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Global Methane Initiative

. Estimated Global Methane
Oil & Gas Sector Emissions from Human
Methane emissions from oil and natural gas systems Activities in 2030'
result from both normal operations and system
disruptions. These emissions can be cost-effectively
reduced by upgrading technologies or equipment, and
by improving operations. Oil & Gas Operations: 20.3%

GMI Targeted Sectors (50.3%)

Biogas Sector

Biogas produced from the anaerobic digestion of organic Municipal Solid Waste: 9.7%
material or emitted directly from landfills can be treated
to create pipeline-quality natural gas, used as a cooking Wastewater: 6.1%

fuel, used to generate electricity, and captured on-site to Manure Management: 3.8%
provide heat and power. o
. Coal Mining: 10.4%

Coal Mines Sector Other Sources (49.7%)
Removing fugitive methane gas from underground Others: 1.5%

: ; i : gl Biomass: 2.2%
coal mines and using it in profitable and practical ways Industrial Sources: 4.0%

can improve worker safety, enhance mine productivity, Stationary & Mobile Sources: 4.4%

increase revenues, and reduce greenhouse gas Rice Cultivation: 7.0%
emissions. Enteric Fermentation: 30.6% |
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' U.S. Environmental Protection Agency, Global Non-CO, Greenhouse Gas Emission Projections & Mitigation Potential: 2075-2050.




Meeting the Near-Impossible
Challenge of Methane Reduction
(2050 vs. 2010)

Combination of

Challenges approaches needed

1. Increased sustainable
intensification™**

2. Decreased
methanogenesis

3. Reduged demmnaa)

- Moderate consumption

25% less enteric CH,

Food production
(meat and milk for

expanding population) Vegan?

- unintended consequences?




= Led by U.S. andF. .

= 150 participants

= Reduce methane by 30% from 2020 by
2030 — 0.2°C

= Focus is on energy sector now

= Increasing pressure on global agriculture:
31% from livestock (enteric & manure), 7%
rice (=38%)

Why focus on CH; and not CO, and N,0O7?

https://www.globalmethanepledge.org



Stock . .
GaS_ _ Stock gases will accumulate
Carbon dioxide . . . over time, because they stay

. =Piilse 61 €0 (COy) . . . . in the environment.

Atmospheric

Concentration . . . . . * 65-80% of CO, dissolves into

the ocean after 20-200 years,

Vearl  Yew2 Yeard Yeard YewS the rest takes 100s-1000s
Time years to remove.
Flow
B =ruise of CH4 Gas :
Methane (CH,) Flow gases will stay stagnant,

as they are destroyed at the
AMmosghenc | . . . . . same rate of emission.
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* Methane is removed from the
atmosphere by a chemical
reaction, persisting for about
12 years.

Time

Based on research by Myles R. Allen, Keith
P. Shine, Jan S. Fuglestved, Richard J.
Millar, Michelle Cain, David J. Frame &
2 ) UCDAVIS Adrian Macey.
-~ CLEAR Center

Graphic from Frank Mitloehner, UC-Davis



Benefits from CH, mitigation

High CH, emissions

Reduced animal

products
£
’ Warming
More feed ggﬂj
Destroyed
ozone
Crop losses

it

CH, mitigation

—

Low CH, emissions

(30% reduction)

Enhanced animal
products

(112.5g meat or 0.9 milk CH,

per head per day)

.

Cooling
(Iower_O_.U4 °C)

S

Less feed
consumption

Intact ozone
(40k less death/y)

Crop thriving
(4Mt/y)
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Considerations for a
successful CH, mitigation

strateqgy
Efficacy
Cost
Regulatory approval
Adoption

Consumer acceptance
Longevity — consistency
Compatible with production system



Strategies for CH, mitigation

Problotlcs

Feed carbohydrates

Glucose 2. Methanogen inhibitors 4. Increasing productivity
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3. Alternative H, sinks

Defaunating
agents
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Methanogens (13) isolated from the
+

Organism Morphology Substrate Reference
Methanosarcina sp.
Methanosarcina barkeri Irregular cocci large clusters,  H,/methanol Beijer (1952)
immobile, HPS + PR methylamines/ acetate
Methanosarcina mazei  Cocci, immobile, HPS Methanol Mah (1980)
methylamines/ acetate
Methanobacterium Long rods and filaments, H,/formate Opperman et al. (1957)
formicicum immobile, PS
Methanobacterium bryantii PS H,/formate Joblin et al. (2005)
Methanobrevibacter Short rods, requires CoM, PS, H./formate Smith and Hungate
ruminantium variably motility (1958)
Methanomicrobium mobile Short curved rods, motile, PR H,/formate/ acetate Paynter and Hungate
(1968)
Methanobrevibacter sp. Short rods, synthesizes CoM, H./formate Lovley et al. (1984)
PS
Methanobrevibacter Rae et al. (2007)
millerae
Methanobrevibacter Rae et al. (2007)
olleyae
Methanoculleus olentangyi* H.,/formate/ acetate Joblin et al. (2005)
*Cultured from cervid rumen
Abbreviations: CoM, Coenzyme M; PC, pseudomurein; HPS, heteropolysaccharide; PR, protein




Ecology / Spatial distribution

Microbial
Ecology =~
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Quantative real-time PCR analysis of total methanogens

(mean £SD) in samples from different rumen locations

Fraction Liquid Solid Epithelium
Total 8.44 +0.502 9.26+0.33> 9.95+0.19¢
methanogens

Counts are expressed as log 10 (16S rNA gene copies per gram of wet weight),
n=4

Pei et al., 2010
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Embley et al., 2003



