reduce landfill methane emissions are particularly important in light of new
incentives for renewable natural gas (RNG}) in the Inflation Reduction Act. Incentivizing landfill
energy production can put more sustainable waste management alternatives with lower lifecycle
emissions, such as composting, at a relative disadvantage. EPA acknowledges in its RNG
Operations Guide that “fugitive emissions of methane, depending upon their magnitude, can
negate the climate and environmental benefits of RNG projects.”™ Therefore, any incentives for
RNG should ensure best practices and monitoring requirements are in place at the landfill to
minimize fugitive emissions and capture generated methane to the maximum extent practicable.
Setting time bounds around incentives for landfill energy (e.g., limited to gas from waste already-in-
place) can help limit the landfilling of organic waste and encourage diversion to lower-emitting
disposal methods, like compost.

73 *patition for Rulemaking to Revise the New Source Performance Standards and Emission Guidelines for Municipal Solid Waste

Landfills,” Environmental Integrity Project, June 2023, hitps:/environmentali ity orgf [groups-petition-epa-for-stronger-

controls-on-methane-from-landfills!

74 “Epas Final Rule for Oil and Natural Gas Operations Will Sharply Reduce Methane and Other Harmiful Pollution,” U.S. Environmental

Protection Agency, December 2023, https://www.epa rolling-air-pollution-oil-and-natural-gas ionsiepas-final-rule-oil-
[ I .

7 “Rulemaking Notices for GHG Reporting,” U.S. Environmental Protection Agency, September 2023,

e ReaucrmCanma s landfill issions: Prop r ¥ Enwronmen{ and Cllmala E‘.nangs Canada (ECCC),

7 “Municipal Solid Waste Landmls Mational Emussmn Standa rds for Hazarduus Air Polluta nts :NESHJ\P:, u.s. En\nrun mental
Protection Agency, 2024, ]

™ Renewable Natural Gas: Facility Operation Best Practices to Create a More Climate-Friendly Project, U.S. Environmental Protection
Agency, 2022, hitps:/fwew. epa.go nifiles/documents/2022-11/BNG Operations Guide.pdf.
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Beyond EPA standards, Congress can provide funds to catalyze landfill methane reductions,
building on the success of the Bipartisan Infrastructure Law and the Inflation Reduction Act.
Additional grant programs could help fund local waste prevention programs, food recovery and
organics recycling infrastructure, and technologies to improve methane capture at municipal
landfills. In particular, there are few federal incentives for composting, despite its methane
reduction potential and substantial benefits for soil health, nutrient recycling, regenerative
farming, and job creation. The Farm Bill presents an exciting opportunity to advance funding for
food waste, composting, and organics recycling.™

" Qpportunities to Reduce Food Waste in the 2023 Farm Bill, Zero Food Waste Coalition, April 2022,

hittps:/ichipi.og/wp-content/uploads/2022/04/2023- Farm-Bill-Food -Waste.pdf.
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MN\RMI

U.S. Senate Committee on Environment & Public Works
Avoiding, Detecting, and Capturing Methane Emissions from Landfills
February 28, 2024

Chair C

1. The Environmental Protection Agency (EPA) is statutorily required to revisit the
Clean Air Act section 111 standards for municipal solid waste landfills this year.

a. Please describe what you think are the best practices for landfill methane
emissions reductions that EPA should consider incorporating into any new
standards? Please include your recommendations, if any, about the extent to
which satellite-based remote sensing should be included in such standards. 1
would also be interested to know the frequency with which methane detection
surveys and monitoring should be conducted.

There are several common-sense updates EPA should incorporate into new section 111 standards
for MSW landfills this year. A stronger rule should, among other changes, improve landfill gas
collection system coverage and performance to increase methane capture, expand methane
monitoring to quickly find and fix more leaks, require landfill cover practices that better mitigate
surface emissions, and encourage organics diversion to avoid future methane generation.

Below, we describe specific strategies that can better control emissions from landfilled organic
waste. The June 2023 petition for rulemaking provides a more comprehensive list of
recommendations to reduce landfill methane emissions.

e Earlier installation and expansion of wells to maximize gas collection system
coverage: According to EPA, 61% of methane generated by landfilled food waste is not
captured by landfill gas collection systems and is released to the atmosphere as fugitive
emissions. Because food waste decays relatively quickly, its emissions often occur before
landfill gas collection systems are required to be installed or expanded. However, it is
technically feasible to install and expand the gas collection system within one year after
waste is placed, rather than the more extended time frames currently allowed (up to 5
years). Eastern Research Group (ERG)'s analvsis for EPA’s 2019 technology review
process for the Sec 112 Clean Air Act standards, found that earlier expansion of gas
control systems (after 2 years) could reduce methane emissions by 300,000 tons per year
at a cost-effectiveness of about $130 per metric ton of methane reduced (or just ~$2/ton
CO2e using the 20-year global warming potential). This is well below the
cost-effectiveness threshold that EPA found to be reasonable for the oil and gas industry.
Using horizontal collectors during the disposal of waste can help capture gas as the lifts
are being constructed, and installing the gas collection system as new waste is buried is
already required under some state laws, Optimizing wellhead spacing can also help
ensure comprehensive coverage and reduce fugitive emissions.

e More robust wellhead tuning and maintenance to boost gas collection system
performance: More frequent wellfield monitoring and adjustments to system vacuum
can help increase landfill gas recovery and limit system downtime. For example,
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automated tuning systems adjust the vacuum continuously, as temperature, pressure, and
weather conditions fluctuate, and can improve methane recovery and reduce fugitive
emissions by 10-20% compared to baseline. These systems can also provide operators
with real-time information on potential issues related to the gas collection system, such as
flooded wellheads or cover integrity issues, to inform timely repairs. Incorporating the
gas collection system into the leachate system, or using gabion cubes along the bottom
landfill liner, can also help enhance drainage, prevent flooding, and limit downtime,
Enhanced landfill cover practices to better control surface methane: Increasing the
thickness and compaction of daily and intermediate cover can allow for greater vacuum
and lower surface methane emissions. Studies have shown that landfill methane
emissions decrease when moving from areas of daily to intermediate to final cover;
reducing lag times between these cover stages and minimizing the exposed surface area
of the daily uncovered working face can help reduce fugitive emissions. Applying a
vegetative biocover as intermediate cover helps to enhance the microbial oxidation of
methane escaping to the surface. A well-made biocover employing a large volume of
aged compost can oxidize up to 35 or 40 percent of the methane in the gas passing
through it.

More comprehensive monitoring surveys to reduce fugitive methane: The White
House monitoring strategy acknowledges that walking surface emission monitoring
(SEM) surveys “are not able to detect all anomalous emissions at a landfill that occur
over a large footprint, some extending for hundreds of acres.” Maryland Department of
Environment estimates that the more robust surface emission monitoring requirements in
their recent rulemaking — which includes a tighter walking pattern — could reduce fugitive
emissions by 10-40%. Advanced methane detection technologies, such as drones, provide
further benefits relative to walking SEM approaches, including expanded coverage of the
landfill surface area (including the active face, construction areas, and steep slopes),
faster survey times, improved worker safety, and more objectivity and replicability. EPA
approved a specific tethered drone as an optional SEM alternative method (OTM-51),
which is cost-competitive with traditional manual SEM. In addition to drone methods,
continuous monitoring systems can be positioned throughout the landfill to provide
operators with real-time data to respond quickly to instances of elevated methane
concentration and inform operational improvements. Environment and Climate Change
Canada (ECCC)’s proposed regulatory framework for reducing Canada’s landfill methane
emissions incorporates both drone and continuous monitoring approaches, while
providing flexibility for alternative monitoring methods with demonstrated performance
equivalency.

Leveraging remote sensing to fix large leaks fast: Remote sensing technologies, like
aircraft and satellites, can alert operators to large methane releases to inform fast
investigation and effective remediation on the ground. For example, state environmental
agencies in California and Pennsylvania worked with third-party aerial monitoring
providers to survey for methane leaks and alerted landfill operators of large detected
plumes. Operators took voluntary action to locate and mitigate the leaks. The overtlights
conducted by the Pennsylvania Department of Environmental Protection, in partnership
with Carbon Mapper, achieved a 37% reduction in observed methane emissions from
landfills. Moreover, EPA finalized a super emitter program in the oil and gas sector Sec
111 rules and could utilize developed program parameters in the MSW landfills sector.
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e High-efficiency flares to avoid methane slip during combustion: Enclosed flares with
high destruction efficiency (>99%) help avoid methane leakage during combustion.
Analysis by the Environmental Integrity Project, based on ERG’s report for EPA’s 2019
NESHAP technology review, found that enclosed flares with a destruction efficiency of
99% could reduce methane emissions by 66,000 tons per year at a cost-effectiveness of
about $250-3490 per ton of methane (or ~$3-%6 per ton CO2e, GWP20).Several states,
including California, Maryland and Oregon already require 99% destruction efficiency.

A recent paper : 3 0ac ' issions, calculated
the emission reduction potennal of different management choices relative to business-as-usual
(BAU) scenarios at North American (NA) landfills. For a typical NA landfill implementing few
best practices, early gas collection and reducing the landfill cell size can reduce methane
emissions by 27% vs. BAU. For a typical landfill implementing some best management
practices, early and extended gas recovery can reduce methane emissions by 38% vs. BAU. Fora
typical landfill implementing nearly all best management practices, early sealing of the landfill
could reduce methane emissions by 44% vs. BAU. According to the paper, these approaches
entail “basic, standardized, technology that can be deployed swiftly and at moderate cost” to
reduce methane emissions today.

On monitoring surveys and remote sensing: Under current section 111 standards, MSW
landfill operators are required to conduct quarterly surface emission monitoring (SEM). Every
calendar quarter, a technician walks the landfill with a handheld gas analyzer (e.g., flame
ionization detector) around the perimeter and in a serpentine walking pattern with 30-meter
spacing to measure surface methane concentrations. Technicians must also monitor at each cover
penetration and areas where visual observations indicate potential gas (e.g., distressed vegetation
and cracks in cover). If the detected concentration exceeds 500 ppm, the landfill operator must
take corrective action to address the exceedance within 10 days. This framework has several
limitations, including its incomplete coverage (hazardous areas, construction areas, steep slopes,
and the active working face are exempt from monitoring), infrequency (quarterly), and
subjectivity (dependent on operator, process, and regulatory interpretation). Furthermore,
traditional SEM surveys are physically demanding with many miles of walking and are
potentially dangerous for technicians due to terrain, weather conditions, and exposure risks. Due
to these limitations, traditional SEM surveys miss methane leaks that could be mitigated. For
example, aircraft and drone surveys have detected significant emissions coming from the
landfill’s active working face, an area currently excluded from SEM due to safety concerns, and
EPA enforcement reports show concerning disparities between the number of exceedances found
by EPA inspectors compared with recent SEM surveys by the operator or contractors.

Advanced monitoring technologies — from satellites to aircraft to drones to fixed sensors — can
significantly improve upon the current SEM framework. These technologies have the ability to
cover the entire landfill surface area, increase the frequency of data collection, improve worker
safety, and provide more objective data that is less susceptible to human error or interpretation,
In a rule update, EPA should incorporate these advanced monitoring technologies — building on
the recent update to the section 111 standards in the oil and gas sector — and account for their
expanded temporal and spatial coverage. Methane-detecting drones, for example, can efficiently
survey the entire landfill surface to identify areas for leak repair or other operational
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improvements, and some operators are conducting voluntary drone surveys on a monthly basis.
Continuous sensor systems, positioned around the landfill, can alert operators of leaks in
real-time, accelerating response times. And, aircraft and satellite remote sensing surveys can
alert operators and the public to large leaks. As Dr. Tia Scarpelli noted in her testimony, through
aerial surveys conducted since 2016, Carbon Mapper has identified large methane emission
sources at over 200 of 300 surveved sites. Current and planned satellite constellations have the
capability to scan large areas and identify high-emissions events at frequent cadences, such as
days to weeks. EPA finalized a Super Emitter Program for the oil and gas sector and should
replicate relevant program parameters for MSW landfills to ensure prompt responses to large
leaks that may otherwise go unchecked during the long intervals between SEM,

b. What lessons can EPA apply from state efforts to reduce organic waste
disposal and to strengthen landfill control measures?

A number of states have either implemented policies or are considering measures that go beyond
the requirements in EPA’s section 111 standards to better control methane emissions from buried
waste. Maryland, Oregon, California, and soon Washington have implemented comprehensive
updates to their state air emissions regulations. The state rules make a number of improvements
to landfill design, operational, monitoring, and reporting requirements to increase methane
capture and reduce fugitive emissions. The Maryland Department of Environment estimates their
rule, once fully implemented,will achieve a 25-50% reduction in emissions from covered
landfills. In addition, several states have taken surgical action to improve landfill regulations
beyond federal standards to set a precedent for the EPA to follow. In Michigan, landfills are
required to monitor for water build-up in wells and conduct monitoring for methane exceedances
within just 180 days of waste being placed. New York requires intermediate cover to be placed
within 30 calendar days, and horizontal gas lines must be installed in putrescible waste as it is
buried. New Jersey requires gas component leak detection and high-efficiency of flares. And
other states are poised to act: Colorado and New York have publicly stated their intent to update
state landfill regulations to better detect and control methane leaks. California is also considering
additional updates to its standard, with CARB stating last May that, “With more than 10 years of
experience implementing the Landfill Methane Regulation, CARB has identified opportunities
for improvement in consideration of new technologies, lessons learned, and the State’s ambitious
methane emissions reduction goals.”

When it comes to keeping organics out of landfills, nine states have policies in place as of 2023
to limit organic waste disposal. Connecticut, Massachusetts, New York, Rhode Island, New
Jersey, Maryland, Vermont, Washington, and California have all adopted state organic waste bans
in the past decade. These state efforts help to avoid landfill methane generation, boost food
donation, create green jobs, and stimulate local economic growth.

State action to reduce landfill methane emissions shows compelling cost-benefits and provides a
model for EPA to advance more comprehensive gas collection, cover practices, monitoring, and
organics diversion. Examples from states across the country underscore that the solutions to
address landfill emissions are viable and cost-effective today, but federal standards and support
will be critical to help scale up these solutions, achieve significant methane reductions, and
protect all communities across the country equitably.
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c¢. Could EPA’s standards be updated to include any waste diversion strategies?

Why or Why not? If yes, what needs to be taken into account if waste

diversion strategies are considered and included?
We strongly encourage EPA to incentivize organics waste diversion strategies through a section
111 update. Waste prevention programs, food rescue, and composting all help to avoid future
landfill methane generation and bring substantial benefits to local food systems, ecosystems, and
economies. One approach, outlined in the June 2023 petition for rulemaking, is for EPA to
expressly identify organics diversion as an alternative compliance method, so long as equivalent
or greater methane reductions are demonstrated, and establish rules for state, local, and tribal
agencies to consider and approve landfill operator plans to divert organic waste rather than
landfilling it.

EPA should also explore other methods under a section 111 rule to keep organic waste out of the
landfill, potentially by requiring on-site separation and processing of organic waste, Sorting or
extrusion technologies can extract the organic fraction of MSW for separate processing at an
on-site composting facility or digester. EPA’s 2022 report, Downstream Management of Organic
Waste in the United States: Strategies for Methane Mitigation, highlights examples of
composting facilities and digesters co-located at landfills, and there are several technologies that
can extract organics from incoming MSW — though precautions would need to be taken to
protect against contamination and ensure safe end uses.

In addition, EPA has other authorities and funding resources beyond section 111 to advance
organics diversion.

2, EPA recently announced grants for landfill methane monitoring research., What
additional research is needed to validate new methods to detect releases of methane
and other pollutants from landfills?

EPA should take an active role in method development and validation for advanced monitoring
technologies. While EPA’s new research grants will help develop methods to guantify landfill
emissions and assess best management practices, which can inform future improvements to
inventories and regulatory standards, we cannot wait for the results of these multi-year research
studies to start deploying readily available technologies for leak detection and repair, especially
when current SEM methods are falling short. Many of these technologies have already been
tested in controlled release studies (e.g., at CSU’s METEC), but EPA plays an important role in
evaluating these technologies and developing standard operating procedures for landfill
applications in a regulatory context. In December 2022, EPA approved a drone-based alternative
to SEM (OTM-51/ALT-150). The agency’s measurement technology group (OAQPS) and
environmental measurement and modeling group (ORD) should accelerate efforts to validate and
incorporate other commercially available monitoring approaches (e.g., laser-based drones,
continuous monitoring systems, and other ground-based and aerial methods) as an alternative
under current landfill standards, which can serve as a glidepath for formal incorporation in the
next section 111 rule update.
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a. What barriers exist to deploying advanced monitoring technologies at scale?
Landfill operators are recognizing the value of advanced monitoring technologies, and several
are deploying these approaches voluntarily for research purposes and/or to inform operations.
EPA should move quickly to certify these technologies, building on OTM-51, and develop
standardized operating procedures to accelerate deployment under the current CAA standards.
But ultimately, the expanded capabilities of these advanced methods warrant formal inclusion in
the updated section 111 standards, so that all landfills are using the most robust, objective,
real-time data available to reduce their fugitive methane emissions. Advanced methods are
cost-competitive with traditional walking surveys, and a regulatory framework should encourage
adoption of the most comprehensive monitoring approaches with timely follow-up to address any
detected methane leaks and robust reporting to share emissions data with the public.

b. What other funding mechanisms exist at EPA to support the use of advanced
monitoring technologies for landfills?

The Inflation Reduction Act (IRA) provides $20 million for methane emissions monitoring, a
portion of which EPA intends to use to procure a set of methane measurement equipment that
can be loaned to states, local governments, and Tribes. Landfills could leverage this equipment
for methane monitoring at their sites. In addition, EPA programs such as the Greenhouse Gas
Reduction Fund, Climate Pollution Reduction Grants, and Community Change Grants can be
leveraged for methane monitoring, mitigation, and reporting at municipal and Tribal landfills.
Furthermore, the IRA funds from the Methane Emissions Reduction Program ($1.55B) can be
used to support methane monitoring, and while focused on the oil and gas sector, third-party
remote sensing campaigns on a national scale could simultaneously provide data to inform
methane mitigation at landfills.

3. The EPA’s October 2023 report entitled, Quantifying Methane Emissions from
Landfilled Food Waste, found that wasted food causes 58% of methane emissions from
municipal solid waste landfills.
a. Please describe further actions from Congress that would help divert food
waste from entering landfills in the first place?

Congress should look to EPA’s recently updated Wasted Food Scale to prioritize efforts to
prevent food loss and waste and advance organics recycling. Expanding funding for food waste
prevention, recovery, and composting programs at the state and local level — such as through the
Solid Waste Infrastructure for Recyeling (SWIFR) and Composting and Food Waste Reduction
(CEWR) grant programs — can help prevent food waste from entering landfills in the first place,
while bringing tangible benefits to local communities,

In addition, while energy projects that use waste feedstocks currently benefit from federal
investment and production tax credits, there are no such incentives for composting facilities,
despite their methane reduction efficiency and substantial benefits for soil health, nutrient
recycling, regenerative farming, and job creation. The Farm Bill presents an exciting opportunity
to advance funding for composting and food waste reduction.
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Other critical actions include implementing national standards for food date labeling (Eood Date
Labeling Act), national standards for compostable products to minimize contamination,
educational and behavioral change campaigns to educate and activate consumers, and compost
procurement policies (e.g., Congress can direct agencies to procure compost from diverted
organics for application in gardens, parks, and roadways).

We also applaud bipartisan efforts from the EPW committee to expand composting in America
(e.g., Recveling and Composting Accountability Act) as well as bicameral legislation to curb
food waste (e.g., COMPOST Act and Zero Food Waste Act).

nator Zman:
1. Based on EPA’s newest reports, food waste is a major source of methane from
landfills and, in 2018, 24% of material sent to landfills was food. We also know food
waste happens across the country, both in rural and urban areas, and solutions
should be tailored to meet local needs. How can improvements be made to increase
composting and recycling in rural communities to keep food waste out of landfills?

Expanding access to food waste recovery and recycling infrastructure is critical to keep
methane-generating waste out of our nation’s landfills. In rural communities, creating food scrap
drop-off locations and supporting on-farm or community composting infrastructure can deliver
local environmental, economic, and social benefits — boosting soil health, conserving water. and
providing plant nutrition.

The federal government can support local programs by expanding grants and incentives for food
waste recovery and composting collection and processing infrastructure, such as through the
Solid Waste Infrastructure for Recycling (SWIFR) and Composting and Food Waste Reduction
(CFWR) grant programs The Farm Bill also presents an exciting opporrunity to advance funding
for composting and food waste reduction. In rural communities, recognizing compost (or soil
carbon amendment) as a conservation practice can help farmers, ranchers and forest stewards

apply for financial assistance.

We applaud recent bipartisan efforts from the EPW committee to expand composting in America,
including through the Recyeling and Composting Accountability Act. At the same time, support
for methane abatement at municipal landfills will help better control harmful emissions and
co-pollutants from previously landfilled organic waste.
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Senator CAPITO. Thank you.
Ms. Scarpelli.

STATEMENT OF TIA SCARPELLI, PH.D., RESEARCH SCIENTIST
AND WASTE SECTOR LEAD, CARBON MAPPER

Ms. SCARPELLI. Good morning, Chairman Carper, Ranking Mem-
ber Capito, and members of the committee. Thank you for the op-
portunity to speak before you today.

My name is Dr. Tia Scarpelli, and I am a Research Scientist and
the Waste Sector Lead at Carbon Mapper. Carbon Mapper is a non-
profit organization with a mission to deliver actionable and trans-
parent methane and CO, emissions data that can be used to inform
and accelerate emissions mitigation.

Our work to use remote sensing to detect and quantify localized
methane emissions is grounded in over a decade of methane re-
search conducted by National Aeronautics and Space Administra-
tion (NASA) Jet Propulsion Laboratory (JPL), as well as published
in science-based literature.

I have three messages that I would like to express today. No. 1,
that landfills are a major source of methane emissions; No. 2, mon-
itoring technologies show persistent large emissions at landfills re-
lated to specific processes and facility infrastructure; and No. 3, ad-
vanced monitoring is a critical tool in our current toolbox to guide
mitigation and verify emissions reductions.

Landfills are an important contributor to U.S. methane emis-
sions. Through aerial surveys conducted since 2016, we have sur-
veyed 300 of over 1,200 open landfills. It identified large methane
emissions sources at over 200 sites. Over a third of these landfills
have been observed emitting more than 1,000 kilograms of meth-
ane per hour, with high methane concentrations sometimes extend-
ing kilometers in length away from the landfill. Per year, the emis-
sions from this handful of landfills account for one-quarter of the
U.S.’s waste sector methane emissions in 2021.

Many of these large methane emissions come from two main
sources. One is the landfill’s surface, and the other is landfill gas
infrastructure. Both can be mitigated using available technologies.
These large methane sources often persist for days, months, and
even years.

For both of these categories, advanced monitoring technologies
are readily available to help operators more efficiently monitor
methane while also supporting more cost effective emissions man-
agement. There is an opportunity for data-driven methane mitiga-
tion at landfills.

Remote sensing is an advanced monitoring technique that gen-
erates high resolution images of methane gas. In many cases, we
are able to precisely determine where the source is located on the
landfill. We have identified some of the highest emitting sources at
U.S. landfills, enabling prioritization for mitigation.

Studies have also shown discrepancies between observed and re-
ported emissions. This indicates that many of these large, per-
sistent landfill emissions are not included or are misrepresented in
traditional emissions accounting methods. Given the dynamic na-
ture of landfills, a routine and comprehensive monitoring system is
critical for assessing emissions and verifying mitigation. At the
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Sunshine Canyon Landfill in California, for example, airborne mon-
itoring showed large emissions from surface cover.

In collaboration with the operator and local agencies, our obser-
vations informed improvements to cover material and the gas cap-
ture system, and followup monitoring verified that emissions were
reduced. There is no single monitoring technology that can see all
of the methane at the granularity that is needed at landfills. We
need a portfolio of solutions that includes ground-based, aerial, and
satellite technologies.

Currently, walking surveys are done quarterly at landfills using
handheld methane detectors. These traditional surveys only cover
a portion of the landfill and do not cover dangerous areas, like the
landfill workface. This is the area where new waste is added, which
means that large emissions sources may be missed during the sur-
vey.

Emerging technologies are already being deployed at landfills, in-
cluding the use of drones for leak detection and the use of airborne
and satellite remote sensing to identify high emitters. With more
wide-scale adoption across U.S. landfills, these technologies can en-
able significant methane reductions.

Increased monitoring in itself is not enough. There is an addi-
tional need for voluntary action by operators or regulations to ad-
dress methane leaks once they are identified.

In closing, I offer these key takeaways: No. 1, remote sensing
technologies are making methane emissions visible and can help
the waste sector identify large emissions sources, improve emis-
sions estimate and support cost effective emissions management to
minimize methane loss in the first place. No. 2, landfills are com-
plex systems. They need comprehensive monitoring the leverages
all the tools in our 21st century toolbox while giving operators
flexibility to choose cost-effective methods that maximize mitigation
potential or return on investment.

I want to thank the committee for their work and the oppor-
tunity to share this research with you today. I look forward to your
questions.

[The prepared statement of Ms. Scarpelli follows:]
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Testimony of Dr. Tia Scarpelli,
Research Scientist and Waste Lead, Carbon Mapper

Oral Statement
Good morning Chairman Carper, Ranking Member Capito, and Members of the Committee.
Thank you for the opportunity to speak before you today.

My name is Dr. Tia Scarpelli, and I'm Research Scientist and the Waste Sector Lead at Carbon
Mapper. Carbon Mapper is a non-profit organization with a mission to deliver actionable and
transparent methane and CO; emissions data that can be used to inform and accelerate emissions
mitigation. OQur work to use remote sensing to detect and quantify localized methane emissions is
grounded in over a decade of methane research conducted through NASA’s Jet Propulsion
Laboratory as well as published in the science-based literature.

I have three messages I'd like to express today:
1. Landfills are a major source of methane emissions in the United States
2. Monitoring technologies show persistent large emissions at landfills related to specific
processes and facility infrastructure
3. Advanced monitoring is a critical tool in our current toolbox to guide mitigation and
verify emissions reductions

Landfills are an important contributor to US methane emissions. Through aerial surveys
conducted since 2016, we have surveyed 300 of over 1200 open landfills and identified large
methane emission sources at over 200 sites. Over a third of these landfills have been observed
emitting more than 1000 kilograms of methane per hour with high methane concentrations
sometimes extending kilometers in length away from the landfill. Per year, the emissions from
this handful of landfills account for one quarter of the US reported waste sector methane
emissions in 2021,

Many of these large methane emissions come from two main sources - one is the landfill
surface and the other is the landfill gas infrastructure, which can be mitigated using
available technologies. These large methane sources often persist for days, months, and even
years. For both of these categories, advanced monitoring technologies are readily available to
help operators more efficiently monitor methane while also supporting more cost-effective
emission management,

There is an opportunity for data-driven methane mitigation at landfills. Remote sensing is
an advanced monitoring technique that generates high resolution images of methane gas - in
many cases we're able to precisely determine where methane is being emitted from at the landfill.
We have identified some of the highest emitting sources at US landfills, enabling prioritization
for mitigation. Studies have also shown discrepancies between observed and reported emissions.
This indicates that many of these large persistent landfill emissions are not included - or are
misrepresented - in traditional emissions accounting methods.
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Given the dynamic nature of landfills, a routine and comprehensive monitoring system is critical
for assessing emissions and verifying mitigation. At the Sunshine Canyon Landfill in California
for example, airborne monitoring showed large emissions from surface cover. In collaboration
with the operator and local agencies, our observations informed improvements to cover material
and the gas capture system, and follow-up monitoring verified reduced emissions.

There is no single monitoring technology that can “see” all of the methane at the
granularity that’s needed at landfills. We need a portfolio of solutions that includes
ground-based, aerial, and satellite technologies. Currently, walking surveys are done quarterly
at landfills with handheld methane detectors. These traditional surveys only cover a portion of
the landfill and do not cover dangerous areas like the landfill work face - the area where new
waste is added - which means that large emission sources may be missed during the survey.

Emerging technologies are already being deployed at landfills, including the use of drones for
leak detection and the use of airborne and satellite remote sensing for identification of high-
emitters. With more wide-scale adoption across US landfills these technologies can enable
significant methane reductions. Increased monitoring in itself is not enough, there is an
additional need for voluntary action by operators or regulations to address methane leaks once
identified.

In closing, 1 offer these key takeaways:

1. Remote sensing technologies are making invisible methane emissions visible - and can
help the waste sector identify large emission sources, improve emission estimates, and
support cost-effective emissions management to minimize methane loss in the first place.

2. Landfills are complex systems and they need comprehensive monitoring that leverages
all of the tools in our 21st century toolbox while giving operators flexibility to choose
cost effective methods that maximize mitigation potential or return on investment.

I want to thank the committee for their work and the opportunity to share this research with you
today. I look forward to your questions.
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WRITTEN TESTIMONY
1. Introduction

Methane is a potent greenhouse gas with nearly 90 times the heat-trapping power of CO; over a
20 year time frame. Because methane is a short-lived climate pollutant, action to mitigate
methane emissions can have near term benefits for the climate and in many cases there are
existing technologies that can reduce emissions today. The waste sector accounted for 18.5% of
2021 US methane emissions with most emissions related to municipal solid waste landfills (U.S.
EPA, 2023).

The decomposition of organic material deposited at landfills generates methane and if not
collected or destroyed this methane can be released to the atmosphere. There are operational
practices and design measures, including installation of a gas capture system, that can be
implemented at a landfill today. These systems increase landfill gas capture so that it can be sent
to a destruction device like a flare or collected for beneficial use. Methane can escape from the
landfill as a diffuse area emission or as a more concentrated emission, also referred to as a point
source emission. Point source emissions may be related to methane leakage from infrastructure,
like a flare stack or gas well, or leakage from a specific region of the landfill like the landfill
work face where waste is actively deposited.

Advanced monitoring technologies exist that can detect and quantify these large methane point
source emissions, including airborne and satellite remote sensing. Many remote sensing
technologies use an imaging spectrometer, which can detect a methane emission rate as low as 5-
10 kg/hr as it is released from the point source. As shown in Figure 1, the high-resolution data
from these technologies allows us to identify the likely locations on the landfill surface from
which the methane is emitted. Airborne and satellite observing systems can monitor potential
point sources distributed across regional to global scales, including the detection of large
methane point sources in the oil/gas, coal, livestock, and waste sectors.

My testimony focuses on the use of remote sensing for detection and quantification of methane
point sources. Methane research using this technology goes back over a decade at NASA’s Jet
Propulsion Laboratory. Carbon Mapper uses imaging spectrometers on aircraft, including
NASA’s Next Generation Airborne Visible/Infrared Imaging Spectrometer (AVIRIS-NG) and
Arizona State University’s Global Airborne Observatory (GAO), and from space, including the
NASA EMIT instrument on the international space station. To date, these technologies have
participated in many scientific studies that mapped methane sources in the US, including onshore
and offshore oil and gas sources (Cusworth et al., 2021; Ayasse et al., 2022), various sources in
major oil and gas basins (Cusworth et al., 2022), and multiple economic sectors in the state of
California (Duren et al., 2019). The methods underpinning detection and quantification of
emissions from the AVIRIS-NG and GAO aircrafts have been validated by numerous controlled
release tests (Ayasse et al., 2023; Thorpe et al., 2016) to establish minimum detection
capabilities for these observing platforms.

Use of this technology has shown that—when armed with data and insights on methane point
sources—people can take action to mitigate these emissions. It was these research findings and



38

the support of philanthropic donors that motivated the formation of a public-private partnership
with Carbon Mapper, JPL, Planet, the state of California, RMI, Arizona State University and the
University of Arizona to launch satellites starting this year (using the same imaging spectrometer
used successfully with airborne studies) to routinely detect, pinpoint, and quantify high emission
methane and CO; sources globally.

2. Summary of Research Findings

Landfill methane emissions and sources

Through aerial surveys conducted since 2016, Carbon Mapper has surveyed over 300 of roughly
1200 open landfills in the US and identified large methane emission sources at over 200 of these
sites. This handful of US landfills emit approximately 39 MMT CO2e per year which translates
to one quarter of the US reported waste sector emissions in 2021 and one third of reported
emissions for landfills'. Emissions at landfills have been observed at over 1000 kilograms of
methane per hour with high methane concentrations sometimes extending kilometers in length
away from the landfill. Figure 1 shows example images of methane plumes at landfills in the
United States?.

The California Methane Survey was one of the early studies to use remote sensing to map
methane point sources and demonstrate their prevalence across economic sectors, including
landfills. The survey was a multi~year study started in 2016 that used an advanced NASA
imaging spectrometer onboard aircraft to map large methane point sources across California
(Duren et al., 2019). The initial survey took place in 2016 and 2017, covering 60% of
California’s methane emitting infrastructure, including over 270 landfills (both open and closed).
The survey found that a subset of California landfills (32 facilities) were the largest observed
emission sources. These landfills accounted for 41% of the total observed methane point source
emissions with construction activities, gaps in landfill cover, and leaking gas wells identified as
sources of emissions at the landfills (Duren et al., 2019).

An additional study using the California Methane Survey observations found that methane point
sources could also be related to the landfill work face (Cusworth et al., 2020). The work face is
where new waste is placed at the landfill and an earthen material cover is placed over the new
waste daily, primarily to reduce odors and vectors (e.g., rodents). This region of the landfill can
be difficult to monitor with traditional methods (SEMs walking surveys EPA Method 21) due to
operator traffic, unstable waste, and the potential for the work face to shift location day-to-day.
Methane emissions related to the landfill work face were not seen extensively during the
California Methane Survey, but Carbon Mapper flights in other regions have shown large
emissions from the work face at many landfills. Figure 2 shows example images of methane
plumes from the landfill work face.

1 Determined using the EPA reported 146 MMT CO2e for 2021 waste sector methane emissions and 123 MMT CO2e for
methane emissions specific to landfills (U.S. EPA, 2023). Carbon Mapper observed emissions are averaged by landfill across
2016-2023 and then summed across US landfills to get 160,000 kilograms of methane per hour and converted to CO2¢ using the
EPA GHG Equivalency Calculator.

2 A methane plume is an enhancement of methane (i.¢., region of higher concentration compared to the background methane
concentration) in the atmosphere, originating from a methane emission source.
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Similar to the California Methane Survey results, aerial monitoring using independent methods®

has shown emission rates of 90-3275 kilograms of methane per hour for medium to large
landfills with gas capture systems in California (Hanson et al., 2020). Ground-based
measurements’ in the same study found that areas of the landfill with daily cover (daily cover is
placed over the work face at the end of the working day) had the highest methane fluxes while
areas with final cover had the lowest methane fluxes (Hanson et al ., 2020). A study of 20 US
landfills also found that emissions were highest from the work face with and without daily cover
compared to the parts of the landfill under intermediate and final cover (Goldsmith et al, 2012).

In addition to California, Carbon Mapper and partners at JPL, the University of Arizona and
Arizona State University have observed over 300 landfills in 29 states with airborne remote
sensing from 2016-2023% Large methane emissions were detected at a majority of these landfills
with emissions persisting over multiple revisits and in some cases across multiple years. This
makes landfills distinctly different from oil and gas methane sources, which tend to be more
intermittent and shorter-lived. Because of this, there is potentially a large climate benefit to
mitigating these persistent landfill sources given that they account for a large fraction of waste
sector emissions (Cusworth et al., in review).

Entities ranging from national/state governments to major US companies, have made
commitments to reduce methane emissions. Methane emission reduction targets typically rely on
models and inventories to estimate baseline emissions and make projections of potential
emissions reductions. Remote sensing observations show that waste sector methane emissions in
the US national inventory (Nesser et al., 2023) and facility reported emissions in the Greenhouse
Gas Reporting Program (GHGRP; Cusworth et al., in review; Nesser et al., 2023) may
underestimate methane emissions for a subset of US landfills. Carbon Mapper data also shows a
subset of US landfills that over-report emissions compared to the GHGRP. Studies have
attributed the disagreement between the GHGRP and observations to an overestimation of gas
recovery efficiencies (Nesser et al., 2023) and abnormal operations like construction or well
drilling (Nesser et al., 2023; Cusworth et al., in review). Carbon Mapper surveys also show
evidence of work face emissions for a majority of landfills that report lower emissions compared
to observations, indicating that GHGRP methodologies may not adequately account for this
source.

Remote sensing data as a fool for mitigation

Aerial and satellite remote sensing data has been used to notify operators of large emission
events. In many cases, operators have taken voluntary action to investigate and address methane
leaks once notified. Two examples are outlined below where aerial remote sensing data was used
to notify operators of large emissions in partnership with state agencies.

Airborne remote sensing observations were collected in California in 2020 and 2021 in
partnership with the California Air Resources Board (CARB). During these flights, CARB was
quickly notified of methane plumes so that notifications could be shared with facility operators
leading to voluntary follow-up investigation of emissions. CARB reported that the observations

3 The aerial monitoring was done using a mass balance measurement approach where methane is measured directly upwind and
downwind of the landfill while the ground-based meastrements were done using flux chambers (Hanson et al., 2020).
*# Data can be found a https://data.carbonmapper.org.
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directly supported mitigation in just under half of the incidents where notifications were shared
(CARB, 2023). Over 50 incidents (unique methane plume detections) were sent to operators at
landfills. Follow-up measurements were done by operators for just under half of the methane
plume detections, and operators commonly identified construction activity on the landfill
surface, malfunctioning gas wells, and cracks in surface cover as sources of emissions (CARB,
2023). The highest observed emissions were associated with construction events and the practice
of taking wells offline near the work face where new waste was being deposited (CARB, 2023).

Similar airborne observations were collected in Pennsylvania in partnership with the
Pennsylvania Department of Environmental Protection. During the flights, 10 discrete methane
sources were detected at landfills and shared with operators. For a majority of these detected
sources, follow-up investigation was done by operators to verify the source and voluntary
mitigation action was taken (Pennsylvania DEP, 2022). Landfill 2 in Figure 2 shows an example
of a methane plume from this airborne study coming from the work face. Methane sources
identified by operators included the erosion of temporary liners and malfunctioning wells in the
work face area, and both sources were reported mitigated by operators through installation of gas
surface collectors and well repair (Pennsylvania DEP, 2022).

3. Best practices and methane monitoring

Landfill best practices

We have used remote sensing observations to investigate the large methane emission sources at
landfills, including the landfill work face, cracks or gaps in cover, venting flare stacks, and leaks
from the gas capture system (e.g., flooded or down wells). There are existing best practices that
can address these sources. For example, the use of biocovers can prevent large emissions through
gaps or cracks in cover, and early gas capture system expansion and minimization of the work
face area can reduce methane emissions related to the placement of new waste at landfills. In
addition to methane monitoring, continuous monitoring of analytics, like pressure and
temperature, at gas capture wells and flare stacks can be used to identify component malfunction
leading to early mitigation of methane leaks from these infrastructure.

In some cases, remote sensing has been used to verify that best practices lead to emissions
reductions. This is done by observing the site before and after mitigation steps are taken to verify
a change in emissions. For example, large methane emissions were observed at the Sunshine
Canyon Landfill in California during the California Methane Survey. The source of emissions
was identified as the intermediate cover slopes of the landfill and the Sunshine Canyon Landfill
Local Enforcement Agency was notified. It was found that non-standard practices of not
removing daily cover before new waste placement had led to reduced methane flow to the gas
capture system and resulted in increased pressure buildup and methane leakage. Mitigation
efforts were undertaken including installing additional landfill gas collection pipes, new
horizontal and vertical wells, and new surface cover (Cusworth et al., 2020). Methane observed
at the landfill decreased after these mitigation steps were taken, and an added benefit was a drop
in the number of odor complaints from the surrounding community.

Large emissions have been observed at landfills with gas capture systems in place. Improved
operational practices and methane monitoring can help reduce emissions, but preventing the
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organic waste from entering the landfill is also key. By diverting organic waste from the landfill,
we reduce the potential methane generation and the potential for large methane leaks. Previous
studies have shown methane point source emissions at compost piles and solid waste digesters
(Cusworth et al., 2020; Duren et al., 2019), so it is important to follow best practices at these
waste diversion sites and continue to use methane monitoring.

Role of advanced monitoring

In addition to best practices at landfills, methane monitoring is key for reducing emissions.
Monitoring can be used to identify and quantify methane emission sources at the landfill.
Advanced monitoring technologies include various forms of sensors and platforms that can be
combined in different ways. Sensors may measure methane directly from the atmosphere or
indirectly in the form of passive or active remote sensing (Ayandele et al., 2022). Sensors used
for continuous monitoring are stationary and can be placed across the landfill surface or around
the landfill boundary. Sensors that measure methane directly or use passive or active remote
sensing can be placed on mobile platforms including drones, vehicles, aircraft, or satellites.

Typically, monitoring instruments are either designed to (1) pinpoint the location of leaks or (2)
provide an estimate of the methane emissions for the facility. For leak detection, the goal is to
identify the location of high methane concentrations across the landfill. An ideal monitoring
system for leak detection would identify these hotspots with high spatial accuracy and be cost-
competitive with existing monitoring methods. For methane emissions quantification, the goal
is to provide an emission rate for the facility to identify any unknown large emission events that
could indicate abnormal operations. An ideal monitoring system would observe the entire landfill
and provide some indication of where the large emission source is located at the site (to guide
follow-up investigation). Methane monitoring technologies that perform these tasks already exist
and are being used at landfills, including the use of drones for leak detection and the use of
airborne and satellite remote sensing for identification of high-emitters.

Current leak detection at landfills consists of quarterly walking surface emission monitoring
(SEM). The limitations of a walking SEM include the subjective nature of identifying potential
leak points and the potential for large emissions in dangerous areas like side slopes or the work
face. Existing advanced monitoring technologies can be used for on-site leak detection to
identify emission hotspots across the surface of the landfill. Drone monitoring for example can
provide more complete coverage of the landfill surface, including the landfill work face which
has been identified as a potentially large emission source that is missed by traditional SEM.
Drone monitoring is already performed at landfills, and there is an existing drone-based
alternative test method for Method 21 (traditional walking SEM).

Airborne and satellite remote sensing technologies are designed to survey a broad geographic
area to quickly identify any landfills with abnormally large emissions. Carbon Mapper airborne
data has been used in this framework to detect large emission events. For example, operators
were notified of large emission events in California through partnership with CARB (CARB,
2023) and a similar notification process was followed in Pennsylvania (Pennsylvania DEP,
2022). For both studies, landfill operators reported performing follow-up verification of the
methane leak and identified the emission source, and in some cases, operators were able to
mitigate the emissions.
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4. Recommended Next Steps

There are unique opportunities for mitigation of large methane point sources at landfills. In the
oil and gas sector, there have been advances in the use of monitoring technologies for quick
detection and mitigation of methane emission events. We have observed large methane point
sources at landfills similar to the oil and gas sector, and notification of large emission events
have been used to notify operators of anomalous activity, leading to follow-up investigation and
emissions mitigation. In order to advance methane mitigation at landfills, the following
recommendations should be considered:

1. Review of landlfill best practices. Studies have shown that the landfill gas capture system,
side slopes under intermediate cover, and the work face can be large sources of methane
at US landfills. Required best practices at large landfills should be updated to include
engineering features and operational practices that reduce emissions from these sources.

2. Development of a comprehensive monitoring strategy. Monitoring and managing
methane leaks at landfills is possible with a portfolio of monitoring technologies,
including ground-based, aerial, and satellite technologies. A comprehensive strategy must
address both leak detection across the landfill surface and the identification of high-
emitting facilities. For example, drone monitoring may be used for quarterly surveys that
prioritize leak detection while outside of those quarterly surveys airborne and satellite
remote sensing would identify large, anomalous emitters, allowing industry to prioritize
large leaks for mitigation. The identification of high-emitters using remote sensing is
already being done for the oil and gas sector through the Super-emitter Response
Program, so there is a ready opportunity to have these same instruments also identify
high-emitting landfills, providing landfill operators with more tools to enable mitigation.

3. Review of reporting frameworks: The emissions quantification capabilities of airborne
and satellite remote sensing instruments can be used to assess existing reporting methods.
Reconciling the reported and observed emissions will be key for tracking progress toward
national and sub-national emission reduction targets.

In closing, there is a major opportunity to address methane emissions in the US by mitigating
large methane sources at landfills. To do this, landfill best practices must be updated and a
comprehensive tiered monitoring strategy must be developed based on the current understanding
of the activities and infrastructure leading to methane emissions at landfills.

Thank you for the opportunity to testify and I look forward to your questions,
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Figure 1. Examples of methane plumes at US landfills observed by Carbon Mapper
(https://data.carbonmapper.org/). All methane plumes shown here have emission rates greater

than 1000 kilograms of methane per hour.
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Landfill 1
Methane plume

Lanﬁll 2

Figure 2. Landfill methane plumes originating from the work face. The images show the landfill
surface at the time of the observation with the work face outlined in the white dotted line. Inset
images show the methane plumes observed.
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Senate Committee on Environment and Public Works

Hearing Entitled “Avoiding, Detecting, and Capturing Methane Emissions from Landfills”

January 31, 2024
Questions for the Record for Dr. Scarpelli

Chairman Carper

1.

Please provide specific examples on how aerial monitoring can provide technical
assistance to landfill operators in order to reduce and detect methane leaks.

You can’t manage what you don’t measure, however, measuring - and managing -
methane at landfills can be a challenge due to their dynamic nature. Remote sensing
provides a unique opportunity to fill critical monitoring gaps at landfills by helping
identify large emission sources, improve emission estimates, and support cost-effective
emissions management to minimize methane loss in the first place.

Regular monitoring using remote sensing can provide a quick indication of when and
where large methane leaks are occurring and guide follow-up mitigation action. This
includes providing (1) a list of individual landfills that have large emissions to prioritize
for mitigation (the same list of large emitters may not match the large emitters predicted
by models), (2) an approximate location of any emission source (down to an emission
rate of 5-10 kg/h) on the landfill surface to guide follow-up by the operator, and (3) an
indication of the persistence of the each emission source (is the source still emitting as
the site is re-visited). This has been tested in practice with CARB and Pennsylvania DEP
where a number of landfills across the state were observed, the locations of detected
emission sources were shared with operators, and, in some cases, the operator voluntarily
verified the source on the ground and took mitigation action.

After mitigation action, aerial surveys can verify that emissions are reduced, and regular
monitoring ensures that changes made to the landfill do not lead to new emission sources.
At the Sunshine Canyon landfill, aerial monitoring identified large emissions from
surface cover. This information, including the detected emissions and location of the
emission source, was shared with the operator and local agencies. The operator made
changes to the cover material and the gas capture system, and aerial monitoring was used
to verify that the changes made did lead to emissions reductions.

By identifying the processes and infrastructure responsible for large emissions, the
observations can guide best practices, preventing future methane leaks. Remote sensing
technologies, including aerial and satellite monitoring, provide an efficient and rapid way
to inform identification and remediation of large emission events on the ground. These
technologies have identified and attributed large, localized emissions at landfills to the
work face, gas destruction devices, gaps or cracks in surface cover, malfunctioning gas
wells, and construction activities.
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2. What information or recommendations do you have regarding the ways in which
aerial monitoring can or should be combined with other systems and platforms in
order to maximize the effectiveness and efficiency of landfill monitoring?

Airborne and satellite remote sensing instruments are ideal for surveying multiple facilities
across a region (e.g., aircraft typically survey across a state for a single campaign whereas a
satellite can observe sites across the country and globally). Carbon Mapper uses instrument
technology (imaging spectrometer) designed to detect and quantify large, localized sources with
fine spatial accuracy (i.e. a localized site at the scale of meters). These types of instruments are
traditionally deployed on aircraft or satellites, providing a wide field of view that can effectively
identify large emission sources across the entire landfill surface or from neighboring facilities
like a renewable natural gas facility. The data produced by these instruments includes the
Jocation of the emission source at high spatial resolution, an image of the methane plume that is
being emitted by the source into the atmosphere, and an emission rate. The location of the source
can have an uncertainty of 50-100 meters for landfills.

These instruments are ideal for identifying the facilities that have large emission events and the
region within the facility where the emission source is located. This information can be used to
prioritize the landfills and the sources within those landfills with the highest and most persistent
emissions. For the operator to take mitigation action, the operator should be rapidly notified of
any large emission sources and provided with the approximate location. Operators may choose to
do follow-up investigation on-site using other advanced monitoring technologies with finer-scale
spatial resolution like drone-mounted remote sensing instruments to further localize the source.

Because imaging spectrometers are designed to see large, localized sources, other types of
advanced monitoring can be used to look for smaller and more diffuse sources across the landfill
surface. The choice of technology will vary depending on whether the goal is to gquantify these
more diffuse emissions or identify and repair the methane leak. If the survey of diffuse sources
finds anomalously high methane concentrations at the landfill, this can be followed-up with
satellite remote sensing observations to verify if a large methane emission is occurring and repeat
monitoring can verify if this large event persists after corrective action is taken.
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3. EPA recently announced grants for landfill methane monitoring research. What
additional research is needed to validate new methods to detect releases of methane
and other pollutants from landfills?

1. What barriers exists to deploying advance monitoring technologies at scale?
2. What other funding mechanisms exist at EPA to support the use of advance
monitoring technologies for landfills?

Monitoring and managing methane leaks at landfills is possible using monitoring technologies
that exist today. There are two related but distinct needs for landfill methane monitoring: one is
to support ongoing operational management on the ground through leak detection and the other
is annual-scale quantification to support emissions accounting. Advanced methane measurement
technologies including remote sensing satellites and aircraft as well as low-altitude drones have
demonstrated the ability to detect and precisely locate sources of high methane emissions within
landfills. Pilot studies across the US — including those that benefit from site-level feedback from
operators — are demonstrating that many advanced monitoring technologies are ready for prime-
time today in terms of guiding mitigation action through the detection of large emission events
and the rapid notification of these events to operators. In addition to rapid notification of high
emission events to operators for expedited attention, monitoring systems should publish methane
data on a regular basis to improve situational awareness and inform communities and local, state
and federal policy-makers.

There is an urgent need and opportunity to begin operational deployment now of such systems at
scale for active municipal solid waste landfills across the US. Operational scale-up of such
systems should provide routine (ideally weekly or better) monitoring of all active landfills
participating in EPA’s Greenhouse Gas Reporting Program (GHGRP) with notification to
operators of high emission events within several days of detection followed by public release of
methane data following completion of quality control review. Satellite remote sensing is well
suited to routine monitoring across the US of GHGRP landfills, though a constellation of
satellites is needed to achieve high cadence revisits of each landfill (weekly or better). The
primary barriers to operational scale-up of such systems are financing and data transparency -
complicated by the highly fragmented nature of landfill management in the US. Congress can
help remove these barriers by appropriate federal funding in the form of EPA competitive grants
for methane data delivery services to landfill operators, local and state regulators, and
communities that meet specified requirements for precision, visualization, timeliness, and
transparency.

Meanwhile, continued landfill methane monitoring research - such as that funded by EPA’s
research division' - can help reduce uncertainty in quantitative emission estimates. Additional

1h“95 Jiwww.epa.goviresearch-grants/understanding-and-control-municipal-solid-waste-land fill-air-
emissions-grants
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recommendations regarding the operational leak detection and annual quantification needs are
detailed below.

Additional research needs:

® The current standard for annual emissions accounting (e.g., GHGRP) is to use models
and standard emission factors to generate facility-scale emission inventories, Research
shows that those traditional bottom-up approaches often fail to account for real-world
conditions at the landfill including leaks and features that aren’t included in the models.
This is an area where advanced measurement technologies can supplement the models
and facility data to improve annual accounting. This system of systems approach to
accounting is being actively matured and validated on multiple fronts today by some
major landfill management companies as well as multiple research teams, including
several funded by the EPA.

e There are other pollutants that are co-emitted with methane from landfills. We can
observe methane emitted from landfills from space, and we can use these observations to
infer population exposure to other co-emitted pollutants if we know the emission ratio of
these pollutants compared to methane. Research teams, including those funded by the
EPA, are actively investigating the ratios of these pollutants to methane and how these
ratios vary with other factors (e.g., waste composition and age, etc.) and how methane
monitoring can be used to investigate community health concerns.

Sealing up advanced monitoring:

e For operational methane management at landfills: Deployment of advanced monitoring at
scale across US landfills for leak detection is limited by the availability of timely,
accessible, and transparent data. While philanthropists and science agencies have
supported years of critical research studies for technology development, there is an urgent
need going forward for public funding that can support timely and trusted methane
monitoring from advanced measurement technologies ranging from satellites and aircraft
to drones and surface sensors. A federal program is needed that offers competitive grants
for operational methane monitoring, providing much needed technical support for landfill
operators and municipalities across the US, There is an opportunity to leverage IRA
funds from the Methane Emissions Reduction Program ($1.55B) to support methane
monitoring. While focused on the oil and gas sector, third-party remote sensing
campaigns on a national scale could simultaneously provide data to inform methane
mitigation at landfills.

e For emissions accounting at landfills: A portfolio of advanced monitoring technologies is
needed to see all the emissions at a landfill. A major barrier to scaling up the use of these
technologies for emissions accounting at landfills is the lack of a comprehensive strategy
for reconciling these multi-scale observations and existing models. This strategy should
address how the various technologies, including ground-based, aerial, and satellite
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technologies, can inform a baseline facility emission estimate and how the observations
can inform model improvements, including the magnitude of emissions and the nature of
the emission sources (i.e., the relative contribution of the different sources at the landfill
to overall emissions). To develop this strategy for improving emissions accounting, there
is a need to assess the emissions data provided by a portfolio of monitoring technologies
at landfills. Much of this data will already be collected by scaling up operational
monitoring, as noted above, and by making this data public, the observations can serve an
additional need to inform improvements in emissions accounting.

Senator Boozman:

1. Based on EPA’s newest reports, food waste is a major course of methane from
landfills and, in 2018, 24% of material sent to landfills was food. We also know food
waste happens across the country, both in rural and urban areas, and solutions
should be tailored to meet local needs. How can improvements be made to increase
composting and recycling in rural communities to keep food waste out of landfills?

Remote sensing observations of methane at US landfills show that the landfill work face - where
new waste is placed at the landfill - can be a source of large methane emissions. Improved
operational practices, guided by routine methane monitoring, can help reduce emissions from the
work face, but preventing the organic waste from entering the landfill is also key. By diverting
organic waste from the landfill, we reduce the potential for methane generation and large
methane leaks at the landfill. Previous studies have also shown that large methane sources can
occur at compost piles and solid waste digesters. It will be important for waste diversion
facilities to follow best practices that avoid large methane emissions to ensure that waste
diversion practices have the intended impact of reducing methane emissions from waste. Scaling
up methane monitoring across the waste sector, including at large waste diversion facilities, can
help to ensure those operations are functioning as intended and verify that best practices (e.g.,
aeration of compost piles) are avoiding the generation of these large methane emissions.
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Senator CAPITO. Thank you, and I apologize; I left the Doctor
part out of your first name of your address, so I apologize for that.

Ms. ScARPELLI. No problem.

Senator CAPITO. Ms. Germain.

STATEMENT OF ANNE GERMAIN, P.E., BCEE, CHIEF OPER-
ATING OFFICER AND SENIOR VICE PRESIDENT OF REGU-
LATORY AFFAIRS, NATIONAL WASTE AND RECYCLING ASSO-
CIATION

Ms. GERMAIN. Thank you. Chairman Carper, Ranking Member
Capito, members of the committee, thank you for allowing me to
testify today on opportunities to avoid, detect, and reduce landfill
methane emissions.

My name is Anne Germain, and I serve as the Chief Operating
Officer and Senior Vice President of Regulatory Affairs at the Na-
tional Waste and Recycling Association. We are a trade association
representing the private sector waste and recycling industry.

Landfills protect the environment by responsibly managing soci-
ety’s waste. Our sector is subject to extensive Federal, State, and
local requirements, including stringent design, operating, moni-
toring, closure, and post-closure standards established under the
Resource Conservation and Recovery Act (RCRA) as well as landfill
gas collection and control requirements under the Clean Air Act.

Besides these regulatory obligations, we have made significant
advancements in landfill gas capture and control systems that
meet or exceed our regulatory requirements. We also closely mon-
itor emissions from our landfills and engage in corrective actions
swiftly and efficiently. We are actively deploying infrastructure
that transforms yesterday’s waste into renewable energy, which
can power communities, fuel vehicles, and support progress in off-
setting the impacts of climate change.

Recently, a narrative has emerged that air emissions from land-
fills have increased. Based on data from the EPA, however, munic-
ipal solid waste landfills air emissions have declined by nearly 45
percent between 1990 and 2021. All the while, landfill waste vol-
umes have increased by about five percent over that same period.
We are proud of this progress, and we are not aware of any other
industry that has achieved even remotely comparable improve-
ments.

However, we are committed to reducing climate impacts even
further, consistent with the goals of the Global Methane Pledge
and the Administration’s commitment to reduce methane emissions
from the waste sector by at least 15 percent by 2030. Achieving
these goals necessitates the development of more accurate meas-
urement and measurement methods to quantify emissions.

Our members are actively assessing how various aerial and
ground-based methane emission measurement methods developed
for other sectors can be applied to landfills. Translating direct
measurements to quantification of landfill methane is challenging
because landfill emissions fluctuate frequently, sometimes even
daily. It is influenced by the age and quantity of waste that is in
place, the waste composition, the cover type, and location, landfill
gas operations, waste placement activities, and even the weather.
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These dynamic conditions impact modelling assumptions and drive
emissions estimates.

Aerial emissions monitoring is gaining attention and encom-
passes a variety of technologies, including satellite imagery, aerial
flights, and drones. Aerial emissions monitoring, however, has a
limitation, as it is not continuous and only captures moments in
time when emissions may be temporarily higher or lower than nor-
mal.

One area where aerial monitoring and on-ground sampling can
be used for immediate benefit is in identifying the location and con-
centration of any emissions. This enables site operators to take im-
mediate action to investigate and correct suspected leaks. Further
work will be necessary before these technologies, however, can be
used to calculate landfill methane emissions accurately. We would
all benefit from additional funding to support the acceleration and
progress around emissions monitoring, calculations, and reporting.

The oil and gas industry and agriculture industries have bene-
fited from substantially greater levels of funding for their methane
emissions reductions research and development in comparison to
the solid waste sector, and we recommend that Congress recognize
this disparity as EPA moves forward with rulemaking on landfills.

We also wish to highlight certain policies that, if addressed,
could incentivize landfills to capture greater amounts of landfill
methane beyond mandated requirements. Of immediate con-
sequence is the Department of the Treasury’s proposed rule on the
expanded investment tax credit for qualified biogas property under
the Inflation Reduction Act.

Our sector worked hard to advocate for this tax credit and has
relied on its availability in planning multibillion-dollar investments
in biogas processing infrastructure. We were surprised by Treas-
ury’s recent proposal to virtually eliminate landfill biogas proc-
essing facilities from credit eligibility, which would, in turn,
disincentivize methane abatement solutions within our sector.

We therefore ask your support in requesting that Treasury re-
verse course and return to Congress’ initial goal of driving econ-
omy-wide investments consistent with the Administration’s climate
objectives.

The landfill sector is also facing other threats to its plan to in-
vest in technology and detect and capture landfill emissions. For
example, although landfills are incentivized to capture methane
emissions through EPA’s Renewable Fuel Standard Program, the
agency has received a petition to revisit the annual standards that
it recently finalized. Granting the petition would disrupt the long-
term stability needed for continued investment in landfill gas col-
lection and renewable energy programs.

Overcoming challenges such as this are among the most signifi-
cant regulatory opportunities available to EPA to incentivize land-
fill operators to make capital investments in beneficial use infra-
structure and capture greater levels of methane emissions, thereby
supporting broader climate solutions and public policy objectives.

We acknowledge that action to address climate crisis is nec-
essary, and we look forward to working with Congress, the Admin-
istration, and other stakeholders in evaluating meaningful policy
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solutions to capture greater amounts of methane that result from
our industry’s provision of necessary and vital public services.

I appreciate the opportunity to appear before this committee, and
I look forward to any questions.

[The prepared statement of Ms. Germain follows:]
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of
Anne Germain, PE, BCEE
Chief Operating Officer & SVP of Regulatory Affairs
National Waste & Recycling Association
Before the U.5. Senate Committee on Environment and Public Works

Chairman Carper, Ranking Member Capito, and Members of the Environment and Public Works
Committee, thank you for allowing me to testify today on opportunities to avoid, detect, and reduce
landfill methane emissions. My name is Anne Germain, and | serve as Chief Operating Officer & Senior
Vice President of Regulatory Affairs at the National Waste & Recycling Association, a not-for-profit trade
association representing the private-sector waste and recycling industry.

Landfills protect the environment by responsibly managing society’s waste. Our sector is subject
to extensive federal, state, and local environmental requirements, including stringent design, operation,
monitoring, and closure and post-closure standards established under RCRA as well as landfill gas
collection and control requirements under the Clean Air Act. Beyond regulatory obligations, our sector
has made significant advancements in landfill gas capture and clean energy production. We have
invested heavily in surface cover, landfill capping, and landfill gas collection systems that meet or exceed
regulatory requirements. Moreover, we closely monitor emissions from our landfills and engage in
corrective actions swiftly and efficiently. We also are actively deploying infrastructure that transforms
yesterday’s waste into renewable energy, which can power communities, fuel vehicles, and support
progress in offsetting the impacts of climate change.

Recently, a narrative has emerged that air emissions from landfills have increased. Based on
data from the EPA, however, municipal solid waste landfill air emissions have declined by nearly 45
percent between 1990 and 2021, all while landfilled waste volumes increased 5 percent during the
same time period. We are proud of this progress and are not aware of any other industry which has
achieved even remotely comparable improvements. We are committed to reducing climate impacts
even further, consistent with the goals of the Global Methane Pledge and the Administration’s
commitment to reduce methane emissions from the waste sector by at least 15 percent by 2030.
Achieving these goals necessitates the development of more accurate measurement methods to
quantify these emissions.

Our members are actively assessing how various aerial and ground-based methane emissions
measurement methods developed for other sectors may be applicable for landfill applications.
Translating direct measurement to quantification of landfill methane is challenging because landfill
emissions fluctuate frequently—even daily—as influenced by the age and quantity of waste in place,
waste composition, cover type and location, landfill gas operations, waste placement activities, and
weather. These dynamic conditions greatly impact modeling assumptions that drive emission estimates.

Aerial emissions monitoring is gaining attention and encompasses a variety of technologies,
including satellite imagery and aerial flights from manned aircraft and drones. Aerial emissions
monitoring has limitations, however, as it is not continuous and only captures individual moments in
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time when emissions could be temporarily higher or lower than normal. One area where both aerial
monitoring and on-the-ground sampling can be used for immediate benefit is in identifying the location
and concentration of site emissions. This enables landfill operators to take immediate action to
investigate and repair suspected leaks. Further work will be necessary before these technologies will be
able to calculate landfill methane emissions accurately, however, and we would benefit from additional
funding from Congress to accelerate progress around emissions monitoring, calculation, and reporting.
The oil and gas and agriculture sectors have benefited from substantially greater levels of funding for
methane emissions reduction research and development in comparison to the solid waste sector, and
we recommend that Congress recognize this disparity as EPA moves forward with its rulemaking effort.

We also wish to highlight certain policies that, if addressed, would incentivize landfills to
capture greater amounts of landfill methane beyond levels mandated by regulatory requirements. Of
immediate consequence is the Department of Treasury's proposed rule on the expanded investment tax
credit for “qualified biogas property,” as enacted under the Inflation Reduction Act. Our sector worked
hard to advocate for this tax credit and has relied on the availability of it in planning multi-billion-dollar
investments in biogas processing infrastructure. Consequently, we were surprised by Treasury’s recent
proposal to virtually eliminate landfill biogas processing facilities from credit eligibility and, in turn,
disincentivize methane abatement solutions within our sector. We therefore ask for your support in
requesting that Treasury reverse course and return to Congress’s goal of driving economy-wide
investments consistent with the Administration’s climate objectives.

The landfill sector also is facing other threats to its plans to invest in technology to detect and
capture landfill emissions. For example, although landfills are incentivized to capture methane
emissions through EPA’s implementation of the Renewable Fuel Standard program, the agency has
received a petition to revisit the annual standards that it recently finalized. Granting the petition would
disrupt the long-term stability needed for continued investment in landfill gas collection and renewable
energy production. Overcoming challenges such as this are among the most significant regulatory
opportunities available to EPA to incentivize landfill operators to make capital investments in beneficial
use infrastructure and capture greater levels of methane emissions, thereby supporting broader climate
solutions and public policy objectives.

Our sector acknowledges that action to address the climate crisis is more necessary than ever,
and we look forward to working with Congress, the Administration, and other stakeholders in the
evaluation of meaningful policy solutions to capture greater amounts of methane that results from our
industry’s provision of necessary and vital public services. | appreciate the opportunity to appear before
this Committee and look forward to answering any questions you may have.
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1550 Crystal Drive, Suite 804
Arlington, VA 22202

T: 800-424-2869

T: 202-244-4700

F: 202-066-4824

February 3, 2024
Via Electronic Transmission: www.regulations.gov

Ms. Carolyn Hoskinson, Director

Office of Resource Conservation and Recovery
1.5, Environmental Protection Agency (28221T)
1200 Pennsylvania Ave, NW

Washington, DC 20460

Re:  Draft National Strategy for Reducing Food Loss and Waste and Recycling
Organics; EPA-HQ-OLEM-2022-0415

Dear Ms. Hoskinson:

The National Waste & Recycling A iation (NWRA) is pl 1 to submit the following

c for the Envi | Protection Agency’s (EPA) Draft National Strategy for

Reducing Food Loss and Waste and Recycling Organics. The NWRA is a not-for-profit trade

association representing private solid waste and recycling collection, processing, and
companies. NWRA ber ce around 38 million tons ofyard

waste and food waste each year through various | ficial use prog and di.

options.

NWRA does not have a preferred technology solution for managing organic wastes: we look
for the best available approach based on customer needs, the nature and quantity of the
organics, environmental and economic suslainablltty goals, and markets factors. While this

approach has led NWRA I to acq or invest in a range of strategies,
companies, and technologies, we remain open and flexible to adjusting as conditions
change.

Objective 3: Increase the recycling rate for all organic waste

A. Support the development of additional organics recycling infrastructure through

grants and other assi for all ities, especially those that are
underserved.
NWRA s that EPA ider the need for further funding for private sector

organics recycling infrastructure upgrades as part of the agency’s Strategic Actions. The vast
majority of food waste in the United States are processed by private entities. Grant funding
is often not easily accessible to these entities, Of the six grant opportunities highlighted in
this Strategic Action, none are available to the private sector. We thus encourage EPA to
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support funding streams available to the private sector for equipment upgrades and
existing facilities, as well as for the development of hew organics recycling facilities. This
will allow for greater opportunities for cost-effective and timely improvements to the
collection and sorting of organic materials.

E. Address contamination in the organic waste recycling stream.

EPA has identified addressing contamination in the organic waste recycling stream as one of
its goals under Objective 3. NWRA members support reducing contamination. The
expansion of food and yard waste collection programs in the past decade has led to the
development and promotion of an increased number of biodegradabie and compostable
products. Unfortunately, there is considerable confusion in the marketplace resulting from
indiscriminate use of the terms degradable, biodegradable, and compostable, and the
labelling of products as biobased, biodegradable and oxo-biodegradable. The fact that all
products certified as compostable per the governing ASTM standard often do not break
down at industrial composting facilities further adds to the level of confusion. As such,
NWRA advocates that part of this effort should include developing labeling standards for
compostable packaging and ensuring that food contact packaging is compostable.

To reduce contamination in the organic waste recycling stream, some states are pursuing
stricter mandates on the labeling of compostable products. These laws impose stricter
requirements on which products or packaging that can be labeled as “compostable.”
Currently, the FTC Green Guides provide some guidance on how products and packaging
can make a compostable claim, but state compostable product labeling laws typically have
more stringent requirements than what is required in the FTC Green Guides. NWRA
recommends that EPA support proper labeling of compostable products by recognizing the
labeling issues and compiling a list of state laws and regulations that provide alternatives to
the standards contemplated in the Green Guides.

Of course, EPA should also encourage the FTC to adopt stricter requirements on the use of
the term “compostable.” NWRA recommends that EPA encourage FTC to establish
guidelines limiting the use of the term “compostable” to food contact products, food
packaging, and other single-use or food-soiled items that are used to facilitate food waste
collection and processing. Products such as food waste collection bags and bin liners along
with food packaging and service ware that does not need to be separated from food scraps
as part of the recycling program, are intended to assist with convenience and mitigate the
“yuk factor” that is associated with food waste diversion/collection. Many consumers do not
want to directly handle organic food waste and the ability to use compostable bags and bin
liners increases the likelihood these consumers will participate in a food waste diversion
program. Doing so provides options for people, institutional and commercial food service
providers to streamline source separation and collection in some applications. To thatend,
clairs of compostability should be limited to products that are designed to touch, contain,
or carry a food product, scraps, or other organic materials, such as yard trimmings, that can
be collected for organics recycling and are accepted by organics recyclers.

To the extent that the EPA is considering policies that are expected to increase the quantity
of compostable packaging and products beyond de minimis amounts, it is important that
EPA consider the capital investment required to adapt to this change in feedstock.
Composting and anaerobic digestion sites are currently meant to operate with the vast
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majority of material being organic matter such as food and yard waste, and existing sites
may need to restrict compostable packaging or make significant investments in new
equipment or operating practices in order to ensure that the facilities can operate as
designed. Qur industry’s goal is to divert and process organic wastes. Food-related
packaging and products that assist with organic waste diversion should be the focus of
policy programs and incentives. The amounts accepted should also be limited to the bare
minimum required to assist with delivering the materials to our facilities. Many
biodegradable and compostable products that are unrelated to food waste diversion create
confusion regarding source separation and could instead be included in paper and other
commodity recycling programs. It is also critical to restrict items unrelated to food service
{e.g, phone cases, mailer pouches, shoes) currently labeled “compostable” but which do not
facilitate diversion or degradation of food waste.

ASTM standards {e.g, D6400 and D6868) should be part of the definition of compostable.
However, the current lab testing criteria by itself is insufficient. Our members’ experience is
that lab testing timeframes often do not correlate to full-scale composting times or
conditions. Compost manufacturers strongly advocate for field testing that directly
demonstrates a compostable material will break down in a representative commercial
facility as an additional requirement to make compostable claims. The mesh bag method
used by the Compostable Field-Testing Program (CFTP) or the similar methodology
developed and used by the Compost Manufacturer’s Alliance prior to allowing the use of the
“Composter Approved” trademark are examples of appropriate field test protocols that
could be incorporated into an ASTM standard or similar standardized field test prior to
allowing compostable claims.

{tems that do not break down in a timely manner are either collected for disposal or
contaminate end products. Conventional plastics and those making a compostable claim are
considered foreign matter in compost products in most jurisdictions and may cause
products to fail compost quality tests. Therefore, it is recommended that “compostable”
become a term restricted in its use with a definition that should include both lab and field-
testing criteria prior to allowing compostable claims.

Further the restrictions on emerging contaminants, particularly the 100 ppm total fluorine
limit and the requirement to state there is no intentional addition of per- and
polyfluoroalkyl substances is not adequate to protect compost and soil quality.
Requirements to avoid fluorinated compounds exceeding acceptable limits in compost must
lie with the manufacturers of packaging and compostable products, and the burden must
not be placed on organics recycling facilities who are passive receivers, do not add these
compounds, and have no feasible method of reducing their concentration through
processing.

Objective 4: Support policies that incentivize and encourage food loss and waste
prevention and organics recycling

Food waste diversion mandates should account for existing organics processing
infrastructure. Specifically, any such mandates should only apply to generators that are
located a reasonable distance to the nearest organics recycling facility. Organic materials
differ greatly from trash and recycling in that they are heavy and wet drasticaily increasing
the “wear-and-tear” on collection vehicles and transporting over long distances is
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impractical. Additionally, bans should account for the nearest facility’s capacity to accept
the generators’ food waste. In the event such facilities do not exist, mandates should
provide for waivers until such facilities are operational.

Our members are involved in managing food waste from collection to processing and
disposal. We appreciate the opportunity to comment on this draft. If you have any questions
about our recommendations, please do not hesitate to contact me at

agermain@wasterecyelingorg.

Very truly yours,

Anne M. Germain
COO & SVP Regulatory Affairs
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Questions for the Record for Ms. Anne Germain

Please describe any priority actions from the Environmental Protection Agency’s
National Draft Strategy for Reducing Food Loss and Waste and Organics Recycling that
you believe would support more robust organics recycling and composting in the U.S.

NWRA has provided comments to EPA on their organics strategy which are attached.

Any alternative end of life management for food waste depends on adequate
infrastructure being in place. In addition, food waste diversion should be addressed first
with large generators and subsequently addressing mid-sized to small generators as
infrastructure capacity allows. Because large generators will likely be commercial
entities, they are also serviced by private sector collection services and often, private
sector processing facilities. To incentivize additional infrastructure, therefore, we
encourage support for private sector infrastructure development. Further, we support
more research into any challenges associated with managing food waste from collection
to processing.

For existing composting facilities, contamination is an ongoing problem and accepting
Jfood waste increases contamination significantly. But the issue with food waste
contamination is not related to food itself, but instead related to packaging that arrives
with food waste. A significant amount of this packaging claims to be “compostable.”
While some of packaging is truly compostable, other “compostable” packaging does not
breakdown adequately. These products often look-alike making it hard to determine
which ones are which. Composters trying to process large quantities of material often
end up treating all questionable products as contamination. For example, in California,
20 out of 24 composters that responded to a survey stated that plastic-containing
material including plastic-lined fiber products claiming to be recyclable are treated as
contamination. Composters are attempting to make a marketable product that will
adversely be affected due to quality considerations, potential loss of certification and the
problem with look-alikes between truly compostable and non-compostable packaging.
Our recommendation was for EPA to recommend to the F1C that it adopt stricter
requirements on the term “compostable.”

In addition, we encouraged limiting the term, “compostable,” to food-contact packaging.
Soiled food-contact packaging can impact its desirability in the recycling bin. However,
non-food-contact packaging and products are less likely to become soiled. Rather than
potentially contaminating the compost system, manufacturers of non-food-contact
packaging and products should use recyclable packaging. The EEPA should ensure that
FTC is aware of the practicalities of recycling and encourage appropriately labeling for
CONSHUMer awareness.

Page 10of 3
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2. What additional research do you believe needs to be undertaken in order to further

improve the performance of methane detection systems for landfills, and to reduce the
cost of landfill methane monitoring?

As stated in my prepared remarks, NWRA believes I-PA should support research into
translating emissions captured from aerial and fixed technologies into site emissions
taking into account limitations associated with landfill dynamics.

In addition, we think I-PA should conduct field research on degradation of materials over
time in various weather and site conditions to improve the accuracy of their models.

How will data collection, like the studies included in the Recycling and Composting
Accountability Act, help increase recycling and composting rates, which can help avoid
methane emissions that come from landfills?

The studies in the RCAA will assist in improving diversion from landfills which will
reduce the total tonnage entering landfills. Fewer tons entering the landfill will
ultimately mean less landfill gas is generated.

While these studies focus on diversion and are necessary for the recycling industry, we
still recommend that landfill-specific studies be undertaken to assist the industry in
reducing its emissions further than the 43% it already has reduced.

Please describe in detail the costs to upgrade landfill methane capture infrastructure,
identifying specific areas in need of funding to advance sustainable waste management.

According to IEPA’s LFG energy project development handbook,” a typical project would
cost approximately §1.3M to construct and about $220k to operate annually. Beneficial
utilization of the landfill gas, however, can be significantly more expensive — ranging
from 83-16M.

NWRA recommends that in order to promote landfill gas utilization, the IRS should
expand their proposed definition of “qualified biogas property,” to allow equipment that
concentrates the gas to pipeline quality to be considered functionally interdependent.
This would accelerate the development of beneficial landfill gas projects.

Senator Boozman:

Based on EPA’s newest reports, food waste is a major course of methane from landfills
and, in 2018, 24% of material sent to landfills was food. We also know food waste
happens across the country, both in rural and urban areas, and solutions should be tailored
to meet local needs. How can improvements be made to increase composting and
recycling in rural communities to keep food waste out of landfills?

L EPA, LFG Energy Project Development Handbook, January 2024,
https://www.epa.gov/system/files/documents/2024-01/pdh_full.pdf

Page 2 of 3
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Unlike recycling that requires end markets that may be far from the point of generation,
Jfood waste composting and anaerobic digesters can be place anywhere. Rural areas may
benefit by proximity to agriculture where anaerobic digesters can serve both food waste
and agriculture waste generating needed fuel for pipeline, natural gas vehicles or
conversion to electricity. Similarly, compost can be a local process that can easily be
implemented in a rural area. Agricultural extension services often are well equipped to
provide technical support for compost operations. However, diversion efforts will require
the development of additional infrastructure to support acceptance of food waste. While
technically this is possible in both urban and rural settings, practically speaking, the
costs may be unsupportable in more rural areas. That being said, support should be
provided to encourage infrastructure development.

Page 3 of 3
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Senator CAPITO. Thank you. Thanks to all three of you. In the
absence of our Chairman, I will take my license and begin to ask
the questions.

Ms. Germain, I addressed in my opening statement some of the
concerns from small municipal landfills. Just give me a lay of the
land here, what is the percentage, if you looked at the whole num-
bers of landfills, what numbers of those are municipal,
percentagewise, approximately?

Ms. GERMAIN. It is about 50/50.

Senator CAPITO. 50/50.

Ms. GERMAIN. Tom said that there are about 1,200 landfills in
the Country. About half of them are publicly owned, and about half
of them are privately owned. If you look at the volume of material
going into the landfills, however, it switches; about two-thirds of
the waste goes to privately owned landfills, and about a third goes
to publicly owned landfills. That shows you, basically, that the pub-
licly owned landfills are significantly smaller than privately owned.

Senator CAPITO. Okay, so let us get into what kind of, and we
have heard a lot about some of the development of technologies of
capturing, not just capturing, but also measuring and monitoring.
What kind of challenges would that bring to a small municipal
landfill? Are they already doing it if they are complying with the
EPA regulations, which I am sure they would want to do?

Ms. GERMAIN. Right. The New Source Performance Standards
(NSPS) does have size limitations, so landfills below a certain size
threshold are not subject to the new source performance standards,
so many of the smaller landfills may not be subject to those rules
at all. Changing the rules to focus on extending it to smaller land-
fills would, of course, subject them to control and capture require-
ments that they might not currently be doing.

Senator CAPITO. Okay.

Tom, let me ask you a question, back to my first question.
Percentagewise, kind of the lay of the land, then if you looked at
total emissions going out from what you said, 1,200 landfills, are
more of them going out from the private, are the emissions equiva-
lent, do you see what I am trying to ask? Are the emissions more
at the small and municipals, or because maybe they have not made
the provisions? Can you clarify that a little bit?

Mr. FRANKIEWICZ. Yes. On that exact percentage, I would have
to get back to you.

Senator CAPITO. It does not have to be exact.

Mr. FRANKIEWICZ. No, I can not speak to which percent has high-
er emissions. I can, just following up on, in terms of the types of
technology for controls, things like gas collection, improved cover,
best practices for operations and maintenance, the types of things
that are required between gas collection and monitoring for the
NSPS are generally tried and true technologies. Those technologies
for controlling emissions at a site are not new technology and are
deployed both at municipal and private landfills.

Senator CAPITO. Right. I mean, they are obviously all at a cost,
and I think that is in a lot of different ways.

Is there an economic, Anne, I will go back to you, is there an eco-
nomic incentive in capturing and selling methane, and what are
some of the regulatory obstacles to that?
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Ms. GERMAIN. It is very much dependent on the type of facility.
Right now, the Section 48 tax credits that I referred to in the Re-
newable Fuel Standard (RFS) do provide some incentives for cap-
turing outside of the regulation, and then basically utilizing.

Depending on the landfill’s location, they might be able to utilize
the gas in some way, but many of them do not have any access to
be able to create some energy from the gas, so they would have to
make it pipeline quality. Currently, the way the Section 48 tax
credit regulations are written by Treasury, they would disqualify
gas upgrading equipment necessary to make it pipeline quality.

Senator CAPITO. Yes. Okay, Senator Ricketts?

Senator RICKETTS. Thank you, Madam Chair. First of all, I would
like to ask for unanimous consent to enter a letter from the Amer-
ican Biogas Council, which outlines their concerns and implications
with the Inflation Reduction Act’s Section 48, just referenced here,
expansion to include biogas as an eligible technology and the exclu-
sion of cleaning and conditioning equipment.

Senator CAPITO. Without objection, so ordered.

[The referenced information follows:]
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January 31, 2024

The Honorable Tom Carper The Honorable Shelley Moore Capito

Chair, Environment and Public Works Ranking Member, Environment and Public Works
United States Senate United States Senate

513 Hart Senate Office Building 172 Russell Senate Office Building

Washington D.C. 20510 Washington D.C. 20510

Dear Chairman Carper and Ranking Member Capito,

On behalf of over 400 companies in all parts of the biogas supply chain, the American Biogas Council
commends Chairman Carper and the Committee for convening this hearing, Avoiding, Detecting, and
Capturing Methane Emissions from Landfills. The American Biogas Council represents the voice of the
U.5. biogas industry, dedicated to maximizing carbon reduction and economic growth using biogas
systems. Our members are leading the way to a better future by maximizing all the positive
environmental and economic impacts biogas systems offer when they recycle organic material into
renewable energy and soil products. As such, we are concerned the Department of Treasury’s Notice of
Proposed Rulemaking (NPRM) for Section 48 of the Internal Revenue Code threatens to undermine the
expanded federal support for biogas and methane emission reduction included in the Inflation Reduction
Act (IRA).

As part of the IRA, the Section 48 Energy Credit (26 U.5. Code § 48) was expanded to include Qualified
Biogas Property as an eligible technology solution for the investment tax credit (ITC). This expansion can
offer significant potential to reduce methane emissions by providing an ITC to turn raw biogas captured
from landfills, as well as animal and crop waste at farms, feed lots, and food processing facilities, into a
useful fuel for U.5. homes and industry. The expanded credit targets biogas that is sold or otherwise used
productively and excludes disposing of the raw biogas by burning it. The ITC not enly moves landfill gas
to new markets, but it also incentivizes the diversion of organic materials, like food waste, from landfills.
In this way, the expanded tax credit both manages methane from existing sites and supports new
recycling systems.

The IRA specifically instructs “cleaning and conditioning” equipment to be included as eligible under the
new investment tax credit. Including this gas upgrading equipment is vital since all raw biogas created
from an anaerobic digestor or collected from a landfill, without cleaning and conditioning, cannot be
used in commerce in any way; it cannot be stored, transported, dispensed, or deployed as a fossil natural
gas substitute. The only use for raw biogas that is not cleaned and conditioned is on-site combustion.

Released in November 2023, the Department of Treasury’s NPRM for the expanded tax credit
inexplicably excluded this essential “cleaning and conditioning” equipment from the definition of
property that qualifies for the ITC. This exclusion clearly contradicts the explicit language of amended
Section 48, contradicts the direct intent of the Congressional authors, and will severely limit the
provision’s potential to stimulate the rapid expansion of this important clean, renewable fuel.

Cleaning and conditioning equipment is typically the most expensive part of turning raw landfill gas or
raw biogas into a useful, pipeline quality product. Without the support of this tax credit, many projects
turning waste biogas into a valuable renewable fuel will be economically prohibitive, especially those at
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smaller farms and landfills. This narrow interpretation will undermine many planned biogas projects
where cleaned and conditioned biomethane would be used as a fuel for heavy duty trucks, provide
process heat to a manufacturer, serve as a feedstock for hydrogen, or heat homes and businesses — the
very end uses enabled and intended by Congress.

If finalized as proposed, we are concerned about impacts throughout the biogas supply chain including
but not limited to:

*  Projects that will not move forward due to the agency’s interpretation of the guidance;
* Beneficial uses of biomethane that are now uneconomical;

e |mpacts on small agriculture projects;

e |mpacts to jobs in rural communities; and/or

* Climate impacts of biomethane (avoided methane emissions)

As the Committee considers ways to avoid, detect, and capture methane emissions from landfills, we ask
you to consider the environmental impacts at farms and landfills where, without the inclusion of this key
cleaning equipment, these entities will be forced to flare potent greenhouse gases into the atmosphere.
The currently proposed restrictive interpretation of the scope of the Section 48 ITC would cause many
projects to be lost, undermining and setting back this Committee’s efforts to reduce methane emissions
from landfills and other sources to help address climate change.

The American Biogas Council looks forward to working with Chairman Carper, Ranking Member Capito,
the Committee, Congress, and the Administration to ensure farmers and landfill operators can continue
to reduce methane emissions and participate in the valuable renewable fuels market. We welcome the
opportunity to participate in an open dialogue to further discuss how Congress can act on this important
issue.

Copied to:
Senator Benjamin L. Cardin Senator Kevin Cramer
Senator Bernard Sanders Senator Cynthia Lummis
Senator Sheldon Whitehouse Senator Markwayne Mullin
Senator Jeff Merkley Senator Pete Ricketts
Senator Edward Markey Senator John Boozman
Senator Debbie Stabenow Senator Roger F. Wicker
Senator Mark Kelly Senator Dan Sullivan
Senator Alex Padilla Senator Lindsey Graham

Senator John Fetterman

Sincerely,

The American Biogas Council
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Senator RICKETTS. Nebraska has tremendous examples of uti-
lizing methane from landfills to generate renewable energy. For
over 20 years, the Elk City Station in Douglas County has utilized
methane from the local landfill. That is about a six megawatt
project.

In 2014, the city of Lincoln and Lincoln Electric System had
partnered on a landfill gas to energy project to harness the meth-
ane gas produced in the city of Lincoln’s Bluff Road Landfill, and
that is about a 4.8 megawatt project. The city of Lincoln utilizes
about 80 megawatts annually, and so this is a great way to diver-
sify their energy generation.

But landfills are not the only opportunity. Our livestock pro-
ducers are increasingly working toward capturing methane from
their facilities to use for energy generation. The Federal Govern-
ment needs to continue to support voluntary emissions reductions
technologies to make sense for communities and producers and not
penalize our critical utilities.

Now, we talked about, you mentioned Section 48, Ms. Germain.
Section 48 of the IRS code now provides for an investment tax cred-
it to turn raw biogas captured from landfills and, of high impor-
tance to my State, created from animal and crop waste at farms
and feedlots and food processing facilities into useful fuel. In fact,
Nebraska has three times as many cattle as it does people, so this
is kind of a big deal for us. We are the Beef State.

This new provision targets biogas that is sold or otherwise use
productively and excludes disposing of the raw biogas by burning
it. The new language also adds that cleaning and conditioning
equipment is covered by the new investment tax credit.

This addition is vital, since raw biogas created from a farm or
a feedlot, anaerobic digester, or collected from a landfill without
cleaning and conditioning, as already pointed out, cannot be used
in commercial fuel, put in a pipeline, or stored. It essentially must
be burned onsite, and, of course, that is the very outcome the new
provision is trying to avoid.

Foolishly, the Department of the Treasury last month issued pro-
posed rules for biogas investment tax credits that inexplicably ex-
clude the cleaning and conditioning equipment necessary to up-
grade raw biogas so that it can be stored, transported, and used as
renewable fuel. Treasury is proposing to deny this tax credit to
biogas cleaning and conditioning equipment needed to take the raw
biogas and turn it into pipeline quality bio methane.

This equipment is typically the most expensive part of turning
raw landfill gas or raw biogas created from farm digesters into use-
ful, renewable product envisioned by the amendments to Section
48. Without this support, many projects to transform waste biogas
into valuable renewable fuel would be uneconomical, especially at
those small and rural landfills.

I would also point out the Administration is constantly doing
things that are counter to the goal of reducing the impact to the
environment. For example, since you mentioned the Renewable
Fuels Standard, they have set Renewable Volume Obligations
(RVO), for example, for biodiesel and renewable diesel below the in-
dustry’s ability to actually produce that, what we are currently pro-
ducing right now, thus creating havoc in that marketplace.
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Also, flex fuel vehicles, which burn higher percentages of ethanol,
reduce the impact on the environment. They do not get the same
tax credits as EVs and so forth, so we are constantly seeing that.

Anyway, Ms. Germain, do you agree that without incentives for
biogas cleanup equipment, many landfills will have an economic
challenge in investing into the necessary and expensive equipment
nee‘gled to process raw landfill gas into a commercial renewable
gas?

Ms. GERMAIN. Yes. We definitely agree with that. That is one of
the reasons why we submitted a letter to Treasury about changing
the definition of qualified biogas property.

Senator RICKETTS. Great. In other words, the Administration’s
strained interpretation of the new biogas provisions will, in fact,
strand this valuable fuel because it cannot be moved offsite and to
homes, business, and industry that would welcome and pay a pre-
mium for renewable, natural gas or advanced electrical tech-
nologies.

Ms. Germain, do you agree that, to ensure these waste streams
can contribute to the Nation’s energy needs, anaerobic digesters
must be coupled with biogas upgrading equipment to turn raw
biogas into a useful commercial fuel?

Ms. GERMAIN. The viability of anaerobic digesters are dependent
on being able to utilize credits. That will incentivize those facilities
to be able to be developed. We need the infrastructure if we are
going to be looking at increased biogas production from anaerobic
digesters.

Senator RICKETTS. Since the Administration is denying the in-
vestment tax credit to the key equipment to allow digester systems
to create a useful and lucrative energy product, do you agree that
the Administration’s position will result in fewer digesters being
built and, therefore, more organic material ending up in landfills?

Ms. GERMAIN. Yes.

Senator RICKETTS. Great. Thank you, Madam Chairman.

Senator CAPITO. Thank you.

Mr. Chairman.

Senator CARPER.

[Presiding.] Thanks. Thank you for chairing. How is it going? We
all serve on different committees. Sometimes we are needed to be
in two or three places at once. Thanks for bearing with me, and
thank you, Senator Capito.

I am going to ask a question of Dr. Scarpelli. This deals with un-
covering landfill emissions. One of the reasons we know the scale
of methane emissions from landfills is thanks to the extensive work
that is done by researchers using NASA technology to detect and
to quantify these emissions.

For example, Dr. Scarpelli, your organization conducted, I am
told, aerial surveys looking for methane sources in California and
found that certain landfills were the largest observed emissions
sources. Please describe for us how Carbon Mapper adapted this
new technology for the purposes of detecting emissions, and talk
with us, share with us some of the results of your studies that your
organization and others have produced.

Ms. ScARPELLI. Thank you for the question, Senator. Thank you
for the comments about the history of the technology. Carbon Map-
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per, the technology we use, was originally developed at NASA Jet
Propulsion Laboratory. We still interact with NASA Jet Propulsion
Laboratory in a couple of different ways. As you mentioned, the
aerial technology that we use includes the Airborne Visible Infra-
red Imaging Spectrometer—Next Generation (AVIRIS NG), which
is an aircraft that was designed

Senator CARPER. Say that again, the what?

Ms. ScarpPELLI. It is AVIRIS NG. It is the name of the aircraft.
It is a NASA JPL aircraft. That is what we fly.

Senator CARPER. JPL?

Ms. SCARPELLI. Jet Propulsion Laboratory. That is one of the air-
craft that we fly. It has what we call an imaging spectrometer, that
is the instrument on board, and that is also on the NASA Earth
Surface Mineral Dust Source Investigation (EMIT) instrument on
the International Space Station, it is also an imaging spectrometer.
That is the technology that we use.

When we go and fly on an aerial campaign, we work with the
stakeholders as well, so that is where we are trying to extend, not
just to develop the technology for research purposes, but also en-
gage with the people that can use the data on the ground.

Then, we are also part of a broader coalition of partners that in-
cludes NASA Jet Propulsion Laboratory and our commercial part-
ner, Planet Labs and other partners. This is part of a broader coali-
tion to launch satellites.

These satellites are actually developed, originally a new genera-
tion of these imaging spectrometers. The idea there is that eventu-
ally, we would have a satellite constellation that could do biweekly
to daily revisits of sites globally across the world. Then, Carbon
Mapper’s goal is to get that data into the hands of people on the
ground who can use it. We have had positive experiences, including
in the State of California, where we have worked with stakeholders
to get the information to the operators so they can take voluntary
action to mitigate emissions.

Senator CARPER. I want you to go back on what you just said,
and compress it into one paragraph, and just dumb it down. Just
make it as clear as you can, please. Go ahead. Sometimes, I say,
how would you explain this to your grandmother, or your grand-
father? Go ahead.

Ms. SCARPELLI. Okay. The phrase we like to use is that you can
not manage what you do not measure, for methane.

Senator CARPER. Yes, I have used that a few times, yes. That is
a good one.

Ms. SCARPELLI. Yes. It is very accurate, I think, and it applies
to landfills, as our goal is mitigation. At landfills, you can use it
for beneficial use, as well. Anything that we can provide with these
technologies to increase gas capture and to reduce leaks is what
our goal is.

Really, the key there is these technologies can provide technical
assistance to operators. We just want to provide and get that into
jurisdictions that maybe can not afford an aerial campaign on their
own, so satellites, because they have this routine monitoring, pro-
vide that opportunity.

Senator CARPER. Let me followup with that. How do you validate
the results of the satellite and the aerial surveys? In other words,
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how do we know whether the results accurately quantify the ob-
served methane emissions?

Ms. ScARPELLI. We have participated with the technology in var-
ious what we call controlled release experiments. These are valida-
tion studies where you release a known amount of methane, and
then different technologies can observe that release. Then you try
to, you estimate it using your own processing steps. Then, you com-
pare it to the known amount of methane that is being released and
see if you can produce back that

Senator CARPER. When you say “you,” who is “you”?

Ms. ScArRPELLI. Carbon Mapper would participate with an air-
craft instrument, or you can also have different technologies all
participate at the same time. Some of these are in the private sec-
tor. Some of these are academic institutions. The idea there is that
we do not know the known release, and so we have seen that, in
these experiments, we are able to reproduce the known release
rates of methane.

Senator CARPER. Thank you.

Senator Markey, welcome. Good to see you.

Senator MARKEY. Thank you, Mr. Chairman.

In Massachusetts, we have a rule that any business or organiza-
tion that generates more than half a ton of food waste a week can
not put all that food in the garbage. The ban has not only reduced
greenhouse gas emissions, but also saved space by keeping millions
of pounds of food out of landfills. Thousands of Massachusetts busi-
nesses have begun donating unused food to shelters and to food
banks across the State. Our State’s food waste rule accomplished
this win-win scenario while also creating over 500 jobs and gener-
ating $175 million in economic benefits during its first two years.

Mr. Frankiewicz, can you elaborate on the community and eco-
nomic benefits that organic waste prevention and organics recy-
cling programs have had across the Country?

Mr. FRANKIEWICZ. Thank you, Senator Markey. Excellent ques-
tion. We really look at organics diversion and landfill gas control
as being a two-pronged approach. I know sometimes it might seem
odd to talk about these two different things at one time, but you
are basically working upstream and downstream to reduce landfill
gas emissions.

When it comes to organics diversion and food loss, food waste
prevention, there are really, I think, several significant benefits. Of
course, you have the climate benefit, which is global. Generally
speaking, for every 6,000 tons of methane, there is 6,000 tons of
methane that is avoided for every one million tons of food waste
that is diverted.

Senator MARKEY. Is Massachusetts’ program a model?

Mr. FRANKIEWICZ. It is definitely a great example of a State——

Senator CARPER. That is a leading question. Strike that one from
the record.

sznator MARKEY. Your Honor, I am going to bring that up on ap-
peal.

[Laughter.]

Mr. FRANKIEWICZ. It is a great example of a State taking
proactive action that both has global benefits with methane reduc-
tions, but most of those benefits are actually experienced locally.
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On average, Americans spend $1,300 a year for groceries that is
just wasted. By avoiding that food loss, food waste, Americans are
saving money on their monthly grocery bills.

Senator MARKEY. Yes, absolutely. That is great. By the way,
Delaware is the First State, but not in everything, Okay? Massa-
chusetts can be first in something, maybe.

[Laughter.]

Senator MARKEY. Mr. Frankiewicz, what role can the EPA play
in scaling up similar organic waste prevention and recycling pro-
grams nationwide? What is the recommendation to the EPA that
you have?

Mr. FRANKIEWICZ. As you know, or as you may know, EPA has
done a lot of great work researching both the methane impacts
from food loss, food waste, but also the community benefits. They
currently have a strategy out right now that is out for comment,
but EPA has shown great guidance in terms of researching best
practices for this. This is something that is often implemented at
the local level, at the community level, at the State level, there is
a lot that can be done in terms of grant support and also technical
capacity.

There are grants out right now, the Society for Worldwide Inter-
bank Financial Telecommunication (SWIFR) grants that are sup-
porting communities and implementing programs, but there is still
a lot that can be done in terms of developing best practices and ca-
pacity building and technical assistance, because money is part of
it.

Senator MARKEY. We will work with the EPA on that.

Mr. FRANKIEWICZ. Yes.

Senator MARKEY. That sounds like a great recommendation.

Landfill operators in Massachusetts, like New Bedford’s Landfill
Gas-to-Energy Project, are showing that gas collection and moni-
toring systems are a cost effective way to reduce greenhouse gas
emissions. LoCI Controls, a startup founded by two MIT alumni in
Cambridge, has developed low cost lunchbox sized sensors that
have reduced landfill emissions by four million tons of carbon diox-
ide equivalent in just a few years. These Massachusetts projects
and technologies prove it is feasible to do better than the status
quo.

Mr. Frankiewicz, again, what are some of the simple strategies
that all landfill operators could use to reduce their methane emis-
sions today?

Mr. FRANKIEWICZ. Senator Markey, I am glad you brought this

up.
When you talk about the costs of different technologies, not only
are many of these technologies tried and true, having gas collection
operation practices for soil cover, improving working face, having
a smaller, tighter working face, but when it comes to gas collection
and the relationship to energy projects, that is what you call a win-
win solution.

Because generally, using this improved technology for automated
well-tuning, where currently it is typically done manually, you gen-
erally see recovery improvements of 10 to 20 percent. That in-
creased recovery of methane is increased revenue for an energy
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project and often pays for the cost of that collection system in about
a year.

Senator MARKEY. It would also reduce odors, as well.

Mr. FRANKIEWICZ. Yes, that is something I think that, we talk
about odors, we talk about methane, we talk about toxics. Landfill
gas is a stew of different carbon dioxide and water, hydrogen sul-
fide, a smog-forming compounds. When you reduce methane, you
are reducing all of those other things, as well.

Senator MARKEY. Thank you. Thank you, Mr. Frankiewicz, and
thank you, Mr. Chairman.

Senator CARPER. Thanks for those questions.

Senator Cardin, welcome. Good to see you.

Senator CARDIN. Thank you.

Before Senator Markey leaves, let me just quote from Maryland
Code Environmental Article 9, Section 1724.1, our Maryland law:
any person or business or cafeteria that produces more than two
tons of food residual in a given week must ensure organic waste
is separate and diverted from landfills.

I just want you to know, Maryland is very much in the forefront
here. Senator Carper joined me in a visit to the organic recycling
facilities that we have in the State of Maryland that operate effi-
ciently in reducing energy and producing safe fertilizer materials
from organic waste.

So I just wanted to underscore the point that Senator Markey
has made. Landfills produce a lot of methane emissions, and we
can do a better job of keeping things out of landfills, so thank you
for your leadership on that issue in Massachusetts. We want you
to know that Maryland and Massachusetts have more in common
than just the first letter of our names.

Let me also just point out the fact, which is pretty obvious, and
that is, in my State of Maryland, landfills represent 40 percent of
our methane emissions. That is a large amount.

The other issue here, Mr. Chairman, that I think is very impor-
tant, and I want to compliment our Chairman and Ranking Mem-
ber, we have done a lot on methane emissions reductions. Thank
you for what you have done, and the leadership on this committee
was very instrumental in the Bipartisan Infrastructure Package
and the other bills that we have been able to pass, including the
Inflation Reduction Act, that have dealt with methane reductions.
I think we have a proud record in this committee.

But this is also a matter of environmental justice. I know where
landfills are located. These are traditionally underserved commu-
nities. They pay a heavier price because of the location of the land-
fill. Anything we can do to mitigate the damages caused by land-
fills or reduce the amount of material that needs to go into landfills
helps communities that have traditionally been underserved.

In my State, we have taken major steps. We have a strong regu-
latory system in regard to landfills. We do covering issues. We do
a lot to mitigate the impact of landfills.

I guess my question is, to the panel, we see States are doing good
things. Is there a way that we can have stronger Federal policies
that partner with the States, giving them the incentives they need
in order to take more aggressive action to prevent the negative im-
pacts of landfills as it relates not only to methane emissions, but
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to the other concerns that are raised? Why do not we just go right
down the line?

Mr. FRANKIEWICZ. Sure. Senator Cardin, I want to commend
Maryland on their efforts to lead, both on one thing, with Maryland
and Washington State both, they have taken this dual-pronged ap-
proach of increasing stringency of landfill gas regulations while en-
couraging organics diversion, and that is really the best way to do
these things.

You mentioned landfills as an environmental justice issue. I
think that is an important point. More than half of landfills are lo-
cated within a mile of disadvantaged communities. I think that is
also a reason, while some States have shown leadership in moving
forward on these programs, not all have, and that is where you
really need strong Federal standards, both for increased landfill
gas control. As I mentioned, when you reduce landfill gas emis-
si(i)ns, you are also reducing toxins, smog-forming pollution, and
odor.

Also, there is more that the Federal Government could do to sup-
port organics diversion and treatment. That is really where you see
some of the greatest community benefits, as well, both in terms of
avoided food loss and waste that impacts people’s budgets, but also
composting and composting facilities, generally speaking, create six
jobs for every two and one job that is created for landfilling and
incineration, respectively.

Senator CARDIN. Dr. Scarpelli.

Ms. ScArRPELLI. Thank you for the question, Senator. We have
heard here today that reducing methane emissions can help with
community benefits, both in terms of odor and community health,
because there is often the pollutants co-emitted with the methane.
Speaking from a monitoring perspective, we have seen that these
monitoring technologies can help find leaks and mitigate them
quicker.

In terms of Federal programs, I think the key here is we need
to scale up the use of these technologies. Having public funded
grants that are competitive for the technologies to be scaled up,
and providing jurisdictions with access to those technologies and
that technical assistance in jurisdictions where they would not nec-
essarily be able to get that on their own. I think that, from a moni-
toring perspective, would really be key.

Senator CARDIN. I have a very generous Chairman. I am sure he
would give me an extra few minutes, Ms. Germain, if you would
like to make a response.

Senator CARPER. The Senator’s time has expired. Not really. Go
ahead.

[Laughter.]

Ms. GERMAIN. Sure. One of the things to recognize when we are
looking at some of these food waste diversions is to understand
that we currently, the infrastructure that is in place for composting
and anaerobic digestion facilities, there is just not enough of them
to be able to take all the potentially diverted materials. We need
to focus on what we can do to improve that infrastructure, and also
to focus on the quality of the materials.

One of the things some of our members own and operate are an-
aerobic digestion and composting facilities, and just like you are
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probably already aware with recycling, we are dealing with a lot
of contamination in our composting and our anaerobic digestion fa-
cilities. We want to make a viable product that can be utilized as
a soil amendment. In order to do that, we need to ensure that we
have high quality material that is not contaminated with material
that does not belong in there.

We know that a lot of manufacturers are trying to take food con-
tact packaging and claim that it compostable, but yet, a lot of this
so-called compostable packaging really does not compost in our sys-
tems. It requires extra steps and a lot of effort to try and remove
it and make a clean-looking product.

We are recommending to EPA as part of our comments to their
organic strategy that they really require not just lab standards, but
field testing of any packaging that claims compostability, and that
there should be some standardization on labeling before people can
claim that their products and packaging can be composted.

Senator CARDIN. Thank you very much. Thank you, Mr. Chair-
man.

Senator CARPER. Thank you, Senator Cardin. Thanks for your
faithful attendance here and for helping to lead a good fight.

I see a couple of other Senators, I think, are on their way trying
to get here from other assignments. One of them is Senator
Merkley. Before he gets here, I am going to ask another question
or two, and when he shows up, we will recognize him.

With that, Mr. Frankiewicz, I know you have talked about the
interplay between efforts at the State and the Federal levels to re-
duce methane emissions from landfills. You mentioned in your tes-
timony that EPA is required to revisit the Clean Air Act’s Section
111 standards for municipal solid waste landfills in August of this
year. Is it August of this year? I think it is. That is a question. Yes,
take my word for it; it is August of this year.

Mr. FRANKIEWICZ. I believe it is August, but I might have to get
back to you on that.

Senator CARPER. There you go.

Let me ask a couple of questions that I think followup on your
conversation with Senator Markey. Would you please expand on
how both organic waste diversion and EPA’s methane emission reg-
ulations work together to reduce the methane emissions associated
with landfills?

Mr. FRANKIEWICZ. Yes, sure. Thank you, Senator Carper. That is
an excellent question.

As I mentioned earlier, I think Dr. Scarpelli and I have both
mentioned this two-pronged approach, and that is because the
methane comes from the organic matter that decomposes in the
landfill. Once it is there, the way to control it is with gas collection
systems, systems of wells and blowers that suck up the landfill gas
and typically burn it then in a flare. The best way to control land-
fill gas emissions, ultimately, is to keep those organics out of the
landfill. Once they are in there, they can decompose, creating
methane for up to 50 years.

It is not really a matter of doing one or the other. You really
have to do both. That is why States that have kind of taken a two-
pronged approach is a really practical way to do this, but imple-
mentation has been uneven. Really the best way to have a com-
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prehensive approach is for EPA to take on both revisiting its land-
fill gas standards, the Section 111 standards that you mentioned,
this summer, but also really leaning into organics diversion in par-
allel.

Senator CARPER. Okay. We have been joined not by Senator
Merkley, but by Senator Whitehouse. We are happy to turn it over
to you. I have asked questions and Senator Capito has asked her
questions, and if you are ready, Senator Whitehouse, you are recog-
nized. Glad you are here.

Senator WHITEHOUSE. Thank you very kindly. I crossed Senator
Merkley; he was in my Budget hearing. Everybody has a lot going
on today, but I am grateful for this hearing, and I appreciate the
witnesses being here.

Dr. Scarpelli, let me ask you particularly about the methane
tracking and spotting technology that is out there now that we
have satellites that can detect methane leaks and geolocate with
great precision the sources of those leaks. Is there anything about
a landfill that makes it harder to detect by satellite than say, a gas
pipeline leak?

Ms. ScArRPELLI. Thank you for the question, Senator. Landfills
are complex engineered systems, and so one of the main differences
in terms of detecting leaks is that it is a large area and there are
many potential points that leaks could be coming from, whereas in
an oil and gas well, there is specific infrastructure that are the
leak points.

So that is why it is really key to have comprehensive monitoring.
You want to be able to see across the facility and also there are
gas facilities that are maybe capturing the gas and sending it to
pipeline. You can have leaks across different surfaces of the land-
fill, the actual wells collecting it on the landfill. There are all of
these potential sources across a large area, so it is really important
to map that whole area for potential leaks.

Senator WHITEHOUSE. You can at least identify that the leak is
happening, and then turn to more ground-based detectors to figure
out which kind of a leak it is if you are looking at a leaking land-
fill?

Ms. ScARPELLI. Yes, and that is why I think it is key to have a
combination of technologies. Some are better at that really high ac-
curacy, where is the leak coming from, versus the remote sensing
technology, the key there is that we are seeing the large sources,
and so in terms of prioritizing, we want to get the biggest ones first
to get the most return on our investment and mitigation, and so
it really helps prioritize and lets us get those big ones first, and
then we will move on to the smaller leaks.

Senator WHITEHOUSE. Yes. Do you know what the current status
is with the EPA folks about having regular and reliable access to
satellite methane leak data?

Ms. SCARPELLI. I can not speak to EPA regulations. I know there
has been, there are these fundings to looking into these different
technologies, and the way that we can best combine them to get the
most comprehensive view of the sites. We have seen that these
technologies work, that we can identify leaks, and it helps opera-
tors mitigate. That has been our experience.
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Senator WHITEHOUSE. Yes. Well, here is what I think is hap-
pening, and that is that EPA has systematically undercounted
methane leaks for a very long time. Environmental Defense Fund
(EDF) has done a far better job of tracking methane leakage, a pri-
vate organization, and EDF thinks that its numbers are actually
low, because there are some technical issues with trying to do real-
ly complete tracking. With the advent of better satellite methane
leak imaging, that can all be resolved.

But EPA having done this poorly for a very, very long time, it
is my understanding, it has no direct contractual relationship with
any satellite-providing entity so that it can deploy its efforts when
a large methane leak appears, which is, to me, a little bit like the
fire department not tracking where smoke is pouring out of build-
ings and going to respond to the problem.

I just do not know why that has not happened yet. It seems like
it is an incredibly obvious thing, when the technology is out there
to access the technology. I understand that NASA has acquired a
good deal of technology, and that some entities make it available
for free, but maybe not for free and immediately at the same time.
Obviously, if you are dealing with a leak, immediately is a pretty
good value to be able to provide.

We are hoping that the methane leak task force that has been
set up will get access to that technology before too long so that we
can treat a methane leak properly, not just score that it happened
months later or react after it has been spilling for weeks and
weeks. To have on-time information that causes environmental pro-
tection officials, or even local lawyers, or the mayor, I do not care
whom, to know that there is a methane leak going on in real time,
and in real time, respond and try to get it shut down.

It just seems unbelievably sloppy to not have that system in
place. We are counting on that methane task force to cure those
disabilities, those self-imposed disabilities that have been bedevil-
ing EPA.

Thank you, Chairman.

Senator CARPER. Thank you. Thanks for your vigilance and con-
tinued involvement in this issue. I know it comes from the heart.

Senator WHITEHOUSE. It is their vigilance that is where the issue
is.

Senator CARPER. Yes.

Mr. FRANKIEWICZ. Senator Carper, may I add to that? Is that
possible?

Senator CARPER. Go ahead.

Mr. FRANKIEWICZ. Thank you.

Senator Whitehouse, thank you for raising that point. There has
been a lot of discussion on technology, and the satellites are pretty
amazing. The technology does not make the data available, and
that is something that is really up for both State, local, and Fed-
eral Government to do.

Carbon Mapper is one of the few organizations that makes all
their data available. For years now, companies have been availing
themselves of private satellite data to better inform their oper-
ations, but there is no obligation to make that data available.

So that is one thing that we would really like to see, both at a
State and Federal level, that in addition to this advanced moni-
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toring, making sure that it is available in a timely way, because
emissions transparency is just as important as the technology.

Senator WHITEHOUSE. Just to be clear, I am told that the Federal
Government is now in procurement mode with regards to acquiring
access to real time leak detection services. January 2024, now in
procurement mode with respect to acquiring access to these serv-
ices. That kind of speaks for itself.

Senator CARPER. We have been joined by Senator Padilla. Sen-
ator Padilla, good to see you. How are you? Welcome.

Senator PADILLA. Thank you. Thank you, Mr. Chair.

Something that, if I have spoken on it in committee before, it has
been a while, Mr. Chairman, but I am not sure if you knew that
when I grew up, we lived not too far from a landfill.

Senator CARPER. Where was that?

Senator PADILLA. In the city of Los Angeles, the northeast corner
of the San Fernando Valley, the once-upon-a-time infamous Lopez
Canyon Landfill, to be precise, owned and operated by the city of
Los Angeles.

I share that to establish that when I say that living near a land-
fill is beyond just an annoyance, I speak from real world experi-
ence. It is in many ways a threat to our health, public health, indi-
vidual health.

It also prompted, Mr. Chairman, my environmental activism, be-
cause my mom, along with a group of neighbors and community
leaders, would bring kids out to protest for the closure of the land-
fill. This was back when I was in high school. We bore the brunt
of what landfills mean in all of the communities in which they are
located. Too often, it is soil contamination, water impacts, diesel
trucks driving through your neighborhoods emitting toxic exhaust,
and on and on and on.

In California, this is where I want to talk about equity for a sec-
ond, people of color are more than twice as likely to live within a
mile of a landfill compared to the rest of the population.

Mr. Frankiewicz, can you discuss the health impacts of landfill
emissions on nearby communities?

Mr. FRANKIEWICZ. Thank you for raising that really important
point, because as important as the climate challenge is, the impacts
of air pollution are felt on a daily basis. I mentioned earlier that
landfill gases are a mix of a number of gases, so it is methane,
water, carbon dioxide. It is also a long list of hazardous air pollut-
ants, and also smog-forming ozone pollution. Those are imme-
diately felt by the local community.

When we talk about controlling methane or even enhanced meth-
ane recovery, what we are really talking about is reducing the
amount of air pollution that is affecting local communities. One
thing I will add to that, some of the strategies to improve gas col-
lection, like automated well tuning, better cover, leak detection,
these are things that have a direct impact on safety as well.

One of the things that can be caused by improperly controlled
landfill gas collection systems is intrusion of oxygen, and that is
one thing that causes landfill fires. When you operate better, re-
cover more gas and operate a better landfill gas collection system,
you are reducing pollution and drastically improving safety.
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Senator PADILLA. We know, as far as we have come in the last
generation or two, liners to protect soil, groundwater, and gas col-
lection systems, to your own point, we still have a lot more work
to do. Just yesterday, the Los Angeles Times reported “rivers of
odorous waste” erupting like a geyser from the Chiquita Canyon
Landfill in Southern California. Carcinogens like benzene were
eight times higher than the State’s health limit, but these results
were not shared with the public for weeks.

To your point, Mr. Frankiewicz, how can EPA provide closer to
real time information on air quality to the public to protect public
health?

Mr. FRANKIEWICZ. I think this, again, comes down to emissions
transparency, because the technology on its own does not put the
information in the hands of people for action. There are actions
that EPA could take, both in terms of grants and also provide fund-
ing. This would likely be within Congress’ power to provide funding
for both the satellites but also making that data available.

There is some lag time for processing that data, but I think of
EPA’s Air Now portal, because there has been a system of air mon-
itors around the Country for years, but it was not until Air Now
and the Air Quality Index that information became accessible to
citizens. I think something of that nature would really empower
local citizens.

Senator PADILLA. Great. I want to connect some dots between
monitoring, mapping, and remote sensing. I am pleased to see a
witness today with the Carbon Mapper Project, which partners
with the Jet Propulsion Laboratory (JPL), based in California, a fa-
cility that I am particularly proud of. Their satellite will build off
of JPL’s EMIT instrument, which was launched in 2022 and is cur-
rently operating on the International Space Station.

Although EMIT, Mr. Chairman, was designed to measure dust,
it is proven to also detect methane from landfills around the world
at high spatial resolution.

Dr. Scarpelli, can you elaborate on how Carbon Mapper’s project
builds on JPL technology for methane detection from space?

Ms. SCARPELLI. Thank you for that question, Senator.

As you mentioned, these technologies are building off of each
other. The NASA JPL has an airborne instrument as well, and
they have the NASA EMIT instrument that you mentioned that is
on the International Space Station.

Our satellites will be the next generation. They have different ca-
pabilities, so the idea here is that we are seeing high emission
sources, and we are getting the information into the hands of the
operators on the ground who can take action to mitigate. We can
provide the location of those sources, and so the operators know
where to look on the ground.

These are seeing, if we can see it, that means it is pretty big.
Seeing it from space as well, that means it is pretty large. This
ranges from 10 kilograms of methane per hour to hundreds to
thousands of kilograms of methane per hour. As you mentioned,
these can impact community health.

We see methane plumes from the landfills that overlap sur-
rounding communities. Being able to take that technology and get
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it into the hands of operators to achieve quick mitigation will really
benefit the local communities.

Senator PADILLA. Thank you very much. My time is up. Thank
you, Mr. Chairman.

Senator CARPER. Thanks so much for joining us.

My colleague knows that my wife and I have a son who lives out
in California, lives out in the Bay Area. Every now and then, when
we are on a recess, I go out to California and visit technology com-
panies to find folks that are doing things that are relevant to our
jurisdiction as a committee.

A year or two ago, or three years ago, I visited a company which
was taking cow manure and food waste and anaerobic digesters
and creating, if you will, a fuel for buses and trucks and all. If you
fly into the San Francisco airport, you will notice, I think they do
a better job on separating not just trash, stuff that is not recycla-
ble, with recyclables, and with the food waste. They do a great job.
You go throughout the SFO airport, and they have these three con-
tainers all throughout the airport facility. They do a good job.

California has, as my colleague knows, a lot of cows, and they
produce a lot of cow manure. In Delaware, we have some cows, but
we really have a lot of chickens. For every person in Delaware, I
think there are close to 300 chickens. We are sort of using the
model that you have pioneered in California in DelMarVa, which
includes Delaware and Maryland, Senator Cardin, have been using
the same technology, a different source of fuel, not cows, but chick-
ens, and it works pretty darn well.

I like to say, one of the greatest compliments we can pay is copy-
ing what others are doing and hopefully making it at least as good,
maybe better. We will see, but thank you very much.

Senator PADILLA. Thank you, Mr. Chair.

Senator CARPER. Senator Merkley is on his way. He is going to
join us.

While he is on his way, I am going to ask a couple more ques-
tions. The first one is to go back with Dr. Scarpelli and touch on
something we talked about a little bit earlier, and then, Ms. Ger-
main, I have a question or two for you.

Dr. Scarpelli, how can deploying comprehensive monitoring pro-
vide benefits for both landfill operators and the local communities?

Ms. SCARPELLI. Thank you for the question, Senator. I think I
will split that into operators, then communities. Speaking to local
communities, we have mentioned that these large methane sources
can have co-emitted pollutants along with them, so by addressing
the methane sources quickly, we are also reducing that co-emission
of the pollutant.

In addition, we have seen in examples, like for the Sunshine
Canyon Landfill in California, for example, where by mitigating the
methane, we also see a reduction in the number of odor complaints
from the surrounding community at the landfill.

Then speaking to benefits to operators, the key here is we want
to capture more methane. If they have beneficial use at the site,
this means more return on investment for the operator.

We see it as technical assistance that the operators can take ad-
vantage of to go out and find the leak and fix it as quickly as pos-
sible, because landfills are complex, so knowing where to look on
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the landfill, where the leak is, it is not an easy task. Sometimes
mitigation, it is engineering design, and so verifying that once you
have made a change, the emissions actually were reduced, is also
incredibly important and useful to the operator.

Senator CARPER. Thank you.

Ms. Germain, I will probably ask Mr. Frankiewicz to join you in
anslv(vlering this question, but I want to lead off with you, if we
could.

In addition to methane, landfill gas contains, as we have heard
here today, hazardous air pollutants, odors, and other dangerous
gases. They impact air quality, they impact health, and they im-
pact our quality of life for neighboring communities, many of which
are already vulnerable anyway.

Ms. Germain, your organization is a national leader in landfill
management policy and has a unique perspective in the community
impacts related to this pollution. I oftentimes, and my colleagues
would bear this out, but I oftentimes use the phrase, find out what
works and do more of that. What we are trying to do is a little bit
of that as we address this problem, this challenge, but I think it
is an opportunity.

Would you share an example or two of government or maybe cor-
porate policies that are helping to reduce methane emissions from
landfills through gas capture or organics diversion?

Ms. GERMAIN. Sure. One of the things that we have seen a lot
of are, our members have made sustainability commitments. They
have made them publicly, and so from a corporate initiative, look-
ing at some of those corporate policies where they have made the
sustainability commitments that encompasses methane reductions.

So we collectively have been looking at a lot of the technologies
that have been discussed already, not just satellite, but also aerial,
drone, ground based. In fact, recently, collectively, we worked to,
as an industry, to do a controlled release and tested out 14 dif-
ferent technologies.

So there is a tremendous number of different technologies out
there. Which one is the right one, which one is best, are they all
good? We are not sure. We have not had the opportunity to really
explore that. EPA has not had the funding to be able to conduct
some of this research, so the industry collectively conducted some
of this research back in November. We just got the results in ear-
lier this year, and we anticipate presenting it at a conference at the
end of February. This will give us additional information on which
of the technologies will be most useful so that we can utilize that
going forward in our efforts to use best practices in reducing our
methane emission from our sites.

Senator CARPER. Good. I do not know if either of our other wit-
nesses would like to add to that or add their thoughts on that last
question, but the question I was asking Ms. Germain was to share
an example or two of corporate policies that are helping to reduce
methane emissions from landfills through gas capture or organics
diversion. Would either of you want to add to that?

Ms. SCARPELLI. I would like to add something to that. I just want
to reiterate the importance of doing these controlled release experi-
ments. This really does help technologies both determine and im-
prove their own methodologies and validate the technology.



82

One of the important things is that I know it is not easy to do
a controlled release. We are seeing these very large emission
sources from some landfills. Being able to release an accurate
amount of methane that reflects that, so that the technologies can
really be tested on those large releases is really important.

Senator CARPER. Yes, ma’am. Ms. Germain, go ahead.

Ms. GERMAIN. Yes. As we, and thanks, Tia, for saying that, be-
cause we think it is really important to continue on with these con-
trolled release studies.

We did have to conduct this controlled release study in Canada
because the length of time for us to be able to get authorization to
do it in the U.S., due to the length of time for us to get the permit-
ting, was going to be very time consuming. We also have received
interest from the Canadian government to help support ongoing re-
search in this area, and we would certainly appreciate some of
those similar efforts in the U.S.

Senator CARPER. Good. Let me come back to Mr. Frankiewicz, if
I could, but would you, Mr. Frankiewicz, please provide for us some
examples of the additional benefits that promote the health and
well-being of nearby communities with the kind of technology we
are talking about here today?

Mr. FRANKIEWICZ. Thank you, Senator, I am happy to. There are
really a multitude of benefits.

When you are talking about landfill gas control, as I have men-
tioned a couple times now, you are controlling gases across the
board, and so there is immediate air quality benefits. Also some-
thing that is not mentioned often, but is a significant issue, is odor.
Not all landfills cause odors. A well-managed gas system certainly
prevents it, but odor is probably the No. 1 issue that local commu-
nities will complain of. Things that you do to improve gas collec-
tion, reduce leaks, have bio-covers, all reduce odors and hazardous
air pollutants that impact communities.

I will give the example of Wake County in North Carolina. They
were under an enforcement action for odor problems, and the way
that they remedied it was through a combination of monitoring,
finding and fixing leaks, and improving cover, intermediate cover
and daily cover for their site. It had an immediate impact.

Then, also, the other part of this two-pronged approach we keep
talking about, when it comes to organics diversion, and not just di-
version, but avoiding food loss and food waste, that is a food secu-
rity issue. There are plenty of families that are food insecure, yet
at the same time, we are throwing away food each year. Things to
reduce food loss, food waste, getting that food into food banks im-
proves food security.

Last, we all talk about the benefits of composting. I think there
is pretty strong support for that, but one of the things that I think
is not mentioned often enough, one of the key reasons for
composting organic waste is that you are able to actually recover
those nutrients that are in soil. All those nutrients that go into
growing food, when that organic waste goes into a landfill, it is
locked there. When you actually compost the food waste, that com-
post and those nutrients go back to the farms.
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So people always talk about, without farms, there is no food.
Well, without healthy soil, there is no farms, and so it is really im-
portant to close that loop.

Senator CARPER. One of my friends likes to say that composting
is the gift that keeps on giving, and there is actually a lot of truth
to that.

I have maybe one more question for Ms. Germain and for Mr.
Frankiewicz. My colleagues hear me say some things over and over
again that I think bear repeating. I have often said that recycling
is a win-win solution. That is because diverting waste is not only
good for our environment; it is also good for the economy; it is good
for job creation. I am always looking for win-wins.

There is so much that we are doing to protect our environment,
to address climate change, that actually does create a lot of jobs.
Jeff, welcome.

Would each of you just take a moment while Senator Merkley is
settling in, would each of you, Ms. Germain and Mr. Frankiewicz,
share some more information, with us, if you will, on how organics
waste diversion can increase employment rates and contribute to
economic growth? Do you want to lead us off on that?

Ms. GERMAIN. With respect to organics, obviously, as Tom al-
ready said, there are a lot of benefits to organics composting or an-
aerobic digestion. You have soil amendment. With anaerobic diges-
tion, you have the opportunity to gain energy from that.

The issue right now is that we do not have adequate infrastruc-
ture, so we would need to ensure that we buildup the infrastruc-
ture. We definitely, I will go back to, I know I am repeating myself,
but I will go back to the labeling issue, where we really need to
focus on ensuring that the product that we create is usable as an
end product.

So we really need to focus on the contamination issues related
to that, because everybody wants to be able to claim that their
packaging is compostable, and it is just not the case with a lot of
it. We really need to be thoughtful and mindful as we move for-
ward with diverting materials.

As far as the comment about reducing our food waste, certainly,
I agree. We want to ensure that the hierarchy that EPA has estab-
lished, we want to feed hungry people, we want to feed hungry ani-
mals first, but recognize that a lot of our food waste, if it is a ba-
nana peel, that is not going to be feeding anybody. We are going
to want to end up managing that in a different way, and so that
is going to end up in the waste system.

Senator CARPER. I might add, my colleagues, Senator Capito and
our colleague from Arkansas as well, Senator Boozman, are very
much involved in the Recycling Caucus, leading it. One of the
things we have done here, I believe in leadership by example, and
one of the things we have done here on Capitol Hill, in our office,
and I hope in every Senate office and hopefully in every House of-
fice, right in our offices is the opportunity for our employees to re-
cycle plastics, metal, aluminum metal, whatever, glass. We have
composting capability, as well.

We are a pretty faithful, pretty good at it. I am very proud. We
can always do better, but I am proud.
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Mr. Frankiewicz, I want to come back to you with the same ques-
tion, and then I am going to kick it over to Senator Merkley. Again,
what are some specific jobs associated with organics recycling and
waste diversion? And then Senator Merkley.

Mr. FRANKIEWICZ. Ms. Germain talked about the importance of
moving up the waste hierarchy. One of the things you see in mov-
ing up the waste hierarchy is, the farther up you go, the more jobs
that are created. Roughly speaking, for every $10 million invested
in waste management, there are 21.4 full time jobs created in
composting, while landfilling supports 8.4 to incineration’s 1.6. Cer-
tainly, money invested in waste management creates jobs, but the
farther up you go up the waste hierarchy, the more jobs that are
created.

Senator CARPER. Good.

Senator Merkley, welcome. Good to see you again, twice in one
day. We showed up for work together, and here we are, together
again.

Senator MERKLEY. Thank you very much, Mr. Chairman.

Thank you all for bringing your expertise to the hearing today.
I wanted to understand a little bit more about the monitoring of
methane emissions. Mr. Frankiewicz, the traditional monitoring
approach is, whether it is modeling based on assumptions or
ground-based monitoring, and I think that is primarily done
through an infrared technology, but perhaps you can clarify. Are
those adequate to inform our approaches to methane emissions?

Mr. FRANKIEWICZ. I am sorry, I did not quite hear the last part.

Senator MERKLEY. Are the traditional approaches, either just
modeling based on preexisting assumptions, or kind of ground-
based monitoring sufficient to understand really the amount of
methane that is emerging from different settings?

Mr. FRANKIEWICZ. They are not adequate, and we see two ways
that technology can improve those estimates. Generally speaking,
the kind of landscape of the technology that you have, some of it
overlaps, but generally speaking, you have technology that is
maybe more focused on emissions quantification and others that
are better at detection.

When it comes to quantification, the observations that are done
through a network of satellites can both ground truth and improve
the modeling methodology. It is not in a place to replace it, but it
could certainly improve the measurements that are used for both
modeling and inventory purposes.

When it comes to detection, the current methodology is highly
subjective. There are technologies that are drone-assisted, but still
operated by people that drastically improve the chances of detect-
ing and fixing those leaks.

Senator MERKLEY. As we have brought these technologies to
bear, satellite monitoring, drone monitoring, have we found that
our original estimates of methane were on target, or were they sig-
nificantly lower than what we are discovering?

Mr. FRANKIEWICZ. They found that they are significantly lower,
and in fact, EPA came out with a report recently on its Greenhouse
Gas Reporting Program that generally found that the inventory
underreported based on current modeling-based methodology.
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Senator MERKLEY. Let me turn specifically to landfills. Do we
spot super emitters like landfills better in terms of using satellite
or drone technology? Is it helping us understand the large scope of
the problem?

Mr. FRANKIEWICZ. They are, and I will certainly defer to Dr.
Scarpelli on this specific technology. One of the things that EMIT
and other technology has shown is that you can detect these from
space. When it comes to pinpointing those leaks, that is where it
is helpful to use kind of a matrix approach to pinpoint these leaks,
but you absolutely can see these super plumes from space.

Senator MERKLEY. Dr. Scarpelli, do you want to amplify on that?

Ms. SCARPELLI. Yes, I agree with Mr. Frankiewicz’s comments.
We can use these technologies to see these large emissions sources.
One of the benefits of remote sensing, and we have seen this in
practice working with State governments, is that you get a view
across the facility. You do not necessarily need to know where the
leak is coming from to see it, because we are seeing all the full fa-
cility, and we can quickly survey multiple sites.

These satellites are circling the Earth, so it can see across the
U.S. It is not just one drone at one facility, and so having a com-
bination of these different scaled technologies is really important
for identifying those high emitters.

Senator MERKLEY. I have heard that the EPA has kind of
dragged its feet on contracting for satellite based methane con-
tracting. What is that all about?

Ms. SCARPELLI. I can not speak to EPA’s contracting. I would say
there is a need to have Federal support to help scale up these tech-
nologies and provide access to the data quickly. The feedback we
have gotten from operators is that it is really important to get the
data quickly and have the data be transparent so that they can
quickly fix leaks. That is one of the roles that the Federal Govern-
ment can play.

Senator MERKLEY. Mr. Chairman, this is something that perhaps
we can followup on, because if we have this high value satellite
technology that EPA has been funded to contract for but has not
contracted for, then maybe we can help accelerate that process to
try to help tackle this challenge.

Once we identify the particularly significant sites, and I was sur-
prised to come to understand how significant landfills are, do we
have, really, the affordable technologies to be able to capture that
methane out of landfills? Do we have the funding to tackle that
challenge? It is going to take more Federal help?

Ms. ScARPELLI. I can speak to the monitoring perspective on
that. We do have monitoring technologies that can help find these
leaks, and these are being deployed at landfills. Really, the key
here is we just need to scale up the use of these technologies. I
defer to others in terms of the availability of actual design changes
that can be made to achieve the mitigation.

Mr. FRANKIEWICZ. Yes, the control technology is proven. It is gas
collection, soil cover, finding and fixing leaks, these are things that
landfills have been doing for a long time. With advanced moni-
toring and doing it in tandem, they are actually able to design
these systems better and operate them better.
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Ms. GERMAIN. I just wanted to clarify that as we talk about find-
ing the leaks, and certainly, that is one of the things we are really
interested in deploying these technologies for, is to be able to find
the leaks and repair them as quickly as possible, the subtext seems
to be that all the landfills have leaks. A lot of the measurements
have been non-detects, so most landfills have no detectable leaks,
and I do not know that is coming across during this conversation.
As some of these flyovers and detections are occurring, most of the
landfills do not have any leaks, but the landfills that do can have
significant leaks that, if they are told about quickly, can be imme-
diately repaired.

Senator MERKLEY. I know I have run over my time, so you can
interrupt me, Mr. Chairman. My impression has been that when
you have landfills that have been filled with gravel or soil, it is one
thing, but when you have garbage and other things that are decom-
posing, it is quite another that is the place where you have landfills
with really high methane emissions.

Why do some landfills have, as you pointed out, little methane,
but are significant emitters?

Ms. GERMAIN. It is usually a function of the collection system, so
even the municipal solid waste landfills that take all the organic
matter, they have those landfills that have shown to have no leaks.

Senator MERKLEY. It is attributed to the effectiveness of the tech-
nology?

Ms. GERMAIN. Right, and so, as we have been talking about, if
you can go rapidly, fix the leak, correct it, then it can be confirmed
on the next flyover. They can confirm that there is no more leak
from that facility.

Senator MERKLEY. Doctor?

Ms. SCARPELLI. It is true that we do, speaking to how many
emitters we see, we have surveyed about 300 landfills in the U.S.,
and we have seen 200 of those landfills have high emissions. It is
not necessarily that the biggest ones are the ones with the biggest
emissions, and the emissions do vary by site.

We find that the landfill workface is a major source of emissions,
and then the landfill gas capture system is also, and this can be
if the wells are flooded, they potentially would have methane leak
out of those wells.

We have seen it with the flare stacks. If the flare is down for a
period of time, you can have methane leaking out of that. We have
seen these varied emissions sources across the landfill. We have
had examples, as well, where we have identified the methane leak
from surface cover, for example, and then the operator has gone in,
made adjustments to the cover, we have flown it again, and we
have seen the leaks have actually been reduced. We have used the
technology to verify that.

Senator MERKLEY. Well, that is very effective.

To the degree that there is organic matter in the landfill, do we
see cities going, we will reduce the methane leak by having sepa-
rate organic digesters to essentially produce methane and maybe
put it into the fossil gas system, or in other words, keep it out of
the landfill to begin with?

Mr. FRANKIEWICZ. Keeping it out of the landfill is definitely the
right approach. That will, in the long term, reduce overall methane
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emissions from landfills, but because you mentioned the waste in
place, right, that decomposes for upwards of 50 years. Unfortu-
nately, you do have to do both at the same time.

Just to put a finer point on Dr. Scarpelli’s point about detecting
leaks from space, I think some of these large super emitters, you
can see from space, and for sure, that should be an area of focus.
That should not be the rule of thumb, right, only control what you
see from space, and that is where near aerial observations and
drone based observations are important, because then you could
look at, and we advocate for lowering the detection threshold from
500 ppm to something closer to 200 ppm. Just because you can not
see it from space does not mean you might not have a large, diffuse
area of source emissions across the cover. That is where things like
using bio-covers and autotuning of wells to better control your gas
can reduce those leaks that you may not see.

Senator MERKLEY. Thank you all very much, again. Thank you,
Mr. Chairman.

Senator CARPER. Thanks very much for joining us, Senator
Merkley, and for your consistent and excellent leadership.

We have a vote underway. I need to run and vote before time
runs out.

Before that, I am going to telegraph my pitch. In baseball, you
want to pitch in a way that we can see how the pitcher holds the
ball before he releases the ball to the plate, figure out if they are
going to throw a spitball or a screwball, a hanging curveball, you
can tell by the way they telegraph their pitch. I am going to tele-
graph my pitch.

I am going to telegraph and say that I am going to tell a quick
story, and then I am going to come back to each of you and ask
you to take maybe a minute and just tell us where you think there
1s really important common ground that we have heard here in this
hearing. It has been an excellent hearing, and we are grateful for
that, but just be thinking about that. Now, I will tell you a story.

I have been a naval flight officer in the Vietnam War and spent
half my time in Southeast Asia with my squadron and half of our
time flying out of Moffett Field Naval Air Station, which is right
on Route 101, across from Mountain View, California, about half-
way between San Jose and San Francisco. I mentioned earlier some
of the things that I have learned by going back to that part of the
world and about, among other things, anaerobic digestion. The first
time I ever learned about it was back out there to see one of our
sons.

When I left California and moved to Delaware to get an MBA,
I continued to fly with the Navy in the Reserves for another almost
20 years, but my first week or two in Delaware, I met, I got
instated in an MBA program.

We had to find, one of our assignments in this one course was
to find a company in Delaware that was always in the news for get-
ting in trouble with the Delaware Department of Natural Re-
sources or with EPA, and then do a study of that and report back.

I found out that I did not know much about Delaware, but I
found that they had an oil refinery called Getty Refinery, as in J.
Paul Getty, right at the Delaware River in Delaware City. I de-
cided I was going to do my research project on that refinery, which
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was one of the worst polluters on the East Coast. I found out that
the person I should talk to about their violations was actually a
Deputy Attorney General down in Dover, Delaware, and that if I
could track him or her down, I could really get a lot of help on my
assignment.

I drove in my Volkswagen Karmann Ghia with a rebuilt engine
from Newark, Delaware, where the university was, to Dover, Dela-
ware. I found Dover, Delaware. I found the Department of Natural
Resources and Environmental Control. I found the building where
the Deputy Attorney General for that agency was working, and I
found him on the second floor of that building.

His name was Mike Parkowski. He could not have been more
helpful. He welcomed me warmly. I had been in Delaware a couple
weeks. He welcomed me warmly, provided access, he had filing cab-
inet after filing cabinet of violations from the Getty Refinery. He
gave me access to that, a desk to work in.

I worked, and I would come back week after week and do my re-
search and all. His wife offered to type my research paper for me.
I did not need any help, but I certainly appreciated all the help
that he provided.

Mike Parkowski has a son, and I think you might know the son,
Anne. His name is also Mike Parkowski. What does he do today?
Can you turn on your mic and tell us what he does?

Ms. GERMAIN. Mike is responsible for a lot of the outreach and
government affairs and policy work for the Delaware Solid Waste
Authority.

Senator CARPER. Just last week, my staff and I visited the edu-
cational facility that they have in Dover, Delaware, where thou-
sands, probably tens of thousands of students come every year and
learn about recycling and our planet and so forth, and he does a
great job. It is nice to see that one generation follows another.

I am going to ask, again, each of you to take just a moment now
and just share with us the common ground that I mentioned ear-
lier. Tom, if you want to lead off, that would be great. Just briefly.

Mr. FRANKIEWICZ. Thank you, Senator Carper, for that story.

Senator CARPER. Isn’t that a great story? I just made it up, so.

[Laughter.]

Senator CARPER. Not really.

Mr. FRANKIEWICZ. Well, I appreciate the time. It allowed me to
get my thoughts together.

Senator CARPER. There you go. That was the idea.

Mr. FRANKIEWICZ. I think, hopefully, what you can see here by
the different points we are making, they do not differ very much.
I think we agree on more than we disagree on.

Since 2016, the last update of the NSPS standards for landfill
gas, the technology has advanced rapidly. There is technology that
we could use to better find and fix leaks, identify super emitters,
and better inform models and inventory.

We are already collaborating with the waste industry in identi-
fying some of these solutions. We would like to continue that, and
we would like to see EPA join us in this effort by incorporating
these advances into stronger Section 111 standards.

Senator CARPER. Great. Thanks.

Dr. Scarpelli?
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Ms. SCARPELLI. Yes, just to second that, and we have seen here
today that landfills are large methane emitters. Not all landfills
are large emitters, and there is huge potential for mitigation. The
role of advanced monitoring is to guide mitigation practices to iden-
tify the leaks, help the operator go through, and also verify that
once the mitigation has taken place, that emissions are actually re-
duced.

There is also a role for accounting for emissions, and this will
play a role for climate policy, that we need to know, our models
need to be accurate. Using the data as well to help inform models
and inventories will also be important.

Senator CARPER. Thank you. Ms. Germain?

Ms. GERMAIN. We have made tremendous progress over the last
30 years, as I stated in my opening remarks. We have reduced our
methane emissions by about 45 percent since 1990. However, that
still means that we have a long way to go, and we recognize that.
We are committed to meeting the global methane pledge made by
the Administration of reducing our methane emissions by another
15 percent by 2030. We are committed to using technology to help
support those efforts.

Senator CARPER. Great. Thank you.

I am going to wrap it up here, but in wrapping it up, I just want
to thank each of our witnesses for your preparation and for taking
the time to join us today. I want to thank you for what you do with
your lives.

There are a lot of important issues that we consider in the Sen-
ate and in this room, but I do not think anything is more important
than what we have discussed here today. As we have heard, we
have the tools at our disposal to really, I will notsay quickly, but
expeditiously reduce methane emissions from landfills. We are
doing it, we can, as we said earlier, we can always do better.

New technologies to detect and quantify emissions, when com-
bined with techniques to avoid and capture methane emissions, not
only drastically or dramatically reduce emissions, but can also cre-
ate new jobs, new jobs opportunities. I am always about, how do
we do good things for our planet and create jobs at the same time,
and they actually can work together.

Implementing these tools effectively can improve the health of
our communities and slow the progression of climate change, a true
win-win situation. I look forward to working with my colleagues,
Democrat and Republican, on this committee, and in the full Sen-
ate to continue this conversation, and make real progress in reduc-
ing landfill methane emissions.

Before we adjourn, just a little bit of housekeeping. Senators may
submit questions for the record until the close of business on
Wednesday, February 14th. When is Valentine’s Day? Is that Val-
entine’s Day? What a day to remember. We will compile those
questions and send them to our witnesses. We will ask our wit-
nesses to reply by Wednesday, February 28th.

Before I adjourn, I just want to say to our staff members on both
the Republican and Democratic sides, majority and minority, how
much we appreciate, on behalf of my colleagues and Senator Cap-
ito, how much we appreciate the work that went into making this



90

hearing occur. It has been a great hearing and, I think, an encour-
aging hearing.

In the world that we live in, there is a lot to be worried about,
concerned about, and this is one, certainly climate change is a big
one, but there is good work that is being done, important work that
is being done, and we have heard about how we can do that even
better going forward.

With that, it is a wrap. This hearing is adjourned. Thank you all
very, very much.

[Whereupon, at 11:56 a.m., the hearing was adjourned.]
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COALITION

January 29, 2024

Senator Tom Carper, Chairman

Senator Shelley Moore Capito, Ranking Member
Senate Committee on Environment and Public Works
410 Dirksen Senate Office Building

Washington, DC 20510

Comments for the Record - Committee Hearing: “Avoiding, Detecting, and Capturing
Methane Emissions from Landfills”

Chair Carper and Ranking Member Capito:

The US Circular Economy Coalition would like to offer comment as the Senate Environment and Public
Works Committee seeks feedback on methane emissions from landfills and how to mitigate their harm
to the environment and local communities.

The US Circular Economy Coalition (CEC) is a network of like-minded and future-conscious companies
and institutions dedicated to improving waste and materials management policies in the U.5. We
recognize that in order to reach our collective goals to reduce pollution and eliminate carbon emissions,
we need stronger policies from our leaders in Washington to create stronger incentives to build a truly
circular economy built on science and the waste hierarchy.

Our Mission is to advance a more circular economy as a means to help reach a global goal of net zero
greenhouse emissions by 2050 through practical, tangible, and measurable action considering resource
and economic efficiency.

The CEC is pleased to see the Committee is examining the effects of methane emissions and how
mitigation can help achieve climate goals and improve air quality. As you know, methane is more than
80 times more potent than carbon dioxide over a 20-year period, with the United Nations Environment
Programme (UNEP) designating methane emissions reductions as the “strongest lever” for avoiding the
most severe impacts of climate change.

Accurately measuring landfill emissions is an essential component to adapt circularity in the US
economy. These emissions, often underreported, have significant impacts on local communities by
contributing to air pollution and accelerating climate change.
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Methane emissions are primarily emitted from decompaosition of organic and biodegradable waste
placed in landfills. While some landfill systems are able to capture methane, it is often inconsistent and
imperfect with frequent flaring and unaccounted emissions. In fact, landfills are not required to measure
emissions directly. Instead, they model these emissions as reported in GHG inventories and are often
found to be as much as twice the reported value, according to studies by the Department of the Interior.

While your Committee continues to solicit testimony and gather information, the CEC encourages you to
ensure accurate methane emissions data is collected to effectively tackle this challenge. Further, in
order to mitigate the release of methane emissions, proper data is essential for any effort to be
successful. Toward that end, we ask that this letter be added to the official record of this hearing, as well
as a recent study on the efficiency of collecting and measuring of landfill gas (attached).

The CEC and our members appreciate your attention to this critical issue and looks forward to
supporting efforts to reduce methane emissions.

Sincerely,

Sean Trambley
VP of Policy



93

Wiste Management 175 (2024) 8391

Contents lists available at ScienceDirect

Waste Management

ELSEVIER Journal homepage: www.elsevier.com/locate’wasman

Research Paper

Landfill gas collection efficiency: Categorization of data from existing
in-situ measurements

Charles R. Giordano “", Michael E. Van Brunt ", Shanee J. Halevi ", Marco J. Castaldi®,
Zsanett Orlovits”, Zoltan Tlles®

* Centred Furopenn University, Nador . 8, 1051 Budapest, Hungary
" Covarta, 445 South St Morristown, N 07960, United States
* Chemical Ergiteerig Dep & Farth Center, The City Callege of New York, CUNY, New York, NY 10031, Urited Stotes

P af Mech Optics exnd Mech | g Iformectica, Faculty of Mechanical Engimeering, Budopest Uriversity of Tachoolngy and Ecommics,
Mmqu\ A, H-1111 Budapest, Hungary

ARTICLE INFO ABSTRACT

Feywords: Landfll methane emissions are timated using type dependent default collection efelency
T‘lllil‘:rﬂ solid waste walues, with a firstorder decay model or d gas collection. Current default collection efficiencies used in
andfil

the United States were predominately derived from 4 studies conducted during or prior to 2007 that relied on
flux chambers, Flux chambers are limited I‘y small sample sizes, placement restrictions, and the inability 1o
mcasT fssions from gas or leachate coll Since 2007, over 14 new studies have been completod
using more advanced technologies that allow for direct measurement of methane plumes from most or all of a
landfill's surface, On average, these measurements are 2-3 times greater than emissions predicted by carrent
medels and collection efficiency defaults. In lHew of measuring emissions from all landfills, updating collection
efMiciency defaults can bring modeled emissions into better ali with To this end, collecti

efficiency estimates derived from measured data were categorized into cover types and then adjusted to account
fiar casess where whole plume wrs am amlgamation of multiple cover types. The resultant adjusted
default values were 41% for daily cover, 69% for intermediate cover, and 71% for final cover. Direct mea-
surement of landfill methane emissions is preferrable to account for the full range of variables driving landfill
emissions, including ml]eniun system design and operation. However, applying these updated defaults back into

Meshane emissions
Landfill gas collection efficiency

the landfill emission mod ion of landfill emissions for the datasct reviewed, and would
provide a more scenrate estimate of land fll w issiong whene ane
1. Introduction comprehensively, The lack of dnn presents challenges for
developing accurate and up-to-date i and emission factors for
1.1. Background use in lifecycle analysis (LCA).
In lieu of direct gas ies have

Gllmnle ci:nnge is a pressing global problem caused largely by largely relied on emission factors and models often based on minimal

of ki gases (IPC ). Effectively amounts of data. The potency of methane relative 1o carbon dioxide

informing policies aimed at addressing climate change requires robust amplifies the inherent uncertainty relative to other more reliably vetted
greenhouse gas inventories. Methane is the second greatest driver of sources, such as fossil fuel combustion. Recent studies indicate signifi-
human caused climate change, and the subject of recent | cant discrepancies between direct atmospheric measurement and
liling the Global Methane Pledge with over 100 coun- emissions estimates currently in inventories, on the local and regional

tries as signatories. The three largest global sources of anthropogenic level (Peischl et al., 2013, McKain et al., 2015, Plant et al., 2019), as well
methane emissions, ofl and natural gas, agriculture, and waste man- as the national level (Miller er al,, 2013, Wechreral,, 2014, Turneretal,
agement, are fugitive and difficult o be measured directly and 2015, 2016, Saunols et al, 2020). Among the leading sources of

e glordanot mespom_en (C.R. Glordana).

1 / 3.12.042

Received 20 March 2023; Received in revised form 11 December 2023; Avcepted 22 December 2023
Available online 3 January 2024

0956-053X,S 2023 Elevier Lid. All rights reserved.



94

K. Giondno ef of.

anthropogenic methane, the oil and natural gas industry has received
the meost attentien, with studies finding significantly higher levels of
emissions than previous estimates (e.g. Alvarez et al., 2018). However,
the data from the oil and gas industry do not fully explain the difference
between inventories and direct field measurements,

1.2, Significance of landfill methane

Landfills generate h through i ition of
bicdegradable waste by a vsnety of mluonrg,amsmn and are the third
lnrgest source of issions globally (LUNEP,

2021). Emissions from h.ndﬁl.h present a special challenge in terms of
accurate quantification, because they emanate from point and distrib-
uted sources over wide surface areas and exhibit high spatial and tem-
peral variability (Scharfll er al, 2005, '.'ultJ).

Monster et al,

Waste Managenent 175 (024) 82-91

its relatively high uncertainty. Prior to the availability of GHGRP data,
which use somewhat different models, the US National GHG Inventory
(GHGI) used the FOD Method.

The GHGRP, applicable to landfills with annual emissions in excess
of 25,000 tonnes of earben dioxide eq . offers an all )
appmn:h In additien to the FOD method, methane emissions can be

1 based on of gas coll nrnlnndﬁ.l.l nssnn:led
rates of soll oxidation, and an d overall
based on the spatial distribution of three cover types (daily, intermedi-
ate, and final) in place at the landfill (US EPA, 2013a). Daily cover refers
to soil or other materials placed atop the working face(s) of a landfill at
the end of the day, which are meant to contrel odors, pests, fire hazards
and reduce scattering litter and dust. Daily cover is typically used for
operational areas of the landfill, until an intermediate cover is placed,
for a total duration of three to five years after initial gas collection

Furthermore, landfill emissions are affected by P
tion and changes in atmospheric pressure and are the net lesu]l‘ of a
complex system of lon, source through
aerobic soil oxidation, and active contrel through landfill gas collection
and management systems (Scharff et al., 2005, Oonk, 2010, Menster
et al., 2019).

Landfill cover systems, g of soil and b are
installed to contain the waste placed, and vary at different peints in time
and in different locations, in terms of gas and liquid permeability. Most

system installation (Levis and Barlaz, 2014),

Intermediate cover is used to keep areas of the landfill covered that
are not then currently receiving waste but that are not yet ready for
installation of a final cover. Under the GHGRP for US landfills, inter-
mediate cover is defined as at least 30 em (12 in.) of soil and final cover
i 91.44 cm (3 feet) or thicker of clay or other materials as approved by
the relevant authority, or a ‘geomembrane’ cover system (US EPA,
2013E). A final cover which does not meet these requirements is

active municipal solid waste landfills in the United States (US) that
report their emissions through the US EPA’s Greenhouse Gas Reporting
Program (GHGRP) now have gas collection systems in place (74 %), and
many of these recover energy from the collected gas (LS EPA, 2019). Gas
collection is typically through a series of vertical and/or heri 1

idered an | diate cover for the purposes of the GHGRP.
Moxdels used through the GHGRP, which rely on recovered gas quantities
and default parameter values, do not provide for separate accounting of
methane emissions that may come from the gas or leachate collection
systems.
ly 70 % of landfills with gas collection syshemsmvemd

collection wells eperated under a slight vacuum, The extent of vacuum
pulled on the system is a balance between effective gas collection and
the risk of drawing oxygen into the subsurface which can create fire and
explesion hazards, The efficacy of active gas cellection can vary signif-

by the GHGRP used the default collecti nt
approach described above with the remaining 30 % of ]andﬁ]]s uamg
the typical POD-derived method. The two approaches can yield sub-
stantially different results. Modeled estimates from the FOD approach
HH-&) for 2021, were on average 8.7 times higher than those

lcamly, based on system design, as well as ional and (Equatl
izzues, ing cap and system
floading.

Collected gas, generally about 50 % methane, is routed to either a
flare, an energy recovery device (e.g. internal combustion engine), or
turbine or p d for direct Inj into natural gas
pipelines. Leachate, or lhe liquid that percolates through a landfll, is
collected for treatment through separate collection systems. Uncollected
gas can be emitted through the cover, gas collection, or leachate
collection system, making them all potential sources to consider when

ing or overall from a landfill (Spokas et al.,
2006, Menster et al,, 2019). A portion of the gas that diffuses through
soil covers is also zex| by methanotrophic bacteria.

1.3. Landfill methane emissions accounting

Landfill h Issl can be d using the First-Order
Decay (FOD) Method (Egzleston et al., 2006) and assumed rates of gas
collection and oxidation in cover soils. The POD Method estimates the
total methane generation of a landfill based on the amount of biode-
gradable organic carbon in place (DOC), an -wznrned fraction of biede-
gradable waste that can d pose under ditions (DOC),
the fraction of methane generated in landfill gas (F), and a climate
dependent first-order decay rate (k). In some model Jmplemenmuonx
the DOC, DOCE, and F terms are bined into a meth
potential term (Lg). Emissions are caleulated by subtracting both the
amount of gas directly or < based on an
assumed collection efficiency, and an assumed rate of methane oxida-
tion within the cover soils, from the modeled generation (Eggleston
etal, :2000) The FOD Method is commonly used for inventories given
its =i i in the IPCC Jfor National
Gas Inventories, and ubiquity in regulations, emissions models, and
lifecycle models (Eggleston et al, 2006), despite IPCC's recognition of

made from the default collection efficiency approach (Equation HH-8,
see Supplementary Material, SM-1). Landfill operators are allowed to
choose an approach based on what they deem more representative (s
EPA, 2019) and can switch approaches from year to year.

The above methods are useful in modeling emissions from a landfill
in a given year, such as in a GHG inventory. For LCA, where the func-
tional unit is typically a mass of waste managed through landfilling or
other means, the sum of emissions over time are generally considered.
This approach is useful in comparing the climate impacts of different
waste management approaches, as is done in the US EPA's Waste-
Reduction Model (WARM, US EPA, 2013a) or in the US EPA’s waste
management-specific LCA tool, the Municipal Solid Waste Decision
rmppcrr Tool (MSW DGT RTI, 2021). Lifetime methane emissions are

lated base | adjusted bused on an assumed
lifetime coll (WARM) or a p y variable collec-
tion efficiency (MSW DST), and assumed soil oxtda!ion. Lifetime
collection efficiencies are calculated based on the FOD rate constant and
specific collection efficiencies assumed for various cover conditions that
exist for the life of a mass of waste in a landfill. These values account for
time before and after eollection systems are operaticnal in an area of the
landfill where waste is placed.

In addition to collection efficiency defaults, models also rely on
default soll oxidation values. Currently, both the GHGRP and WARM use
default soil oxidation factors that are a function of cover type and pre-
dicted emissions flux, with slight differences between cover type de-
scriptions and default values (LS EPA, 2009, US EPA, 2020). MSW DST
applies a uniform 15 % soll methane oxidation across landfill alterna-
tives, though the user can override this default with a separate value,
provided they can also supply adequate rationale for the change (RTI,
2021).

The US EPA LCA and inventory medels apply different collection
efficiencies based on cover materials in place (see SM-2). The GHGRP
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applies an average landfill gas collection efficlency weighted by the Mebile whole-pl T invelves driving an auto-
relative area under each cover type and collection system binati maobile d ind of a landfill on a horizental transect to measure
(Us EPA, 2009). The GHGI for all 2010 ions values h ion of the entire plume (Conk, 2010). Stationary

reported through the GHGRP, with a scale-up factor, of 9 % for years
2005-2016, and 11 % for years 2017-2021 (US EPA, 2023), The scale-
up factor is applied to the total emissions reported through the GHGRF,
to account for landfills not subject to reporting through the GHGRP (U5
EPA, 2023).

The EPA's lifecycle inventory and screening tools take a different
approach, since they take the perspective of a functional unit of a ton of
waste managed, instead of emissions from an entire landfill. WARM
applies different values as a function of time since waste iz placed in a
landfill, for varied scenarios that reflect an assumed rigor of collection
(e.g. aggressive, typical). WARM also specifies a separate collection ef-
ficiency for landfills with cover still not meeting standards of final cover,
but having remained in place over 14 years in most of more

plume menitoring instead relies on measurements from static fixtures,
still located downwind of the landfill. For both stationary and mobile
plume monitoring, dispersion models are in some cases also applied to

reach a total landfill emissions estimate (e.g. Aronica et al., 2009),
Aerial plume measurements have become more common for
measuring flux from area sources, including landfills (e.g. Pelschleral,
2013). Aerial measurements involve use of an aircraft flown downwind
on a linear path or in a circular or elliptical path around a landfill (e.g.
Hanson et al., 2020), i of h at varying
altitedes against a background usmg onbeard analysis equipment. Both
the linear and encircling methods have been demonstrated to be effec-
tive, but the latter is prefermd for capturing both upwind and downwind
D 2 on obstacles such as terrain and air traffic

than 7 years in the ‘California regulatory scenario’ (US EPA, 2020). The
figure used to the Ffici for this portion falls
between the assumed collection efficiency values for the i i

restrictions hawever. en:uclmg flight paths are not always practical
(Hanson et al., 2020).
Aerial can be d with of

and post-closure phases, The MSW DST takes a similar approach; how-
ever, the user can modify the specific assumptions for landfill gas
collection efficiency by year.

1.4. Landfill methane emissions measurement
Methane emissions from landfills can be directly measured. Recent

wark has indicated landfills to be a more dominant source of methane
than agricultural sources or oil and gas | ding te such

other gases, including carbon monoxide, carbon dioxide, propane, and
ethane to differentiate between different sources of methane, including
icn, natural gas, agri 1, and landfill sources of methane
(Peischl er al., 2013), Overall, l‘he adwznl oE aeria] measurement in
recent years has been groundb 1 regula
tors and researchers romeasule emissions &om landfills that previously
would not have been possible.
Sweral other methods exist for use in the field to measure landfill

These include eddy covariance, integrated surface

direct measurements (Duren et al., 2019). To date, nearly all
ments have been performed using cne of four techni flux chamk

and surface The eddy method in-

vertical radial plume mapping (VRPM), ground plume, or aerial plume.

Historically, mest measurements were made using flux chambers,
Typically consisting of a nominal, less than 1-square-meter box secured
into the landfill surface, emissions fluxes through the landfill are
caleulated by itoring the ¢ fon of 1t over time
(Monster et al., 2019). Dynamic flux chambers incorporate a stmdy gas

valves simull g flux of a target gas species (l.e
methane) as well as wind velocity across a horizontal plane cast above
the landfill and quantifying covariance between the two variables in
order to determine an emissions estimate (Monster et al,, 2019). Inte-
grated surface Itori with i ! deling is a
technique that has been applied by US landfill opvmlars and :vguhwra
(CARB, 2009), which i surﬁ:lce b and

with di deli to an

flow rllmugh the box to eliminate any effects of i

thane fluxes (Monster et al., 2019). Flux
chambers are ms)' to deploy and can provide some degree of spatial
resolution to enable comparison of different cover materials or con-
struction. However, flux chambers are limited by small sample sizes,
anussmu of finite point sources meIudju,g surface lmpeufecﬁom and

overall emissions estimate for the ea::ire landfill (Huitric et al., 2007).
Surface itoring alse directly above the surface
of a landfill, but instead utilizes a flame icnization detector (FID) to
measure emissions from the center of uniform-sized cells all along the
surface of a landfill (Maohsen, 2019). Individually and cumulatively,
these techni have been applied sparingly for landfill emissions

system and ar

with methane transport mec]nmsms As a result, they have been iden-
tified as iall ] (SWICS, 2012, SWANA,
2013, US EPA, 2008b, 2011a, CalRecycle, 2012, Monster et al,, 2019,
Amini et al,, 2013, Babilotte, 2011), Despite their limitations, current
default collection efficiencies were largely informed by flux chambes
data (US EPA, 2009).

VRPM, described in EPA Other Testing Method-10 (US EPA, 2011b,

Green et al, 2011), i a path | d lon af
methane using an ophml instrument, such as an open path tunable dicde
laser, and estimate metk flux across

a vertical plane. Determination of an area contributing to flux (ACR)
translates the measured methane flux through the vertical plane to that
from the landfill surface. VRPM introduces uncertainties mainly through
its inability to measure emissions from an entire landfill. VRPM instead
measures flux for a single area, which is then Interpreted as represen-
tative of either a larger section of the landfill with similar properties, or
for the whole site.

Ground plume techniques include tracer-di methods, as well
as stati ¥ or mobile whale-pl which all attempt to
measure emissions from the entire landfill at a downwind location on
the ground surface. Tracer-dispersion involves release of a tracer gas at
the source and downwind measurement of both the tracer gas and
methane within the plume to determine emissions (Galle et al,, 2001).

measurement.

In the US, the current defaults for landfill gas collection efficiency
and soil oxidation used for the GHGRP were adopted in 2009 (US EPA,
2009), The US EPA adopted a series of cover-type dependent instanta-
necus collection efficiency defaults to apply in modeks used for GHG
inventories, which was based on a 2007 industry report using flux
chamber data frem & published studies dated from 1999 ro 2007 that
covered 11 landfills, 3 in the US and 8 in Europe (N\‘\'If S, 2007, US EPA,
20049). The changes were 1 and lized as an imp:
over the h of a single 75 % collection efficlency default
typically ref din the EPA's emisslon Factor datab d LandGEM
model. Default collection efficiencies were later revised downward for
use in lifecycle inventories (e.g. EPA WARM) based on an updated re-
view of the available data (Barlaz, 2012). The EPA has also used a
default efficiency of 85 % ina 2013 smdy. rcgu!awryxmpn:: analysis for

landfill Mew Source and its factor
database, AP-42 (US EPA, 2008a, )l)l.n 2018).
New measurements have added significantly to our unds ding of

landfill emissions, but have not been reflected in the current collection
efficiency defaults widely used in GHG inventories and lifecycle as-
sessments. A growing body of peer-reviewed studies and a prominent
report by UMNEF (2021) have reported measured landfill emissions
significantly greater than current models. Therefore, a comprehensive
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review was d In this study b if changes to collecti fated with each individual emissi timate, In several studies,
efficiency defaults were needed to bring measurements and medels inte gas coll data were in the published pt. How-

better alignment.
2. Materials and methods

Landfill methane measurement data from 26 studies uunduu:led be—
tween 1999 and the present were bled into a
dataset covering variation in landfill size, cover materials, annual pre-
cipitation, geographic location (region), and measurement technique
deployed (see Table SM-3-1). Essentially all measurements for these
studies were done during operational hours of the landfills, which is
typically an 8-10 h pericd during the day. Studies were selected based
on geographic location Dfllu J.andﬁl]s studled as w!ll as nvm]a'blllty of

ever, for many studies, additional data were required. For US-based
studies, gas collection data from the GHGRP were used where no
collection data were presented (US EPA, 2021).

‘Where collection efficiency was calculated from reported data, the
following equaticns were used:

P Collected
CollecttonEictency = G cted ¥ Emitied T Onidized M
Collected
Collectionffficiency = L (2)

Collected -+ Emitted

E.qunl:on (1) nuuors how collection efficiency data are used in the

data necessary for from
measurements where cne was not provided in the respective study.
Studies from Europe, Canada, and the US were selected because they
generally represent similar wastes, landfill design and operation,
Ithough years of bi waste di jon in many

countries could have a impact on
Cakul.atmn required an emissions measurement made using any of the
inthei and a v figure for
the quantity of meth. Oxidati based on mea-
surements were also extracted and utilized for caleulation of collection

efficiency where available.

Review of each study was done to extract available data, including
landfills studied, their Iocaum:s. nme when nmsu.remen:s took place,

amd lifecycle models, including the GHGRP,
WARM, and the MSW DST, where separate assumptions for gas collec-
tien efficiency and soil oxidation are applied. Eq. (1) was therefore
applied to calculate a collection efficiency estimate for as many dara
points as possible, pending the availability of oxidation data from the
study. Where oxidation data were not made available by the study and
the given landfill was located in the US, oxidation defaults from the US
EPA were applied to calculate collection efficiency using Eq. (1). Eq. (1)
was ultimately applied to most landfills included in the study (69 %
overall).

Equation (2) was applied when no scil oxidation data were available
and the US EPA oxidation defaults would not be viable (i.e. the landfill
was not located in the US). Given that soil exidation ls not included in

the tech
cover type(s) present at the time, as wd.l as oxidation measurements.
Data were categorized by measurement technique, all of which fell into
four groups: flux chamber, ground plume, aerial plume, and VRPM,
Three studies were based on ed(.ly covariance, integrated surface

itoring, and surface i i and were from
the analysis, given the small sample size.

Consistent with current modeling practice, landfill measurement
data were into daily, i i and final cover types.
Categorizations were made for each landfill based en information
regarding cover properties either already extracted from the published
study or reported to regulatory agencies, namely the US EPA. Landfills
measured using rechniques with smaller sample sizes (l.e. VRPM), were
assigned a cover type based on the area(s) of the landfill from which
emissions were measured (e.g. US EPA, 2011b). For those landfills
where the measurement approach covered more than one cover type at
the time measurements were made, a single cover type was assigned
based on the surface area (m”) of each cover type. Where data through
the GHGRP were not available for surface area of each cover type (e.g.
landfills in Europe), description offered in the corresponding study was
used to estimate pemenmge coverage by the different cover types. In
order to better effects of this p partic-
ularly in terms of the ml'l.uentt of daily cover, a comparison was made
between collection efficiency results for these landfills where daily cover
was also present at the time whole-plume measurements were made,
and those where daily cover was not present.

Each individual emissions estimate (or collection efficiency estimate)
expressed as a unique value in a study was likewise categorized as its
own data peint, consistent with the review by Earlaz (2012), which
informed the selection of collection defaults for the EPA’s LCA tools and
considered all coll efficiency esti for each landfill included,
as separate data points. A separate sensitivity analysiz was also per-
formed to determine the impact of this approach, by creating an average
data pom: for each landfill, instead of each emissi

the d the total gas ion is und 1 slightly.
Therefore, for a given ission, the caleulated collecti ef—
ficiency is biased high, 1g in an of

when the gas collectl fficl Is applied to a modeling

approach where a separate soil exidation factor is applied.

Each data point was categorized into various subsets based on cover
type, with the methodology used by the GHGRP deseribed
abeve, as well as annual precipitation, geographical region, measure-
ment technique, and a sample size range category. For annual precipi-
tation, landfills were grouped by ranges (<20in/y, 20-40 in/y, and > 40
in/y) consistent with the method employed by GHGRP, the MSW DST,
and WARM for selection of first crder decay rate constants (US EPA,
2009, 2020). Ultimately landfills were divided into ‘Dry’, ‘Average’, and
“Wet' groups for assessing the relationship berween annual precipitation
and measured collection efficiency. Motably, differing decay rate con-
stants were not collected or used and did not directly factor into this
analysis. The same method used to determine differing decay rate con-
stants by the above-mentioned models was merely used to categorize
landfills by annual precipitation.

Regional analysis was cenducted by separating landfills into three
groups: California, N. America — other, and Europe. These groups were
chosen to be broadly f the three most i systems
of landfill regulation within the sample of landfills included. While
California landfills are also covered under the federal New Source Per-
, the state has added significantly
greater requirements slound the commencement of collection, surface
menitoring, and eollection duration that have been theerized to resultin
greater collection efficiency (US EPA, 2020),

[+ ! llecti iencies were | using an
arithmetic mean for each of the 153 individual emission estimates, and,
as a senshivl.ly. each of lhe 97 I.m.‘h\rldu‘\l landfills, Other deseriptive
and sample sizes were also
caleulated for the entire dataset as well as various subsets. Additional

istical analyses were cl d o d ine whether diff

and soil oxidation data were used to

between cover types, measurement techniques, sample size of mea-

gas
caleulate collection efficiencies for each data peint, both for individual

and, as a analysis, each landfill. For the
sensitivity analysis, an average landfill collection efficiency was caleu-
lated by taking the average of each individual collection efficiency

, annual p and region, were statistically signifi-
cant. The Kolmogorov-Smirnov test was used to test for normal
distributions and homegeneity within each subset of the overall dataset,
The Kruskal-Wallis non-parametric test was then applied to determine
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of each Independent variable for collection efﬂckency
F"nally, a multiple linear Was p d to test signif
each predictor variable on estimated coll.ecuon !lﬁclencj'

2.1. Analysis of landfills with multiple cover types

Except in very limited cases, landfill whole-plume measurements
typically aggregate emissions from areas of the landfill surface with
different cover types in place (see SM-4-1 for the percentage breakdown
of each cover type for landfills d using whole-pl
ments). The approach to categorize landfills as a single cover type coukd
have potentially biased results, especially for intermediate and final
cover landfills where daily cover was also present at the time whole
plume measurements were made and therefore could have dispropor-
tionately contributed te the total flux measured from the landfll.

Te ascertain the impact of this simplification, a subset of 42 landfills
with data available for cover tj'pE hy area :lnd quantity of collected
methane from the GHGRP were were

Waste Managenent 175 (024) 82-01

= S 0% 107), and between intermediate and ﬁna] (H (1)
10%), both at 99 % confick intervals resp . For
results demonstrated throughout this section, the full list of referenced
sources for the entire dataset is provided in the Supplementary Material
(see SM-3).

Measurement technique alse had a statistically significant relation-
ship to resulting measured collection efficiency at a 99 % confidence
level, per results of a Kruskal-Wallis test (H (3) = 54, P < 0.001). The
different hniques have very different sample sizes,
which range from whele-site measurements that can capture emissions
from an entire landfill to micro-scale measurements that measure flux
from an area of less than 1 m* (see Table 2).

A statistically signifi lationship was found between sample size
of measurement and resulting collection efficiency at a 99 % confidence
level, per results of a Kruskal-Wallis test (H (3) = 48, P < 0.001) with
data grouped according to scales of measulement technqub& A homo-
geneous group was formed bety macle
from micro-scale (flux chamber) and macro-scale (VRPM) measure-

28, P-—l.?x

using the methodology of the GHGRP using the average cover-type
dependent default collection efficiency values from the complete data-
set developed through this analysis, in place of the GHGRP defaults. The

ments ling to results of a Kruskal-Wallis nonparametric test (H (1)
= -4.8, P = 1.0 x 10"). Collection effici values d from

made using techni with smaller sample sizes (e.g.
flux chambers) were higher, while they were lower for values caleulated

issions were P against the
from the underlying published studies, Microsoft Excel's Solver function
was then used to find adjusted cover-type dependent collection effi-

from made using whaole-pl methods. C effi-
clency estimates from whele site (aerial and ground plume) measure-
ments differed significantly with a 99 % confidence interval from both

clency defaults that both the total deviation be- le (H (1) = 54, P < 0.001) and macro-scale H (1) = 49, P <
rween the < emissions and the leulated modeled 0.001) based esti
for the data subset, as well as balance the over and underprediction I results d d variability of collection efficiency

compared with the measured values,
3, Results

Average collection efficiency by cover type of the entire dataset, for
which each individual collection efficiency estimate was treated as a
separate data point, were 40 % for daily cover, 60 % for intermediate,
and 74 % for final cover, all below current defaults of the GHGRP (see
Table 1). The default values applied through GHGRP are here used asa

The

estimates based on the measurement technique used, as well as cover
properties of a given landfill (see SM-3-2). Landfills were separated by
cover type using the method described in the above Materials and
Methods section.

Sensitivity analysis revealed no large effect to results from main-
taining individual data points from measurements made at the same
landfill relative to including only cne data point per landfill, in terms of
both average collection efficiency by cover type and standard deviation
within these subsets (see SM-5). These results could, however, be an

point of comparison due to their direct translation to US landfill emis- indication of in the and derived
sions estimates reported to the US EPA. collection efficiency estimates.

i used for q g landfill A statistically significant hip at a 99 % Jence level was
had a statistically significant impact on results, particularly for flux found berween annual preciy and i Efici

1). The exclusion of flux chamber
resulted in collection effi-

chamber measurements (su Fig.
(i

according to results of a Kruskal-Wallis non-parametric test (H (2) = 20,
P < 0.001). Landfills in dry climates had the highest average collection

ciency values of 40 % for daily cover, 55 % for i liate, and &4 %
for final cover.

Kolmogorov-Smirnov tests were used to rw for normal dlsmhnnons
within the dataset. All 1g to subsets

values for both i diate and final cover. Insufficient data
were available for daily cover in both dry and wet climates to make a
dlslmcl:lon betweeu the groups for this category. Similarly, a statistically

hip at a 99 % level was found between

independent variable categories, indudingc\:wtr type, were found to be
non-normally distributed. Therefore, a Kruskal-Wallis non-parametric
test was p d to test for si of cover type for collection
efficiency, which indi 1 a statistically signifi lationship at a 99
% confidence interval (H(2) = 12, P = 2.0x 107%). i

region and measured collection efficiency according to results of a
Kruskal-Wallis non-parametric test (H (2) = 27, P < 0.001), when
divided between landfills in California, N. America - other, and Europe.
California landfills had the highest collection efficiencies for both in-

was applied for multiple comparisons of Kruskal Wallis tests. Kruskal-
Wallis test results indi d no signifi cliffe berween daily
and i liate cover for collection effici (H(1)=-36,P= 16x
10"}, but significant differences between daily and final (H (1) = -64, P

Table 1

diate and final cover, followed by N. America — other, and then
Europe. Again, insufficient data were available for daily cover to make

any distinctions between these groups for that category of cover type.
A multiple linear regression was used to test significance of cover

Comparison: Results and Currently Applicd EPA GHGRP Default Values Including and Excluding Flux Chamber Data.

Cover Measmirements GHGRP Default Collection Efficiency
Inchuding Flux Chamber Data Excluding Fhux Chamber Data
u asth Percentile o 0 u 95th Percentile o n

Daily 0.4 % 60 % 217 % & 0.4 % G0 % 217 % B Bl %

Intermwediate 506 % BT % 215% 124 55.4% B0 % 21.2% 98 75

Fipal 4.2 % GRT W 19.9 9% e 614 % B25% 16.4% 14 a5 %
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80.0%

Collection Efficiency
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Aerial plume

Flux chamber

Ground plume VRPM (OTM-10)

Measurement Technique

ig- 1. Estimated Collection Efficiency by Measurement Technique and Cover Type Star indicates extreme value and hollow circle indicates outlier,

Table 2
Measurement Technique Scale and Sample Size.
Technique Scale Sample Size (m*) Measurements (n) Reference
Min. Max.
Acrial plame Whle site 59,606 =4 million 42 This analysis*
Ground plume Whale site 40,000 751,000 a3 This analysis”
VEPM Macro 11,500 40,000 13 US EPA 2012
Hux chamber Micro Nin =1 35 Hanson ot al., 2020

" Minimum and maximum sample size figures represent respective figures reported in studies making up the dataset collected and analyzed for this study. For the full

dataset including surface aren covered in each respec

type, measurement Iechmque s;lmple size, armunl precipitation, and
re,gl.an for predicti 1l The overall
was ignifi (BJ—U‘M F(5,147) = 24, P <
uwl) Micro-scale sample size (flux chnmbel meawremems} had the
greatest f impact on d fhici of those
predictor variables tested ([} = 25, P < 0.001). Other significant pre-
dietors included California for region (ff = 19, P < 0.001), daily cover (i
=19, P = 2.0 x 107, intermediate cover (f = -12, P = 2.0 x 10™), and
macro-scake measurements (i.e. VRPM, § = 20, P < 0.001).

3.1. Landfills with multiple cover types

study wsed, see SM-3.

Jata-derived rec Jed

emissions and modeled using
defaults. Adjusted defaults resulting from the analysis were 41 % for
dally cover, &% % for intermediate, and 71 % for final. The model
adjusted defaults were caleulated from the full dnmxer to minimize the
aggregate difference between modeled and as well
as balance over and lerprediction ¢ 1 1
emissions.

with

4. Discussion

Since the defaults for collection efficiency currently used under the
US EPA’s GHGRP were established in 2009, there has been an increased

To account for p ial bias i luced from ptions arcund level of paid to 1ly and landfills specifically, as
dx&mf}nng Jx.ndﬁlls as a single cover type, adjusted default i well as ity of new, more precise measurement technologies.
were developed to minimize overall deviation between the Together these developments have resulted in a significantly larger

GHGRP model and measuremm for a subset of 42 landfills for which dataset than was previousl: ilable. Furth there have been
the needed data on landfill area by cover type were avai from the igni in for landfills,

GHGRP (see Table 3).
Two landflls were excluded from the model as outliers, for [aJ.I.Ins
outside the 95th p ile for percent d between

Table 3
Landfill Gas Collection Efficiency Model Default Values Comparison.

culminating in the viability of serial plume measurements, taken from
alreraft using cavity ring-down spectrometers to measure low concen-
trations of methane quickly and accurately. Moreover, new methods

Collection Efficiency Defaulis — Daily  Intesmediate  Final  Avg Pereent Devistion from Measured  Overall Peroent Underprediction  Overall Percent Overprediction
EPA GHGRP 0% T5% 5%  -3B% B % 18%
Full Dataset A% 55% A% 2% 36 % 63%
Adjusted Defaults A% GO TI% 4% 50 % 50%
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invelving use of unmanned aerial vehicles (UAVs) and satellites to
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final cover Is very unlikely to be the predominate means of methane

and
developing quickly (Cusworth et al.,, 2019, Menster et al., 2019). These
new measurement approaches, as well as previously applied ground-
based methods, allow for the measurement of an entire landfill's
emissions.

While the advent of whale-landfill measurement is an important step

measure whole landfill emissi more 1y fficiently are

issions from a kandfill (Chen e al, 2022), Furthermore, the collection
efficiency data within a cover type also capture a significant variation in
system design, operation and maintenance that is not readily defined in
a medeling parameter.

A comparison of data from landfills for which multiple measurement
m:hmques have been applied is illustrative. Ecrjesson et al,, (2000)

forward in quantifying landfill emissions, it presents a with
regard to informing cover-type specific model defaults, since most
landfills have areas with different cover types in place. The presence of
daily cover areas at a landfill otherwise categorized as an “intermediate
cover” or “final cover” landfill may signi Iy affect overall

measurements and derivative collection efficiency estimates. As well, it

d of the landfill (Sweden) from
three days of flux chamber measurements In 1997 as 30-60 %. Using
plume measurements coupled with dispersion modeling in 1998 and
1999, Galle et al, (2001) estimated collection efficiency of the same
landfill to be 18 %. More recent results from California exhibit a similar
pattern where flux chamber measurements indicated higher collection

is possible that could differ significantly at night and theref

bias the results of corresponding measurements, as Duren et al also
indicated (2019). However, even when we adjust for different cover
types in a model optimized to reduce overall variation relative to actual
measurements, the resultant adjusted defaults remain significantly

below currently applied def:nlll:n thmugh the GHGRP (See Table 4).

efficiency than those ng from aerial plume measure-
ments (Hanson et al., 2020). This was true for five landfills included by
Hanson et al., (2020), where in comparison, collection efficiency esti-

de from flux chamber were on average 1.6 times
higher than those from aerial measurements.

There were 1l

in average 41 Coneh
efficiencies observed bemeen data collected with different measure-
ment techniques. Normally, this would be cause for significant alarm in The proper quantification of emissions Is eritical for ping and
asclentific study, as the e pproach should be ind 4 nd guiding appropriate policy mechanisms to help reduce GHG emissions.
of the value being the ! The growing focus on methane, including in the recent Global Methane
used for landill are not the same in- plegae underscores the need for better quantification of its sources,
formation, as there are signifi iated withboth the - jnciuging from the waste sector. Current modeling approaches for
(landfill) areas sslons and the landfill , including those used in the GHGRP and current LCA
applied. As described, rhe measurable area differs msmﬁmmly As models are ing actual (UNEP,
sample size relative to total landfill area increases from flux chambers to 2021). While data are preferred. deli
whole site methods, it not only becomes more likely that hotspots ate 4l remain imp given | of ent-based
captured, but the sample will also include source terms not covered by approaches.

flux chambers. These include the landfill working face, and the gas and

Revised default collection efficiency values for use both in inventory

leachate collection and management systems (Spokas er al, 2006, and lifecycle models can signifi Iy reduce the

Maonster et al., 2019). o ) duspamy between actual of landfill and mexdel
Static flux Chﬂmb!rs can lmP«'lﬂ the of across the aned on this review of all available data, average values for

soil column ion of i aver time flux chamber are 40% for

above the surface of the landfill. Lastly, flux chambers can only capture
advective flux if the placement of the chamber coincides with a pref
erential pathway and static flux chambers can obfuscate any measure-
ment of advective flux even if a preferential pathway is present. While
flux chamber may bias collection effici
estimates high, inclusion of terms noted by medmr.ls :aptnnng the entire
landfill plume may also bias I

low. Owverall, significant differences may be driven by the area being
measured, potentially more so than the ique itself.

daily cover, 55 % for intermediate cover, and &4 % for final cover. These
values were adjusted via medel application because many landfills
included had more than one cover type in place at the time whole-plume
measurements were made. Per these results, adjusted values of 41 % for
daily cover, 69 % for intermediate, and 71 % for final cover are rec-
ommended for use in reporting schemes.
Until such time as direct of landfill meth issi

beuumes commonplace, existing data support the basic conceptual un-

As a result, the pecifi found here
are no longer necessarily only capturing the efficacy of the cover ma-
terial. Rather, these defaults should be viewed as values to accurately
express a lumped parameter where the model does not provide for
separate source terms for hot-spots and gas collection equipment leaks,

| of existing modeling approaches, namely, the assumption
that eollection efficlency is dependent on cover type. While cover type is
but one of several independent variables shown to affect collection ef-
ficiency, a relationship between cover type and collection efficiency,
assumed present by the FOD Method and its various iterations globally,
was ludeed shown o be staﬂsttcallr significant.

A well installed geomembrane final cap will have a very low flux A hip was m found between mea-
through the cover (Spokas et al., 2006); however, di through a used and ; This does
Table 4
Comparison: Recommended and Adjusted Results against Model Default Collection Efficiency Values.
Caver. This Stady GHGRP MSW DST/WARM* AP42
Full Data Set Adpasted for Multiple Gover Types
Including Flux Chamber Data Excluding Mux Chamber data
Daily 40 % 40 % 41 % 60 % 50 % 5%
Intermediaste 60 % 55% 69 % 5% 75 %
Lot term N/a Hia Nia N/a BL5 %
Final % 61 % 71 % 95 % 0%

Sources: (LIS EPA, 2008a, 2008h, 2009, 201 La, 20 2021b, RTI, 2021).
* Values shown are applicd according 1o years since waste is placed in a landfill,
cover,

hased on assumed changes in landfill eperational practices including changes 1o
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net necessarily imply that any of the i d (l‘.u.li[funin‘xlmﬂlmlr: s;?)erulihm. Nature 575, 180-184, hitps://doi o/’
0.1038/511586-019. 1720 3,

herﬁ::e]n_ﬂfﬂlnreorﬁl::k;ﬂlu? In -.:onlrasr, it I.II‘N.‘O\'H'S“I muf‘m:tch in Egglescn, 1LS, latergavernmental Panl on Climate Minthonal Greenbomsse Gt

b ain from K which Chilkyis Kankyo Searyalu Kenkyd Kikan, 2006. 2006 1105

of meth through a s0il cap, and how we apply those gaidelines fnrwlnm] greenhouse gas inventories. hiips /www ipee nggip iges o,

data to landflling in practice, which represents a complex amalgam-
ation of diffusion through cover soils together with small scale point
sources such as cracks, surface imperfections, cap penetrations, and gas
and leachate collection systems; and significant variation in system
design, operations, and maintenance over time and between landfills,

Current models ignore the complexity of these individual source
terms in lieu of a blended collection efficiency by cover type. However,
we can substantially improve the alignment of our medels with actual
measurements by considering default cover-dependent collection effi-
ciencies more as lumped modeling parameters. These can, in their
aggregate, reasonably simulate the complex conglomeration of sources
present at modern landfills, at least until such point that more ubiqui-
tous measurement is possible.

Declaration of competing interest

The authors declare that they have no known peting fi dal

jppublic 2006g)/,

Galle, B., Samuelsson, J., Svensson, BH., Borjesson, G, 2001, Measurements of methane
emisdons from landfills wsing a time correlation tracer method based on FTIR
sbsorption spectrascopy. Environ. Sci. Technol. 35, 21-25. bitps://doiorg/ 10,1021,
e 1008,

Green, BB, Chanton, 1P, Hater, G.R., Goldsmith, €., Swan, N, 2011. Estimates of
methane emissions from western landfills using OTM-10.

Hanson, 1L, Yesiller, ., Manheim, DG, 2020. Methane, nitrous axide, and trace
volatile organic compound emissions and gas collection system efficiencies in
California Landfill. California Air Resources Board. laips: /o Zoarbcs g

ees/documents/Tandfill gas research,

Huitric, R., Kong, D, Maguin, 8., Sullivan, P, 2007. Field comparison of landfill gas
measwrements. Los Angeles County Sanitation Districts; SC5
fuww scsengineers.com/ses-white papers, field. comparison-of lan

- mensurements by-ry ntnm_ ng lisn.scal

11 of los-angeles-county-sas w

Inwmm Panel on Climate Change (IPCC), 2021, Marssmem Report 6. URL:
Tt/ vwewe iper chfreport St wgl £ # SPM.
is, J., Barlar, M. 2014, Landfill Gas Monte Carbo Model Documentation and Results.

fault/files, 201603 /docamentsTand]_gas mont carlo

modl .
MicKain, K., Down, A, Raciti, §.8., Budney, 1., Hugyea, 1R, Floerchinger, ©,
Herndon, 5.0, Nebrkorn, T., HML&‘.‘G M5, Jackson, 1B, Phillips, N-; Wﬁ‘ﬂ- 5& "

interests or personal ps that could have app dl to infl
the work reported in this paper.
Data availability

Data used has been included in Supplementary Material with cor-
responding references provided,

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.wasman. 2023.12.042,

References

Abvarez, RA, favals Araiza, D, Lyos, DR, Allen, D.T., Barkley, Z0, Brandt, AR,
Davis, K1, Heradon, S.C., Jacob, DL1, Karion, A, Kort, EA, Lamb, B.
Lauvaux, T., Maasakkers, J.1n, Marchese, A, Omara, M-.Neuh,sw. Pc-sdl..h
Robinson, A L, Shepson, P.B., Sweeney, €., Townsend Small, A, Wolsy, $.C,
Hamburg, P, 2018, Assesment of methane emissions from the US ol and gas

y chain. Science 361, 186-188. hups/ o/ 10,1126, /scien

Amind, H.I, Reinhart, DR, Niskanen, A., 2013, Comparison of firss. nrd«dmy
modeded and actusl field measured Mnlnpd solid waste Landfill methane data.
Waste Mannge. 33, 2720-2728, hitps://dol o/ 10.1016/5 wastan, 201507025,

Arcaica, §, Bananno, A, Piaza, V., L., Trapani, 8., 2009, Eimation of biogas
produced by the landfill of Palermo, applying a Gaussian model. Waste Manage. 29,
233-239. hunps://doi.org/10. 1016, wasnuan. 200802026,

Babilotte, A, 2011 Field comparison of methods for assessment of methane fugitive
enassions from landfills. Environ, Res. Educat. Foundation. hips /ereldn o /w
pcontent/uploads/2015/1 2/ FugitiveEmissions FinalReport,

Barlaz, M.A., 2012 Critical Analysis of Literatare on Landfill Gas Collection Efficiency.

Bérjesson, G., Danielson, A., Svensson, B.IL, 2000. Methane fuses from a swedish
landfill determined by geostatistical treatment of static chamber measurements.
Envirca. Sci. Technol. 34, 40444060, heips://doi.org 101021 /es991 350,

Califomia’s Department of Resources Recycling and Recovery (CalRecycle), 2012,
Calkecyche Review of Waste to-Energy and Avolded Landfill Methane lealans-
haps:// pw. | scounty. gov fepd ersiontechnology /downlosd /Cal Ry
w o WIE Avoided Emissions 07032012 pdf.

California Air Resources (CARE), 2009, ﬁiﬂ'l‘qml Initial Statement of Reasons
for the Proposed Regulation 1o Reduce Methane Emissions from Muicipal Solid
‘Waste Landfills, Appendix [x Evaluation of Landfill Gas Collection Eficiency. hiip:

fwevew A, o, gov, Tegact, 2009, Landfillson isce. pdf,

(lm:,. &, Kamchoom, V., Chen, &, 2022, Landfill gas emission through compacted clay
constdening effects of erack pathway and intensity, Waste Manage. 143, 215-222.
bt/ /b org/ 10,1016/} wasman, 2022 02,002,

Cusworth, DU, Jacob, D)., Varca, D)., Chan Miller, C, Liu, X, Chance, K, Thorpe, A
K, Duren, .M., Miller, C.E, Thompson, D.R., Frankenberg, C., Guanter, L.
Bandles, A, 2019, Potential of neat generation imaging spectrometers to detect
and quantify methane point sources from space. Atmes. Meas. Tech. 12, 56555668,
hatps//doi.org/ 10,5194 /amt. 1 2 5655. 2019,

Tharen, 1M, Thorpe, AK., Foster, K.T., Rtafiq, T., Hopkins, FM., Yadav, V., Bue, B.Dh,
Thompson, DR, (‘adey,s (alnmhvl MK, Frankenberg, C., MeCubbin, 1B,
Eastwood, ML, Falk, M., Hemer, 1.0, Croes, BE, Green, RO, Miller, CE, 2019,

2015, Methanse aid use in the
of Boston, Massschusetts. PNAS 112, 191-1946, hitps/ ol ong/ 1010737
P 1416261112,
Miller, S.M., Walsy, 5.C., Michalak, A M., Kont, EA., Andrews, AE, Biraud, $.C.,
v, EJ., Eluszkiewics, J., Fischer, M.L., Janssens Maenhout, G., Miller, B.
R., Miller, LB., Montzka, S.A., Nehrkom, T., Sweeney, ©, 2013 Anthropogenic
emdssons of methane in the l.l'lﬂkd States. PRAS 110, 2000820022 hiips
o/ 10.107: A143921 10
Maohsen, LA, 2019, Estimation of Greenbouse Gas Emissions in Munécipal Solid Waste
Landfills in Ontario Using Mathematical Models and Direet Measarements, s
s/ atrium.lib uoguelph. caendui irstream andle  T0214/1 76594 Mobsen_ il
am 201912 phd pdPsequence - SeisAllowed -y,
Menster, I, Kjeldsen, P, Scheutz, ., 2019, Methodalogies for measuring fugitive
methane emissions from landfills - A review. Waste Manag, 87, 835859, hitps./
doiorg 10,1016/} wasman. 2018.12.047,
Oank, H., 2010 Literatuse review: methane from landfills; methods to quantify
generation, oxddation, and emision. Sustsnable Landfill Foundation: NV Afvalzorg
htps/fwww.alfvalzorgal, ploads,/ 20]& 03/ Methane from |
anefill Methods 1o quantify genera
Peischl, .J,, Ryerson, T8, Briowde, 1., Aikin,
Daube, B.C., de Goaw, J.A., Diugokencky, £, Frost, G_J., Gentner, .., Gilman, LB,
Goldstein, A H., Harley, R.A., Holloway, 15, Kofler, J., Kuster, W.C., Lang, P.M.,
Novelli, P.C., Santord, G.W., Trainer, M., Wofsy, S.C., Parrish, DU, 2013,
Quantifying sourees of methane using light alkanes in the Los Angrles basin.
Californda. J. Geophys. Res: Atmos. 118, 49744990, hiips
jard 50413,
Mant, G, Kort, EA., Foerchinger, C, Gakharia, A., Vimoat, L, Sweeney, ., 2019, Large
fugitive methane emissions from urban centers aloag the 115, East Coast.
Res. Lett. 46, BS00-8507. hirps://deod org/ 1001029,/ 201 9WGLOA2635,
Research Triangle Institute (RT1), 2021, MSW DST v hrips/mewdst. i o mod
el v2/model vZhim.
Saunois, M., Stavert, AR, Poulter, B.,

, P, Canadell, J.G., Jackson, R.B.,

a.,-mm P.A., Dlugokencky, £, umudm;e_ p-.-.,px Ci-s,P Arora, V.,

Curry, CL., Etioge, G., Frankenberg, €., Gedoey, N., Hegglin, M1, Hoshmd
Isaksson, L, Hugelius, G, Ishizawa, M., Ito, A., Janssens.| MamthG Jensen, K.M.,
Joim, F., Kleinen, T, Knsmael, PB., Langenfelds, L, Larvelle, G.G., Lin, L.,
Machida, T., Maksyutov, 5., McDoaald, K.C., McHorton, J., Miller, P.A., Melton, 1R,
Moring, 1., Miiller, J., Murguin. Flores, F., Naik, V., Niwa, Y., Noce, 8., O'Doberty, 8.,
Parker, R1, Peng, ., Peng, 5, Peters, G.F, brigens, C., Prinn, B, Ramoaet, M.,
Regnier, P, Riley, W_I., Rosentreter, J A, Segers, A, Simpson, 1.1, Shi, 1., Smith, 5.
, Thornton, B.E., Tian, ., Tohfima, Y., Tubiello, F.N., Tsunita, A,
Viavy, N, vo\ugardus. A, Weber, TS, van Weele, M., van der Werf, G.R., Weiss, .
F., Worthy, D., Wunch, I, Yin, Y., Yoshida, Y., Zhang, W., Zhang, 2, #hao, Y.,
Zheng, B, Zha, G, Zha, G, Zhuang, G, 2020, The Global Methane Budget
2000-2017. Earth Syst. Sci. Data 12, 15611623, hutps//doi.org 10,5194 esd 12
561 2000,

Scharff, W, Jacobs, 1., COonk, 1, Hensen, A, 2005, Metheds to ascertain methane
emirion of Indfills. NV Afvalzoeg Holding. bitps: ./ lzoeg,nl,‘content,
uploads/ 201709, Paper- methods to-ascertain e ion. !

Spokas, KA., Bogner, J.E, Chanton, J.P., Morcet, M., Aran, C, Graff, C., Golvan, ¥.-M.
L., Hebe, 1., 2006. Methane mass balance at three landfill sites: what is the efficiency
of capture by gas colledtion systems? Waste Manage. 26, 516-525, litps://doi org
10,1016/ wasman. 2005.07.021.

Solid Waste Association of North America (SWANA), 2013, Practical Methods for
Measaring Landfill Methane Emissions and Cover $oil Crcidation.




101

R Glordame ef al.

Salid Waste Industry for Climate Soluticns (SWICS), 2007. Carrent MSW [ndustry
Puosition and State-of the Practice on LFG Colledion Eficiency, Methane Onxidation,
and Carbon Sequestration in Landfills.

Salid Waste Indusiry for Climate ), 2012 SWICS 2. e Orcidation
Addendum 2012, Addendum 1o SWICS (200%) Current MSW Industry Position and
State-of the Practice on LFG Collection Eficiency, Methane Oxidation and Casbon
Sequestration in Landfills, Version 2.2, hiops: www sesengineers com, s content

an SWICS White Paper Version 2.2 Final pdf.

Boesch,
W.T, Hase, F,, Kuze, A, Notholi, L, Oyama, H., Parker, R, Payne, V.1,
Sussisang, I, smmy.c. Velazen, VA, wafml«:. T, wbm'lmg 0, Wanch, D,
2015. Estimating global and North American methane emissions with high spatial
resolution wsing GOSAT satellite data. Atmes, Chem. Phys, 15, 70497069, Lips
doiorg/10.5194/scp- 15 704920
Turner, A., Jacob, [1.0,, Benmergai, J., Wofsy, S.C., Massakbers, 10, Butz, A,

Hasekamp, O, Biraud, 5.2, 2016, A large incremse in U.S. methane emissions aver
the past decade inferred from satellite data and surface chservations. Geophys. Res.
Lett. 43, 2218-2224. hatps://dol.org/10. 1002/ 201 6GLOGT 987,

0 port‘global methane asesmen

henefits mnd. costs mitigating methane emisions,

United States Environmental Protection Agency (US EPA), 2008,

Information Document for Updating AP42 Section 2.4 for Estimating Emissions from
Municipal Solid Waste Landfills. bonps: /o, epa.gov,mingchielapdEchio
2/drait dbozsnd, pdf,

United States Environmental Progection Agency (US EPA), 2008, AP-42, Compilation of
Air Pollutant Enission Factors, Chapter 2.4 Solid Waste Landfills, October 2008
Deafft, herps:/ v epa.gov,/sites /default il e 2uzn 10 docments, d02s0q_0.pdf,

United States Environmental Protection Agency (US EPA), 2009, Protection of

v Reporting of Gases; Subpart HH - Municipal
Solid Waste Landfills 74 Fed. Reg. 56374, (October 30, 2009), hitps:www,
foderalregiste et 0 10/ 30/E9 /mandatory-reposting-of-§
reenlvouse-gase:

United States Envircnmental Protection Agency (US EPA), 2011, Final Background
Information for Life Cycle lnventory Landfill Process Model.

o

Wiste Managenent 175 (2024) &3-01

United States Environmental Protection Agency (US EPA), 2011. Quantifying Methane
Abatement Efficiency at Three Municipal Solid Waste Landfills; Final Report. it
s/ /clpub.cpa.gov/5i/s public record repot.clin?Lab- NEMRL&dietn

71 (meeessed Augast 11, 2021).

s report 2013, pdf (acoessed Apeil 11, mz}
United sinu Environmental Pluladlnn Agency (US EPA), 2003, Protection of

Ui ed&-esmﬁmwnl mmwmmmw Protection of
‘Waste Landfills: 81 Fed.
ww. govintio. gov,/content,/pha/FR- 2016

Program Industrinl Prafile: Waste Sectar, htps. //wiw.epn.gov, sites/d
efnnltfles 2019 10 /documents waste industrial profile 9 30 20019.pdf (scoessed
August 8, 2021).

United States Environmental Protection Agency (US EPA), 2020, Documentation fos
Greenbsouse Gas Emission and Energy Factors Used in the Waste Reduction Model
(WARM): M Practices Chaplers. hitps//vww.epa.gov/sites defmll files
FA0H0-12/docaments wanm management practices v15 1029 2020.pdf (acoessed
Decemiber 20, 20211

United States Environmental Protection Agency (US EPA), 2021. Greenhouse Gas
Reporting Programe Facility Level Information on Greenhouse Gases Tool (FLIGHT).
herps/ ghgpedata.epa. gov ghgp main.do,

United States Envi Protection Agency (US EPA), 2025, Draft Inventory of 115,

Gas Emissions and Sinks: 1990 2021, Annex 314 Methodology for
stem, file

Estimating CH4 Emissions from Landfills. hii
sfdoouments; 2023.02/18.C
k- Categories Part-B.pdf (acoessed )
Weche, K1, Jacob, 0.0, Frankenberg, C, Jiang, £, Blake, DR, 2014, Mapping of North
American methane endssions with high spatial resolution by inversion of
SCIAMACHY satellite data, J. Geophys. Res.: Atmos, 119, 77417756, i/
org/ 10,1002/ 201410021551

fdoi.




102

Testimony for the Record to the Senate Committee on Environment

. GHGSAT and Public Works

Date: February 27, 2024

Statement for the Record before the
U.S. Senate Committee on Environment and Public Works:
Avoiding, Detecting, and Capturing Methane Emissions from Landfills

Introduction

GHGSat is pleased to submit this statement to the U.S. Senate Committee on Environment and
Public Works as part of the record for the hearing on January 31, 2024, titled “Avoiding, Detecting,
and Capturing Methane Emissions from Landfills.” GHGSat's existing and operational
commercial capability for monitoring of methane emissions, including from landfills, would be a
key element for monitoring that was described in the hearing.

Established in 2011, GHGSat operates an existing and operational constellation of satellites and
aircraft-based sensors that routinely perform facility-level greenhouse gas monitoring around the
world. GHGSat currently has 11 operational commercial satellites in orbit and four more are under
contract, Ten of the current GHGSat satellites are equipped with an advanced methane sensor with
a spatial resolution of less than 30 meters and a detection threshold of 100 kg/hr of methane (CHa),
and one of the recently launched satellites is equipped with a carbon dioxide (CO:) sensor with a
similar spatial resolution and a detection threshold of 100 tonnes’hr of CO2. With its current
number of operational satellites, the constellation-level revisit rate is 1-2 days which is expected
to be further reduced to daily revisit as more capacity is added. GHGSat is currently the only
commercial or government entity capable of high-resolution greenhouse gas measurements from
individual facilities such as landfills — a crucial aspect for attribution of emissions.

Emissions Monitoring

As an example of our methane emissions monitoring of landfills, GHGSat recently concluded a
demonstration project with the University of Rochester funded by the New York State Energy
Research and Development Authority (NYSERDA) to use its satellites to quantify methane
emissions from the five largest active landfills in New York over the course of a year to understand
how landfill emissions change over time (see Figure 1). Emission rates observed by the satellites
have been shown to be consistent with measurements made by airborne and ground-based sensors.
The Climate Leadership and Community Protection Act (CLCPA) of the state of New York was
signed into law in June 2019, making New York the first state to mandate greenhouse gas
reductions in legislation. Results from the University of Rochester / NYSERDA demonstration
project will soon be published in the scientific literature and are expected to assist the state of New
York in meeting its statutory requirements.
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Enhancement above background and flux estimation for Seneca Meadows Landfill.
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Enhancement above background and flux estimation for Modern Landfill.
Figure 1: Example Satellite Observations of Landfill Methane Emissions
[Reproduced with permission from Dr. Lee Murray (University of Rochester))

GHGSat’s capabilities for monitoring methane emissions extend well beyond landfills. Figure 2
shows an observation made on June 15, 2022, by the GHGSat-C3 (Luca) satellite of livestock
methane emissions from enteric fermentation at an agricultural feedlot in California. The emission
rate was 698 kg/hr, which if sustained for a year would result in 5,300 metric tons of gas being
released — enough to power more than 16,000 homes. California’s 1.4-million cows are the biggest
source of dairy-related methane in the United States. In 2017, state rules came into effect targeting
a 40% reduction in levels of methane and fluorinated gases in the atmosphere by 2030 compared
with 2013 values. Agriculture remains a major source of methane, with beef production
responsible for 3.7% of all emissions. Globally, the world’s 1.4-billion cows each burping up to
500 liters of methane per day.

February 27, 2024 Page 2
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Observation ID: DZp2xFy
Satellive: Luca (GHGSat-C3)
Facility Type: Agricultural Feed Lot
Location: Near Bakersfield. CA
Trigger Time (UTC} 2022-06-15 2122435
Source Rate: 698 kgfhr

Plume Assessment: YES

Figure 2: GHGSat observation of agricultural methane emissions in California

GHGSat monitoring of emissions also includes a wide range of oil and gas facilities. Figure 3
shows an onshore greenhouse gas observation made on September 24, 2022, by the of methane
emissions from an oil and gas facility northeast of Carlsbad, New Mexico. The measured emission
rate was 190 kg/hr.

Satellite CH. Measurement
Qil & Gas - USA

O e T EH
o
ENHANCEMENT ABOVE BACKGROUND (ppb)

Figure 3: Example of GHGSat methane concentration map of an oil and gas facility in New Mexico

The accuracy of the satellite-based measurements has been independently validated on several
occasions. For example, in October 2020 GHGSat performed a blind controlled release with

February 27, 2024 Page 3
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TotalEnergies of France to validate the performance of GHGSat’s first commercial satellite less
than two weeks after its launch. Analysis of the data collected identified the precise location of the
methane release and the satellite rate estimate of 250+140 kg/hr proved to be very close to the
ground truth release rate of 234 kg/hr. More recently, a paper led by researchers at Stanford
University reported on the single-blind validation of a GHGSat satellite achieving quantification
accuracy of better than £20% for each methane plume that was observed as part of the study
[Sherwin et al., Nature Sci Rep 13, 3836 (2023)]. Another recent paper addressed the cost-
effectiveness and efficacy of a tiered monitoring approach using GHGSat’s satellite constellation
and aircraft-based instruments [Esparza et al.. RSER 178, 113265 (2023))].

In addition to observations of onshore facilities as shown above, GHGSat also has an operational
capability to observe greenhouse gas emissions from offshore oil and gas facilities. Observing
emissions over water is more challenging than over land because the surface of the ocean reflect
poorly in the shortwave infrared, requiring satellites to perform offshore measurements at larger
viewing angles and target the “glint spot” where the Sun reflects most strongly off the surface.

MARINE METHANE DETECTION REPORT
Image Date/Time: 211812023 19:24 (UTC)
Data Source: GHGSat-C4 (Penny)
Resolution: 30m

28 | Point Source: 29°34"15"N | 89°30'85"W
Source Rate: 1,116 £ 700 kg'hr
Wind Speed: 336 mls
Remarks: Column averaged CH,

concentration in excess of
() mapbex . GHGS AT local background.
8 C2023 GHGSa Inc_|

Figure 4: GHGSat observation of methane emissions in the Gulf of Mexico

Since May 2023, GHGSat has been working with the Satellite Analysis Branch (SAB) of NOAA
to provide observations of methane emissions from offshore facilities in U.S. territorial waters.
These observations are provided through SAB’s participation in the scientific evaluation of
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GHGSat’s methane data under the NASA Commercial Smallsat Data Acquisition (CSDA)
program as well as a parallel direct contract with SAB. Prototype reporting products will be
developed by SAB from these observations, which will be assessed for potential ongoing
operational utilization by NOAA, the Bureau of Safety and Environmental Enforcement (BSEE),
and the Bureau of Ocean Energy Management (BOEM) in accordance with a formal user request
from BSEE to NOAA. Figure 4 shows an observation made on February 18, 2023, by a GHGSat
satellite of methane emissions from a platform off the coast of Louisiana, formatted as a
hypothetical marine methane detection reporting product.

GHGSat has also demonstrated this capability of monitoring methane emissions from offshore
platforms in September 2022 by monitoring the Nord Stream 2 pipeline leak in the Baltic Sea (see
Figure 5), tasking its satellites to make 35 observations of the incident over the course of three
days.
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Figure 5: GHGSat observation of the Nord Stream 2 pipeline leak in September 2022
National Plan for Earth Observations

GHGSat recently submitted comments to the Draft National Plan for Earth Observations
(“National Plan™), in which we noted that Objective 1.1 includes a focus on observations of
greenhouse gas emissions, with the goal of reducing U.S. greenhouse gas emissions by 50-52%
from 2005 levels by 2030 and reaching net-zero emissions by 2050. To achieve this goal, the U.S.
cannot afford to spend years planning and demonstrating an observational system that could then
take even more years to implement. According to the Sixth Assessment Report (AR6) of the U.N.
Intergovernmental Panel on Climate Change (IPCC) that was released in August 2021, “All global
modelled pathways that limit warming to 1.5°C...involve rapid and deep and, in most cases,
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immediate greenhouse gas emissions reductions in all sectors... There is a rapidly closing window
of opportunity to secure a livable and sustainable future for all... The urgency of the climate crisis
demands that where operational and validated capabilities already exist, the Federal government
should forgo demonstrations and proceed directly to operational utilization.” [emphasis added]

The National Plan also notes the importance of the Earth Observations Enterprise providing the
needed spatial and temporal resolutions, as well as reduced data latency, in order to improve
sustained monitoring and observational density. GHGSat has been providing facility-scale satellite
methane emissions infrastructure monitoring services on an operational commercial basis since
2020, and the growing satellite constellation provides the resolution and latency that the National
Plan requires,

As noted earlier, GHGSat recently launched the first orbital sensor able to pinpoint carbon dioxide
(CO2) emissions from individual industrial facilities such as cement or power plants. This sensor
is the precursor to a new generation of space instruments that will build on GHGSat’s extensive
experience with methane emissions to provide frequent, accurate and independent high-resolution
CO; data from individual sites. For the first time, operators of steel mills, power plants and
petrochemical complexes will have access to independent, accurate and globally standardized
emissions monitoring and data. Although many will have Continuous Emissions Monitoring
Systems (CEMS) in place, independent verification can help them optimize day-to-day operations
to reduce emissions. It will also improve the quality of Environmental Social and Governance
reporting.

Non-U.S. Commercial Earth Observation Systems

The National Plan addresses U.S. government, international, and commercial systems, but does
not specifically address international (non-U.S.) commercial systems. Non-U.S. commercial Earth
Observation systems from trusted Five Eyes (FVEY) allies must be equally considered and
integrated alongside U.S. commercial systems in order to meet the National Plan’s requirements
for “a defensible and resilient digital ecosystem” and to “improve national security by reducing
risks of supply chain disruptions caused by conflict.” Non-U.S. commercial remote sensing
systems can fill gaps in domestic capabilities in a complementary manner, enabling novel
capabilities and strengthening operational resilience in a manner that would not otherwise be
possible with domestic government and commercial systems alone.

As an example, there are currently no U.S. systems with operational capabilities, products,
services, and temporal and geographical coverage that are comparable to GHGSat’s unique
capabilities for global high-resolution greenhouse gas quantification from space. Even when
comparable U.S. commercial capabilities become available in a few years, having access to data
and analytics from both domestic commercial systems and trusted foreign commercial systems
effectively creates a larger proliferated constellation that increases coverage and revisit frequency
while also being more robust against disruption or degradation by adversaries.
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Such an approach is consistent with the Administration’s Space Priorities Framework which states
that “as part of bolstering space mission assurance, the United States will leverage new commercial
space capabilities and services to meet national security requirements and will deepen the
integration of U.S. national security space capabilities and activities with those of our allies and
partners” [emphasis added] 1t is also consistent with the earlier Commercial Remote Sensing
Space Policy which states that “foreign commercial remote sensing space capabilities...may be
integrated in United States Government imagery and geospatial architectures, consistent with
national security and foreign policy objectives.”

Initiative B in the National Plan (Equitable Access and Ethical Use of Earth Observations Data)
includes a focus on the democratization of data access, as well as expanding commercial data
access. This would be best served by an even greater emphasis on the use of existing and
operational commercial capabilities. In many cases, the private sector has capabilities that are well
ahead of government, hence the importance for the government to look at partnerships with the
private sector and not reinvent the wheel.

A crucial element of partnership with the private sector that is absent from both the National Plan
and the National Strategy to Advance an Integrated U.S. Greenhouse Gas Measuring, Monitoring,
and Information System (GHGMMIS) is that of anchor tenancy or guaranteed government
business. This would be instrumental to commercial stability by providing predictable revenue,
validating operational systems, and reducing future uncertainty. Anchor tenancy is a particularly
important approach to encouraging the private sector both to maintain existing capabilities and to
invest in new capabilities. To maximize the effectiveness of the GHGMMIS strategy, the Federal
gover should consider procuring all the greenhouse gas data obtained by cial
satellites, aircraft and mobile monitoring platforms, and then making that data transparently
available to all relevant stakeholders in government, industry and academia, thereby
accelerating implementation while mitigating risk and reducing compliance cost.

Conclusion

GHGSat greatly appreciates the opportunity to submit this statement for the record to the U.S.
Senate Committee on Environment and Public Works and would welcome an opportunity for
further discussions on how our monitoring capabilities would further U.S. Government goals
related to greenhouse gas emissions.

Point of Contact
Johannes Loschnigg

Senior Technical Advisor, U.S. Government Sales

info(@ghgsat.com

February 27, 2024 Page 7



		Superintendent of Documents
	2025-09-22T12:55:17-0400
	Government Publishing Office, Washington, DC 20401
	U.S. Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




