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Executive Summary

The United States Environmental Protection Agency (EPA) encourages the sustainable management of
food through prevention of food loss and waste, donation of excess food, and recycling of excess food
and food waste into animal feed, fertilizers and soil amendments, and/or renewable energy. While source
reduction and donation are the most impactful management pathways, communities will always have
some food waste to manage. EPA encourages lifecycle thinking and decision making for communities
when choosing which waste management systems and methods work best for their circumstances.

Anaerobic digestion (AD) is one such method. AD is a process by which microorganisms break down
organic materials, such as food waste, in the absence of oxygen. AD is an alternative management
pathway for food waste that diverts food waste from landfill and recovers both energy and nutrients. AD
facilities must be permitted by the relevant federal, state, and local authorities to ensure they are
designed, constructed, and operated properly. When developed and operated effectively, AD projects can
provide economic, health, and environmental co-benefits to surrounding communities, such as diversified
revenue for farms, improved soil and water quality through better nutrient management, and reduced
greenhouse gas emissions through diversion of food waste and other organic materials from landfills.

In 2014, EPA began building a dataset of names and locations of anaerobic digestion facilities processing
food waste to better understand the practice and prevalence of food waste digestion in the United States
(U.S.). In December 2016, EPA was granted the authority to survey digesters annually, and EPA has since
renewed that authority until 2025. This report is the fourth in the series. Each report includes data for
three types of AD facilities: (1) stand-alone food waste digesters; (2) on-farm digesters that co-digest food
waste; and (3) digesters at water resource recovery facilities (WRRFs) that co-digest food waste.

In 2021, EPA surveyed operators of AD facilities that accept food waste to identify the number of facilities
in the U.S. and their locations, and to learn about their operations. EPA previously published three reports
in calendar years 2017, 2018 and 2019.

EPA administered the survey for a fourth time in 2021 and the data collected from the 2021 survey is
summarized in this report. The following critical data points reflect calendar year 2019: processing
capacity, the amount of food waste! processed, the amount of non-food waste? processed, feedstock
types, feedstock sources, the amount of biogas produced, and tipping fees. The remaining data points
reflect circumstances in 2021: pre-processing/de-packaging, operational specifications, biogas uses, gas
cleaning systems, solid digestate uses, and liquid digestate uses. The data used in this report was
voluntarily submitted by survey respondents.

1 For the purposes of this report, food waste includes but is not limited to: food scraps that have been separated
and collected by municipalities from residential sources; food scraps that have been separated and collected from
institutions or venues (e.g., prisons, hospitals, stadiums); food scraps from food preparation at restaurants,
cafeterias, and other food services; plate scrapings from restaurants, cafeterias, and other food services; fats, oils
and grease (FOG); unused food collected from grocery stores (e.g., bakery items, bruised fruit, items past shelf
life); and pre-consumer by-products of the food and beverage processing industries.

2 Non-food waste feedstocks include but are not limited to: mixed yard waste, crop residues, manure, wastewater
solids (sludge), septage, de-icing fluid, lab (or pharma) wastes, paper mill wastes, and crude glycerin.


https://www.epa.gov/anaerobic-digestion

EPA shared the survey directly with 2753 facilities believed to be operational and for which EPA had
contact information. Approximately 50 of those facilities were added to the EPA dataset of AD facilities
accepting food waste since the last survey in 2019. In addition to emailed surveys, EPA made the survey
available on the Agency’s AD website. EPA received responses to the 2021 survey from 99 operational
facilities, a decrease from 118 responsive facilities in 2019. EPA also added to the dataset of AD facilities
that are known to be operational, in the planning and design phase, or under construction; as well as
facilities that have ceased operation or ceased co-digestion activities. This report includes information on
the status of AD facilities in each of those situations.

The 2021 response rates for the stand-alone and WRRF digester surveys were lower than in 2019 (32%
and 46% versus 66% and 77%, respectively). The on-farm digester response rate was slightly higher (23%
versus 17%). For each year that the survey has been administered, the list of operating facilities has been
different. Because both the facilities offered the survey and the facilities responding to the survey have
varied each year, any year-to-year comparisons should be made with caution. Please reference Appendix
A for the list of facilities that responded to this survey in 2021.

Table ES-1 summarizes the facilities that received surveys in 2021 and response rates by digester type.
See Section Il (Table 2) of this report for a more detailed description of respondent participation for each
survey year.

Table ES-1: Number of Operational Anaerobic Digestion Facilities Processing Food Waste Surveyed in
2021 and Response Rate

Number of Number of S e TG

Digester type Facilities Surveyed Submitted Rate in 2021
in 2021 | Surveysin 2021

Stand-alone digesters 68 22 32%

On-farm co-digesters 79 18 23%

Co-digestion systems at WRRFs 128 59 46%

Total 275 929 36%

Processing Capacity and Amounts Processed

Based on data submitted by 89* survey respondents, the total processing capacity for food waste in all
three digester types combined in 2019 was over 42.7 million tons.> ® The total amount of food waste
processed in all three digester types in 2019 was over 17.5 million tons.” This number is higher than in
past years because the collection of new data on feedstock types allowed for updated conversion methods

3 The number of operational facilities receiving surveys in 2021 was higher than the number of facilities receiving
surveys in 2019, mostly because of new additions from top digester states, and keeping the survey open to
facilities that may have indicated in the past that they were not “operational.” EPA will remove facilities who
indicated they ceased operations from its list. There may be more than 275 AD facilities processing food waste in
the U.S.

4 The total number of surveys may not be equal to the total number of respondents providing answers to any
qguestion. Some respondents did not answer all questions.

5 For on-farm and co-digestion systems at WRRFs, “total capacity” excludes capacity dedicated to manure and
wastewater solids, respectively, and only refers to the available capacity to process feedstocks from off-site
sources, such as food waste. Because this survey focuses on AD capacity to process food waste in the U.S., EPA
assumes all available capacity could be used to process food waste.

6 “Tons” means wet U.S. tons throughout this report, unless otherwise specified.

7 This number is based on data reported by 73 survey respondents.
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(see part Ill. Results, D. Food Waste Processing for more information). Beverage processing waste from
stand-alone digesters comprised the majority of food waste processed (98.5%), as described in Table ES-
2.

Table ES-2: Total Capacity for Processing Food Waste and Total Amount of Food Waste Processed in
2019 by Survey Respondents

Reported Amount Capacity
Reported . o

' el Reported Amount Prf)cessed in 2019 Utilization

Digester Type 2019 Processed in 2019 without beverage | (Reported Amount

(tons) (tons) processing waste Processed/

(tons) Capacity)

Stand-alone digesters 38,461,432 15,055,227 228,836 39%

On-farm co-digesters 442,020 319,303 305,330 72%

Co-digestion systems 3,831,985 2,223,533 2,126,780 58%
at WRRFs

Total 42,735,437 17,598,063 2,660,946 41%

The total reported amount of non-food waste processed in all three digester types in 2019 was around
945,000 tons (Table ES-3).8

Table ES-3: Total Amount of Non-Food Waste Processed by Survey Respondents (2019)

. Amount
Digester Type (tons)*
Stand-alone digesters 511,675
On-farm co-digesters 2,730
Co-digestion systems at WRRFs 431,049
Total 945,454
*Liquid and solid amounts are combined because of increased level of data granularity this year.

Biogas Production

Based on the data reported by 91 survey respondents, the total amount of biogas produced by all three
digester types in 2019 was 29,877 standard cubic feet per minute (SCFM), which is equivalent to 93
megawatts (MW) of installed capacity, or 693 million kilowatt-hours (kWh) of electricity generated per
year which is enough energy to power almost 58,333 homes for a year (Table ES-4).

Table ES-4: Summary of Biogas Data Reported by Survey Respondents (2019)

KWh/yr Equivalent Number of
Digester type SCFM* MW s Y"! Homes Powered for One
(million)

Year
Stand-alone digesters 4,825 15 112 9,428
On-farm co-digesters 1,465 5 37 3,114
Co-digestion systems at WRRFs 23,587 73 544 45,791
Total 29,877 93 693 58,333
*SCFM values were reported by facility operators and added together to get a total for 2019. The MW, kWh/yr,
and homes powered numbers are calculated using the LMOP interactive conversion tool. These values are
rounded to the nearest whole number, which accounts for the fact that the column totals may not sum.

8 This is based on data submitted by 31 survey respondents.
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The numbers in Table ES-2 through Table ES-4 likely underestimate actual processing capacity, food waste
and non-food waste processed, and biogas production because not all operational facilities provided a
survey response.

Based on the 2021 survey responses, 30 states have at least one operating digester that accepts food
waste (Figure ES-1). California has the greatest number of operating digesters (20) followed by
Pennsylvania (8). Massachusetts (7), New York (7) and Wisconsin (6) round out the top five. All other
states have four or fewer digesters.

Total
20
2 "
(0] 0 0
4 . 2 44
6
0 ) 7
0 0
1 3 8
0 3 3 ’
0 1
2
1 2 0

0 0 '
1 0 0 1 CT 1
DE: 0
0 1 4 HI: 0
2 MD: 0
0 MA: 7
NJ: 3
0 2 RI: 0

Figure ES-1: Operating Food Waste Digesting Facilities that Returned Surveys by State

Operational Specifications and Pre-Processing Activity

In terms of operational specifications, most of the digester types were found to be wet and mesophilic
systems, as in the previous three surveys. For all digester types in 2021, the most common pre-processing
activity was screening and/or sorting. This differs from the 2019 survey’s results for stand-alone and on-
farm digesters, which had reported grinding and/or maceration and manual or mechanized de-packaging
as the top pre-processing activities, respectively.

Feedstock Sources and Types
When aggregated, the top five food-based feedstock sources for anaerobic digesters in the U.S. in 2019
were (in order):

e Industrial manufacturing and processing;
e Other;
e Food retailers and wholesalers;
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Restaurants and food services;
Industrial (other).

When aggregated, the top five food-based feedstock types accepted by anaerobic digesters in the U.S. in
2019 were (in order):

Beverage processing industry waste;
Fats, Oils, and Greases (FOG);

Food processing industry waste;
Other (not specified);
Source-separated organics.

Biogas Uses and Cleaning Systems

The top use of biogas across all three digester types in the 2021 survey was production of combined heat
and power (CHP). The next two most common uses by digester type are listed below.

Stand-Alone Digesters: to produce electricity (sold to the grid), and to produce electricity (net
metering) and to fuel boilers and furnaces to heat digesters;

On-Farm Co-Digesters: to produce electricity (sold to the grid), and to produce electricity used
behind the meter; and

Co-Digestion Facilities at WRRFs: to fuel boilers and furnaces to heat digesters, and to fuel boilers
and furnaces to heat other spaces.

Approximately 32% of stand-alone digesters, 27% of farm co-digesters and 76% of co-digesters at WRRFs
reported that they utilize gas cleaning systems. The top constituents removed for stand-alone digesters
were moisture, hydrogen sulfide and sulfur. On-farm digesters reported hydrogen sulfide and sulfur as
top constituents. The top constituents removed for co-digestion systems at WRRFs were siloxanes and
moisture.

Solid and Liquid Digestate Uses

The top three solid digestate uses by digester type in the 2021 survey were:

Stand-Alone Digesters: land applied with no dewatering/drying, composted into a
reusable/salable product, and de-watered/dried and land applied.

On-Farm Co-Digesters: processed into animal bedding, de-watered and land applied, and
composted into a reusable/salable product.

Co-Digestion Facilities at WRRFs: de-watered and land applied, landfilled, and composted into a
reusable/salable product.

The top uses of liquid digestate by digester type in the 2021 survey were:

Stand-Alone Digesters: reused as fertilizer via land application, and discharge to a wastewater
treatment plant.

On-Farm Co-Digesters: reused as fertilizer via land application.

Co-Digestion Facilities at WRRFs: recirculated through the digester and reused as fertilizer via
land application.



Annual Survey Results

Table ES-5 is a brief snapshot of annual results in the following categories: capacity, amount of food
waste processed, and biogas produced.

Table ES-5: Critical Data Points Reported by Survey Respondents

Calendar . Total Ava"?bli Food-Based Capacity Dedicated to Biogas
Year Digester Capacity Feedstock Food Waste Produced
(tons) | Processed (tons) (SCFM)
2015 - 11,341,813 - 34,967
2016 - 10,691,756 - 40,304
2017 24,045,403 9,633,373 40% 25,274
2018 23,993,122 9,814,871 41% 27,193
2019 42,735,437 17,598,063 41% 29,877
*This is total digester capacity minus capacity dedicated to manure at on-farm co-digesters and
wastewater solids at WRRF co-digesters.

Capacity utilization is hard to pinpoint because some reports stated capacities for a different calendar
year than processing. Generally, it appears the amount of processed feedstock and capacity remained
relatively constant throughout the four calendar years prior to 2019. In 2019, the available capacity and
food-based feedstock processed were higher because densities were applied to individual feedstocks.
Beverage processing made up 85% of the total food-based feedstock tonnage in 2019, and beverage
waste is heavy, with a density assumed to be that of water (8.34 Ib/gallon).

The noteworthy takeaway is that capacity utilization appears to have stayed constant since 2017. This
could indicate the potential to accept more feedstock at digesters, therefore maximizing capacity
utilization and generating more biogas. However, various factors may impact the potential for certain
digesters to process additional food-based feedstocks, such as quantities of non-food feedstocks
processed, including manure at on-farm digesters and wastewater solids at WRRFs; accessibility of food-
based feedstock (e.g., proximity to the digester); pre-processing technologies; and optimal mix of
feedstocks for efficient digestion. EPA’s Excess Food Opportunities Map (EFOM) is an existing resource
to view generators of excess food in areas where digesters are located and could be utilized to initiate
discussions and acceptance of more food-based feedstock.

Biogas production was highest in the beginning years of the survey (2015 and 2016 data); those years
also had higher survey response rates. Because the reporting facilities and number of facilities
responding to survey questions varies annually, it is hard to draw more specific conclusions for this
metric.

The higher concentrations of digesters in California, New York, Massachusetts, Pennsylvania, and
Wisconsin have remained steady, and this is logical given the dairy operations and local/state policies
that drive digester operation. Ohio did not feature prominently in this year’s survey compared to prior
years.



Key Highlights from the Report

EPA encourages source reduction and prevention as key activities to reduce food waste, but
when food waste is generated, it is important to keep it (and other organics) out of the landfill
through alternative management pathways such as composting or AD.
AD is a management pathway for food waste that recovers both energy and nutrients. AD
facilities must be permitted by relevant federal, state, and local authorities to ensure they are
designed, developed, and operated properly. When operated properly and effectively, AD
projects can provide economic, health, and environmental co-benefits to the agriculture
industry and surrounding communities.
EPA encourages lifecycle thinking and decision making for communities when choosing which
waste management pathways and systems work best for their circumstances.
According to this survey, a majority of food-based feedstock anaerobically digested is beverage
processing waste. Increasing the use of AD to process solid food waste in future years is
essential to keeping food waste out of landfills. This could also increase biogas yields and the
qguantity of digestate that can be beneficially utilized.
The capacity of existing anaerobic digesters appears to be underutilized.
o There are logistical and geographical considerations in diverting excess food. Although
capacity is underutilized, this does not mean it will all be utilized.
o Anaerobic digestion, like several technologies, should be utilized at a local level to limit
emissions from transporting materials over long distances.
o Other factors may affect capacity of certain digesters to accept food waste, such as
other non-food feedstocks processed and available pre-processing technologies.
This report could be used in tandem with EPA’s Excess Food Opportunities Map (EFOM), which
is a free tool that estimates where food waste generation is occurring and where opportunities
may exist for food waste to be managed locally, including through anaerobic digestion.
Contamination of digestate with PFAS and microplastics is a topic of concern. Further research is
needed to determine levels of contamination and potential risks to human health and the
environment.
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I. Background

In the U.S., food is the greatest fraction of material, by weight, in the municipal solid waste stream. In
other words, food is the most common type of waste in our garbage. In 2018, almost 103 million tons of
wasted food were generated in the industrial, residential, commercial, and institutional sectors,® imposing
significant economic and environmental costs. To help alleviate these costs, EPA encourages diversion of
food waste from landfills, including its management in anaerobic digestion facilities.

Anaerobic digestion (AD) is a process by which microorganisms break down organic materials, such as
food waste, in the absence of oxygen. AD is an alternative management pathway for food waste that
diverts food waste from landfill and recovers energy and nutrients, both of which have environmental and
economic value.

Keeping organic materials out of landfills is beneficial for the environment. If these materials are allowed
to decay in landfills, methane can be released into the air and contribute to climate change. Methane is a
potent greenhouse gas that traps 27 to 30 times more heat in the atmosphere over a 100-year period
than carbon dioxide.!® AD systems capture methane for use in a beneficial way, such as generating heat
and electricity, offsetting the need for fossil-derived fuels. AD also produces “digestate,” a nutrient-rich
material that can be used as a fertilizer or soil amendment. When developed and operated effectively, AD
projects can provide various economic, health, and environmental co-benefits such as greenhouse gas
emissions reductions and offering an alternative to landfill for managing food waste and other organics.

Permits are needed to construct and operate an AD/biogas system. The system must meet all relevant
local, state, and federal permitting requirements for air, solid waste, water, and construction. The
operation of an AD/biogas system may also require ongoing regulatory compliance for many of the issued
permits. Such permits are meant to ensure that anaerobic digestion does not result in adverse
environmental, human health, and other cumulative impacts to communities.

Every type of solid waste management pathway or system may have advantages and/or disadvantages.
EPA encourages lifecycle thinking and decision making for communities when choosing which waste
management pathway and/or systems work best for their circumstances. Quality data and information
can assist stakeholders in understanding the existing options and the landscape of food waste and
organics management.

In 2014, EPA began building a dataset of names and locations of AD facilities processing food waste. EPA
built the original dataset using publicly available information (e.g., American Biogas Council project
profiles, BioCycle articles, EPA AgSTAR! database). That list of AD facilities and contacts has since been
updated each year prior to the dissemination of a new survey.

To enhance the quality and quantity of available data, EPA sought and was granted authority under an
Information Collection Request (ICR) to collect information through a survey for anaerobic digesters
(reference Appendix D for survey questions). The approval allowed EPA to collect data annually for three

9 EPA 2018 Wasted Food Report, page 5. Estimate includes residential, commercial, industrial, and institutional
sources of food waste, but not on-farm sources.

10 EPA Understanding Global Warming Potentials

11 AgSTAR is an EPA program that promotes the use of biogas recovery systems to reduce methane emissions from
livestock waste.



https://www.epa.gov/sites/production/files/2020-11/documents/2018_wasted_food_report-11-9-20_final_.pdf
https://www.epa.g