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BACKGROUND

The U.S. wastes more than 1/3 of its food supply.

Food waste occurs at all stages of the supply chain: production, processing, distribution,
retailers, food service, and homes.

Food that is ultimately wasted results in a “waste” of resources—including agricultural land,
water, pesticides, fertilizers, and energy—and the generation of environmental impacts—
including greenhouse gas emissions and climate change, consumption and degradation of

freshwater resources, loss of biodiversity and ecosystem services, and degradation of soil quality
and air quality.

In 2021, EPA released estimates of the environmental impact of food waste up to the point at

which it is wasted. For more information, please visit: https://www.epa.gov/land-research/farm-
kitchen-environmental-impacts-us-food-waste

Today we will focus on pathways for recycling and disposal of food waste.
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Updating EPA’s
Food Recovery
Hierarchy

New report evaluates 11 common
wasted food pathways:

e Source Reduction

* Donation
* Upcycling
Food Recovery Hierarchy * Anaerobic Digestion
Source Reduction ° Animal FEEd
Feed Hungry People ° CompOSting
Feed Animals e Controlled Combustion
Industrial Uses (Incineration)
* Land Application
e Landfill

e Sewer/Wastewater Treatment
(“Down the Drain”)
 Unharvested/Plowed In

Pathways noted in orange were not included in the EPA Food Recovery Hierarchy developedin 1990s (shown above).
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o EPA Wasted Food Scale

How to reduce the environmental impacts of wasted food

© Avoip

Prevent Wasted Food Send Down the Drain,
Produce, buy, and serve Landfill, or Incinerate

only what is needed with or without energy recovery

d3ydd3434d LSO

Anaerobic Digestion

with disposal of digestate/biosolids

or

Apply to
the Land

(&4
ST PR EFERRED

Compost

—_— or ——

Anaerobic
Digestion

with beneficial use of
digestate/biosolids

October 2023

The Wasted Food Scale replaces the Food Recovery Hierarchy.
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Quantifying
Landfill
Methane
Emissions from
Wasted Food

Methane is a powerful GHG.
Municipal solid waste (MSW) landfills are the 3" largest source
of methane emissions from human activities in the U.S.

* Food waste is a large part of the MSW stream that is

landfilled.

* Organic waste (such as food waste) breaks down.

* Microbes consume organic matter and make methane.
Landfill methane may be captured by landfill gas collection
systems or emitted to the atmosphere (i.e., fugitive
emissions).

In 2021, the White House released the U.S. Methane
Emissions Reduction Action Plan committing to reduce
methane emissions from large landfills and reduce food waste
in landfills.

We know food waste generates methane in landfills

e How much?

No peer-reviewed estimate of national landfill methane
emissions from food waste existed.
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Landfill Emissions: Model Approach

Methane (CH,) is the most important GHG to model from MSW landfills

Carbon dioxide (CO,) from non-fossil sources isn’t considered for GHG emissions

CH, Emitted = Generated — Collected — Oxidized
co,
m

Yo ‘
e co,

e
Collected

CH,
Emitted

T Oxidized
CH

v C
MSW Landfill H

CH,
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USER INPUTS

1: PROVIDE LANDFILL CHARACTERISTICS

m 2 Funer Cnaractensties
Landfill Name or Identifier:

Clear ALL Non-Par
Inputs/ Selectic

megagrams vI

Landfill Open Year 1999
Landfill Closure Year

Have Model Calculate Closure Year? | Yes & No
Waste Design Capacity

2: DETERMINE MODEL PARAMETERS

Restore Default Model
Parameters

g-' Waste Reduction Model (WARM)

3 General Information 4 Calculation

Each input row will be validated to sum up correctly. The tons generated in the baseline scenario must match the tons generated i
alternative scenario.

Arow is valid if the sum of tons entered in the Baseline Scenario columns, as shown in the Tons Generated column, is equal to the sum of tons eni
the Alternative Scenario columns. For example, if the Baseline Scenario assumes that 100 tons of aluminum cans are landfilled, this is the Tons G
value. To generate valid results, all values entered in the Alternative Scenarios columns must add up to 100 tons to equal the Tons Generated val

fon Rate, K year") S eewmesamm
CAAC -005 -
U S e d E PA to O I Lotenlial Methane ion Capacity, Ly (m*/Mg) Material R Tons Tons Tons Ll Anaa.::r::cally Tons S:Jr:ig S Tb'fs
‘ CAA Comventional - 170 j ecycled Landfilled Combusted Composted Digested Generated A Recycled Landfille
. . . NMOC C ion (ppmv as hexane) Corrugated 0 0 0 NIA NIA 0 0 0 0
o L df I | G E M d I ( L d G E Ivl ) ‘ Invertory Mo or Unknown Co-disposal - 600 ;I Containers
a n I a S m I SS I O n O e ar]— ‘ Content (% by volume) = Magazines/Third-class 0 0 0 /A /A 0 ] 0 0
CAA - 50% by volume < IMaH | |
" N/A
Used existing EPA dat ssac SEPA
3:SELE
sed existing data goRE T T
. . . Totallan | | 2022 v jop— S
> Food waste characteristics - Waste Reduction g o oo oo
Choose state Fusl Type reent mi Al Facities ~
Gas / Poll

Model (WARM) o

> Waste composition - Facts and Figures: 2018 and
previous years

> Annual tons landfilled - EPA’s GHG Reporting
Program (GHGRP)

> Landfill characteristics - Landfill Methane
Outreach Program (LIMIOP)

Compared to landfill emissions in the annual
GHG Inventory (US EPA, 2022)
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https://www.epa.gov/land-research/landfill-gas-emissions-model-landgem
https://www.epa.gov/warm
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-overview-facts-and-figures-materials
https://enviro.epa.gov/query-builder/ghg
https://www.epa.gov/lmop
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2021

Model Parameter: Decay Rates

* Waste Reduction Model (WARM) v15 Number of

. . years at which
* Comparing GHG impacts of waste

management programs point 1/2 the
5 PO Decay rate carbon has been

* Used their default methane potential and MSW T degraded

decay rate for food Component (yr) (yr)
Branches (Yard) 0.02 35
Cardboard 0.03 23
Copy Paper 0.04 17
Dimensional
Lumber 0.11 6.3
Food Waste 0.19 3.7
Leaves (Yard) 0.22 3.2

Grass (Yard) 0.39 1.8
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https://www.epa.gov/warm

Model Assumptions: Gas Collection
Efficiency

 Landfill operators have up to 5 years

from burial to install gas collection WARM default gas collection scenario
equipment
Landfill Gas Waste Age
* More recent practices, some Collection Efficiency (Years)
operators are installing gas collection 0% 0-4
equipment sooner 50% 5.9
* Not the case in 1990s, early 2000s 759 10-14
* Waste Age # Landfill Age 82.5% 15-0
90% Final Cover

Source: US EPA (2020)
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Food CH, emissions compared to all
emissions from landfills

From 1990 to 2020 total MSW landfill = Food waste &= All other wastes

methane emissions decreased by 43% 8
> Expansion of gas collection systems at landfills §" 150 -
> Operators installing more systems, sooner £ 10
. . - . £ .
° Particularly at later points of the landfill lifetime -
1=
S 90-
Methane emissions from landfilled food waste g
increased steadily by 295% T
° Annual increases in landfilled MSW, including T 30-
food S
0_
ISSi N > O DO O > o & 0 > 0 O 0
'Ic:icr)r?edli\r/\\gSte emissions occur earlier in disposal S '\%q'\'@o_; RIS q?&q?g S S @»&@« SO0
Year
Landfill operators collecting more gas later in Source: Krause et al. (2023)

the timeline
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Comparing Landfill CH, Generation to
Emissions

Fugitive Methane Emissions Methane Generation
mmt CO,e mmt CO,e | mmtCO,e mmt CO,e
Contributions (100 yr GWP) % Total (20 yr GWP) (100 yr GWP) % Total (20 yr GWP)
Total 94 100% 309 305 100% 1,000
Food waste 55 59% 180 89 29% 293
Other Waste 39 41% 129 216 71% 707

mmt = million metric tons. CO2e = carbon dioxide equivalents. GWP = Global warming potential. CH4 100-year GWP = 25. CH4 20-year GWP = 82.
Sources: Krause et al. (2023) and U.S. EPA (2022)
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Comparing Landfill CH, Generation to
Emissions

Fugitive Methane Emissions Methane Generation
mmt CO,e mmt CO,e mmtCO,e mmt CO,e
Contributions (100 yr GWP) % Total (20 yr GWP) (100 yr GWP) % Total (20 yr GWP)
Total 94 100% 309 305 100% 1,000
Food waste 55 59% 180 89 29% 293
Other Waste 39 41% 129 216 71% 707

mmt = million metric tons. CO2e = carbon dioxide equivalents. GWP = Global warming potential. CH4 100-year GWP = 25. CH4 20-year GWP = 82.
Sources: Krause et al. (2023) and U.S. EPA (2022)

Food generates about 30% of methane generated by landfills
but makes up about 60% of its emissions.
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A hypothetical scenario of food diversion
assuming food waste is cut in half

Tonnage of food waste landfilled (red
columns)

Assume landfilled food waste was cut in half in
2015 and held constant (hatch pattern).

B Food waste landfiled — Current Status Alternale Scenario

(=7]
o

Methane emissions (blue line)

N
o
|

The yellow line reflects the impact to
methane emissions

-
o
|

0_
1990 2000 2010 2020
Year

Landfilled Food Waste (mmt) or
Methane Emissions (mmt CO,e)
=
]

Source: Krause et al. (2023)
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Summary

*  EPA datasets and tools were used to model food Bl i methane emissiontt om
. . ; municipal solid waste landfills. . -
waste methane emissions pplt

-~ & ~
* . Wasted food causes * .
’

* We compared our results to total MSW landfill
emissions reported in the annual GHG Inventory

* 58% emissions are from landfilled food waste

* 61% of methane generated from food is not
captured by landfill gas collection systems

In landfills, wasted food breaks down relatively quickly, generating methane -

P For eve ry 1’000 tons (907 metric tOnS) of food a powerful greenhouse gas - before landfill gas collection systems are in place.

o . . Keeping food out of landfills helps tackle climate ch .

waste landfilled, 34 metric tons of fugitive saiCiasiesitiba bt bl il
methane emissions (838 mt CO,e) are released Source: Krause et al. (2023)
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Future Work

* Quantifying uncertainty in the current model
approach —— Facts and Figures — GHGRP-derived

=2}
(=]

* Updating landfilled MSW gquantities based on
publicly-available state data

(=2
o
|

* Reducing uncertainty into the methane
collection values

N
(=2
1

* Replacing or improving models with
measurements
* Other measurement and modeling work to

examine impacts to/from other waste
infrastructure (e.g., compost facilities)

Landfilled Food Waste
(million metric tons)
F =N
T

0 |—’”|/ T T T T T
1960 1970 1980 1990 2000 2010 2020

Year

Source: Krause et al. (2023)
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The Bigger Picture

Food waste decays relatively

quickly

Most emissions
occur before gas
collection

systems are

installed

Methane emissions from
some MSW landfills are
decreasing due to gas
collection improvements

Operators
installing more
systems

Gas-to-energy
systems
becoming more
popular

Diverting food waste from
landfills = anaerobic
digesters, compost systems

Reduces landfill
emissions but
will have other
facility’s
emissions and
from transport
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Reducing wasted food
upstream (at farms or
grocery stores) would have
much larger environmental
benefits

Significant
resource inputs
(land, water,
fertilizer, etc.)
used to produce
and deliver food
to consumers




Contacts

Shannon Kenny
Senior Advisor for Food Waste

Office of Science Advisor, Policy and Engagement
U.S. EPA ORD

kenny.shannon@epa.gov

Max Krause
Engineer

Center for Environmental Solutions and Emergency Response
U.S. EPA ORD

krause.max@epa.gov

For more information, the reports are available online at EPA’s Food Waste Research site:
https://www.epa.gov/land-research/food-waste-research

The views expressed in this presentation are those of the authors and do not necessarily reflect the views or policies of the U.S. EPA. Any mention of trade

names, products, or services does not imply an endorsement by the U.S. Government or EPA. EPA does not endorse any commercial products, services, or enterprises.
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