Methane Sources & Solutions

“So typically methane emissions are categorized as anthropogenic
and natural. And the anthropogenic means that it's human derived
and natural is kind of this implication that it's from wetlands or lakes
or those types of sources. But the reality is that humans are
changing the earth system so much, even the natural sources have
been augmented.”

Prof. Desiree Plata, MIT Department of Civil and Environmental Engineering
TiLclimate podcast: How tackling methane cools the planet fast

Sources of Methane

One of the biggest challenges for tracking and reducing methane emissions is that
methane sources are all around us. Most carbon dioxide emissions come from relatively
obvious places such as vehicles and electric power plants.! Methane, on the other hand, is
emitted from a mixture of natural sources such as waterways and wetlands and human-
generated sources such as livestock, fossil fuel processing, and landfills.2

These sources are so varied and spread out that they are difficult to track. The United
Nations Environment Programme provides some estimates of the amount of methane
emitted by various sources, based on combined data from multiple studies and models.

“Top-down” methods use satellites or other technologies to measure how much
methane is in the atmosphere and estimate where that methane came from.

“Bottom-up” methods use data from specific parts of a sector (for example, all
j power plants in a certain region) and estimate global data from that number.

Consider

What are some pros and cons to “top-down” vs “bottom-up” measurements?

1 USEPA, Sources of Greenhouse Gas Emissions https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

2 United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of
Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf

Images from The Noun Project by Adriansyah and Vector Portal
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https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf

Methane Sources & Solutions

The Big Three

In pairs or small groups, you are going to read about sources and solutions for one of the
top three anthropogenic (human-caused) sources of methane. As Prof. Plata says in the
podcast episode, many of the “natural” sources of methane are also affected by human
activity and human-caused climate change, but today we will focus on the sources that
come directly from human actions.

Before You Begin
Take a moment to think about the questions you have about methane.

What do you already know, and what would you like to find out?

Incomplete Data

Because methane has historically been so hard to track, the numbers on the following
pages are not necessarily complete or exactly accurate. They represent the best estimates
from a wide range of studies and data sources.

Consider
What tools would scientists need to get better measurements?

What information do decision-makers need to make better policies?
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Methane Sources & Solutions

Sources of Methane

The United Nations Environment Programme provides some estimates of the amount of
methane emitted by various sources, based on combined data from multiple studies and
models. They report the best estimate, as well as the minimum and maximum found in any
study. Everything is reported in MT/YR or Metric Tons of Methane per Year.

Estimated Sources of Methane, 2000-2006
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Observe

What do you notice about these sources? Which sources are a surprise?

Analyze

Look at the maximum and minimum for each source. Which sources have the largest
ranges? Why do you think this might be?

Extend

What questions do you have? What tools or information would be needed to answer them?

Read More

On the following pages, each group in your class will tackle one of the three largest sources
of anthropogenic (human-caused) methane emissions: livestock & agriculture, fossil fuels,
and landfills & waste.

United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of
Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf
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Methane Sources & Solutions: Agriculture

A Closer Look: Livestock

Animal Population
cATILE Cattle 1.5 billion
(cows)
BUFFALO
Water s
buffaloes 204 million
SHEEP
Sheep 1.3 billion
GOATS CH4 Enteric fermentation
(digestion by animals) Goats 1.1 billion
PIGS i HX& Manure management Pigs 975 million
CHICKEN Chickens 25.8 million
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Methane emissions (million metric tons per year)

As animals, especially ruminants (cows, sheep, etc.) digest the plant matter that they eat,
large amounts of methane are produced through enteric fermentation.

The management of animal waste (manure) also produces methane emissions, as the
manure is broken down by bacteria.

Observe
What do you notice about the data? What surprises or interests you?

Analyze

Compare annual methane emissions to the world population for each group of animals.
What do you notice?

Extend
What questions do you have? What tools or information would be needed to answer them?

Share
What is one takeaway you have from this information?

United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of
Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf

Image from The Noun Project by Chatchai Pripimuk

Animal world populations as of 2021, from Food and Agriculture Organization of the United Nations https://www.fao.org/faostat/

= ENVIRONMENTAL
: SOLUTIONS
INITIATIVE




Methane Sources & Solutions: Agriculture

Emissions Control Measures: Agriculture

The Global Methane Assessment lists the following measures that can be taken to reduce
methane emissions from agriculture:

Ruminants Manure Management
* Feed changes and supplements. » Treat manure in biogas digesters,
« Breeding animals to improve capturing methane.
productivity. * Reduce storage time of manure,
and increase covering of stored
manure.
Rice Cultivation Agricultural Burning
* Improve water management. + Ban burning of agricultural
« Change seeding and fertilizer waste.
processes. + Enforce existing burn bans.

Observe

What do you notice about these actions? How would you characterize or describe them?

Analyze

Based on what you learned about how much methane each of these activities produce,
which solutions do you think decision makers should focus on?

Extend

What questions do you have? What tools or information would be needed to answer them?

Share
What is one takeaway you have from this information?
United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of

Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf
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Methane Sources & Solutions: Fossil Fuels

A Closer Look: Oil and Gas Sector

All parts of the oil and

ONSHORE

gas sector have the CONVENTIONAL GAS
potential to release ONSHORE _
methane, either as part convERTIoNALO
of natural gas extraction OFFSHORE OIL
or as a byproduct of oil
extraction. Each activity OFFSHORE GAS
and process creates
different opportunities DOWNSTREAM GAS
for methane to be UNCONVENTIONAL INCOMPLETE FLARE
released to the cas
atmosphere. W o
DOWNSTREAM OIL
Definitions for all terms e
are on the next page. grconvENTorL .
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Methane emissions (million metric tons per year)

Observe

What do you notice about the data? What surprises or interests you?

Analyze

Each of these categories of fuel are produced and used at different rates. How would you
compare which ones release the most methane per unit used/produced?

Extend

What questions do you have? What tools or information would be needed to answer them?

Share

What is one takeaway you have from this information?

United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of
Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf
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Methane Sources & Solutions: Fossil Fuels

Oil and Gas Sector Definitions & Sources

Term Definition

Natural gas that is drilled out of reservoirs underground on

Onshore conventional gas : )
land, using wells or drills.

Crude oil that is pumped out of the ground on land, using

Onshore conventional oil standard equipment such as drills, pipes, etc.

Crude oil that is pumped out of the ground under the ocean,

Offshore oil using standard equipment such as drills, rigs, etc.

Natural gas that is drilled out of reservoirs under the ocean,

Offshore gas using wells or drills.

Natural gas that is moved and used through above-ground
Downstream gas pipelines, underground pipes, processing stations, and
individual homes and businesses.

Natural gas that is drilled out of reservoirs using hydraulic

Unconventional gas fracturing (“fracking”) and/or horizontal drilling.

Crude and processed oil that is moved and used through
Downstream oil above-ground pipelines, underground pipes, processing
stations, and individual homes and businesses.

Crude oil that is brought out of the ground using non-
Unconventional oil standard equipment. This may include oil sands (“tar sands”),
drilling horizontally, and hydraulic fracturing (“fracking”).

Inefficient burning or “flare” of natural gas produced as a

Incomplete flare byproduct of oil extraction or processing.

Direct, intentional release of methane from the ground, a

Vented oo . "
pipeline, a processing facility, etc.

Unintentional leaks of methane along all parts of natural gas

Fugitive infrastructure, from pipes, valves, equipment, etc.
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Methane Sources & Solutions: Fossil Fuels

Emissions Control Measures: Fossil Fuels

The Global Methane Assessment lists the following measures that can be taken to reduce
methane emissions from fossil fuel extraction, processing, and use:

Oil & Gas Extraction & Processing Oil & Gas Use

Leak detection and repair (LDAR). Replace gas pumps a.nd :
pneumatic devices with electric

Recovery and use of vented gas. or air-powered systems.

More efficient flares. + Replace gasoline and diesel
engines with electric motors.

Cap unused wells.
* Replace and repair compressor
parts.

Coal Mining

« Pump gas out before coal
mining.

« Improve ventilation in coal
mining operations.

+ Flood abandoned coal mines.

Observe
What do you notice about these actions? How would you characterize or describe them?

Analyze

Based on what you learned about how much methane each of these activities produce,
which solutions do you think decision makers should focus on?

Extend
What questions do you have? What tools or information would be needed to answer them?

Share
What is one takeaway you have from this information?

United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of
Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf

Images from The Noun Project by Chintuza and Nick Bluth
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Methane Sources & Solutions: Waste

A Closer Look: Solid Waste & Landfills

As solid waste (garbage) breaks down in
a landfill, it goes through a series of
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and releasing carbon dioxide.
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Phase Il: Anaerobic (no oxygen used)
bacteria break wastes down further,
increasing acidity and releasing carbon
dioxide and hydrogen.
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Phase Ill: Methanogenic (methane-
making) bacteria begin to consume the
acids and some of the carbon dioxide,
releasing methane.

Phase IV: Stable phase may last for 20-50
years, releasing about equal amounts
carbon dioxide and methane.

2-5%

Time After Placement

Observe

What do you notice about this graph? What surprises or interests you?

Analyze

The time needed for each of these phases depends on many factors, including how tightly-
packed the waste is, how much organic waste (food waste, plant matter, etc) is present,
how much moisture is available, and many more. How and why might this information
change how a landfill manages waste?

Extend

What questions do you have? What tools or information would be needed to answer them?

Share

What is one takeaway you have from this information?

Figure from US EPA, Basic Information about Landfill Gas. https://www.epa.gov/Imop/basic-information-about-landfill-gas
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Methane Sources & Solutions: Waste

Emissions Control Measures: Waste

The Global Methane Assessment lists the following measures that can be taken to reduce
methane emissions from waste management:

=]
7o Solid Waste l@ Wastewater & Sewers
S
« Seéparate and recycle/reuse « Upgrade systems to allow for
usable materials. biogas recovery and use
« No landfilling of organic waste. « Wastewater treatment plants
+ Collect and use or flare landfill instead of latrines
gas.
Observe

What do you notice about these actions? How would you characterize or describe them?

Analyze

Based on what you learned about how much methane each of these activities produce,
which solutions do you think decision makers should focus on?

Extend

What questions do you have? What tools or information would be needed to answer them?

Share

What is one takeaway you have from this information?

United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of
Mitigating Methane Emissions. Nairobi: United Nations Environment Programme.
https://www.ccacoalition.org/sites/default/files/resources/2021_Global-Methane_Assessment_full_0.pdf

Images from The Noun Project by rendicon and Creative Mania
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Methane & Solutions: Sources

Bring It All Together

Each group in your class has been reading about a different source of anthropogenic
(human-caused) methane. Within your group, decide on the following takeaways to share:

1. What is the largest single source of methane in your category?
2. Which solutions do you think decision makers should focus on?

3. What questions still need to be answered? Do we need new and better tools or
data to answer these questions?

Remix & Share

Remix groups such that each new group has at least one “expert” from the three major
topic areas.

In these new groups, share takeaways. Then, discuss:

*  Why is methane such a challenge to measure?
«  Why is it important that we measure methane?

«  Where should decision-makers focus to reduce the most methane? (Do you think
the answer here is the same everywhere in the world?)

« Do scientists have all the tools we need to answer the questions we have?

« What other tools, data, or information do decision-makers need to dramatically
reduce methane in the next few decades?

» What questions do you still have?
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Methane: Fugitive Emissions

“Dealing with methane emissions is an enormous challenge. [skip]
It's hard to find methane. It's hard to fix leaks. It's hard to abate
methane from dilute sources like wetlands and dairy cows and
things of that nature. But that doesn't mean it's not worthwhile.
Methane is uniquely positioned to change the rate of climate forcing
in our lifetimes.”

Prof. Desiree Plata, MIT Department of Civil and Environmental Engineering
TiLclimate podcast: How tackling methane cools the planet fast

Where is Methane Leaking?

“Fugitive emissions” are releases of methane before the fuel is even used. Fugitive
emissions can occur at every point in the process of extracting methane from the ground
or other source, processing it, moving it from place to place, and using it. This poses a huge
challenge to scientists studying methane emissions. Large venting plumes from natural gas
processing facilities can be measured from existing satellite data. However, smaller leaks
from compressor facilities, long-distance pipelines, and the individual pipes bringing
natural gas into homes and businesses are much harder to measure.

Fugitive emissions are adding to the amount of heat-trapping methane in the atmosphere.
They can also have health impacts on the people and environments where they occur.

Groups of scientists and policy-makers are working together to answer two big questions:
* How can we ask the questions we need to ask with the tools we have?

* What tools do we need to develop?

Measurement: Big Picture and On-the-Ground

On the following pages are two different stories about two attempts to measure and map
methane emissions. Both stories feature some of the same questions and challenges, as
well as some major differences.
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Methane: Fugitive Emissions

Methane Emissions from Oil, Gas, and Coal Exploitation (Mg/year/km?)
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Methane From Fossil Fuel Extraction, Processing, and Movement

The process to get oil, natural gas, and coal out of the ground and into homes and
businesses for use has many steps. AlImost all these steps include opportunities for
methane to escape. A group at NASA used data from the United Nations to attempt to map
the places in the world with the largest amounts of fugitive methane emissions from fossil
fuel extraction, processing, and movement.

1. Read the article “Mapping Methane Emissions from Fossil Fuel Exploitation from
the NASA Earth Observatory” at https://climate.mit.edu/ed/NASAmethane '

2. Asyou read, consider the following questions:

+ Where did the scientists get the data for this mapping project?
* Do all countries report their methane emissions in the same way?

» What kinds of structures or places are potential sources of fugitive methane
emissions?

+ What are some of the challenges the scientists faced with finding and using the
reported data?

+ How did the estimates based on reporting compare with the data from satellites?

3. Discuss the article with a partner or small group. Make sure everyone in the group
understands the challenges and successes of this scientific effort. Then, discuss:

+ Is this kind of mapping project important to reducing methane emissions? Why
or why not?

» How could this mapping project be made more accurate?

» What other questions do you have about fugitive methane emissions?

1 https://earthobservatory.nasa.gov/images/149374/mapping-methane-emissions-from-fossil-fuel-exploitation
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Methane: Fugitive Emissions
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Methane Leaks in Cities

Natural gas, which is mostly methane, is pumped through pipes under and around cities
and towns all over the US. Many businesses and houses use natural gas for heat, hot water,
and cooking. As it is moved around, unburned methane may escape from pipes,
compressor stations, and appliances. Mapping these leaks is challenging, as the amounts
from any one leak are small, but they can add up.

1. Read the article “Local leaks impact global climate” at
https://www.edf.org/climate/methanemaps

2. Asyou read, consider the following questions:

* Where did the scientists get the data for this mapping project?

« What kinds of structures or places are potential sources of fugitive methane
emissions?

+ What factors affect how many leaks a city is likely to have?

« What are some solutions that EDF offers? (check the links under “Explore this
project”)

3. Discuss the article with a partner or small group. Make sure everyone in the group
understands the challenges and successes of this scientific effort. Then, discuss:

* Is this kind of mapping project important to reducing methane emissions? Why
or why not?

* How could this mapping project be made more accurate?

» What other questions do you have about fugitive methane emissions?
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