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Appendix A: Feedstock Availability

I.  Municipal Organics in Waste Stream Estimates

A. The main source for these estimates is the California Department of Resources Recycling and
Recovery (CalRecycle) 2021 Disposal Facility-based Characterization of Solid Waste in California®.
Our goal was to estimate the amount of material that would ideally be used for compost. This
means that materials that would ideally be used or recycled, such as edible and donatable food
or clean cardboard, were not counted even though they could be composted.

a. Using the estimates in Table 3 Material Composition of California’s Overall Disposed
Waste Stream, we pulled out categories from the report’s Paper and Organics
subcategories that PFL believed was potential compost feedstock. They were then
reorganized into the following PFL subcategories:

i Non-Donatable Food Materials:
1. Food - Not Donatable - Meat
2. Food - Not Donatable - Non-meat
3. Food - Inedible

! https://www2.calrecycle.ca.gov/Publications/Details/1738



https://www2.calrecycle.ca.gov/Publications/Details/1738

ii. Non-Recyclable Paper:
1. Paper/Fiber Food Service Ware
2. Other Compostable Paper
iii. Leaves and Grass:
1. Leaves and Grass
iv. Remainder/Composite Organic:
1. Remainder/Composite Organic
V. Woody Biomass:
1. Prunings and Trimmings
2. Branches and Stumps
3. Clean Dimensional Lumber
4. Clean Engineered Wood
5. Clean Pallets and Crates
6. Other Recyclable Wood

. Manure (Wet) Estimates

A. Cattle Head and Animal Unit Estimates (Water Boards Permitting Datasheet)
1. CAFO Population Numbers (downloaded December 27, 2024)
a. The State Water Resources Control Board database, California Integrated Water Quality
System (CIWQS)? includes counts of cows at all permitted CAFO sites (note: these
numbers may not reflect the maximum herd size allowed at the facility). To access these
numbers, we followed these protocols:
b. Inthe CIWQS page, we accessed the Interactive Regulated Facilities Report®.
c. The following metrics were selected:
i Regions: Regions 1-9 (all available)
ii. Program: ANIMALWASTE
iii. Related Permit Status: Active
iv. Facility Type: None selected
V. Waste Type: None selected
Vi. Agency Type: None selected
d. The resulting report provided us with 10 datasheets under “ANIWSTCOWS,” which were
then combined into a master data sheet.
2. Removing Duplicate Rows
a. Removing Duplicate Rows
i.  There were 177 duplicate rows removed from the dataset.
ii. 9 duplicates were true duplicates, with every column being identical. 168
duplicates were found to have identical values in all columns except for Agency
Name and Agency Address. These were removed because they are likely two or

2 https://www.waterboards.ca.gov/water issues/programs/ciwgs/publicreports.html
3https://ciwas.waterboards.ca.gov/ciwas/readOnly/CiwasReportServlet?inCommand=reset&reportName=Regulate
dFacility
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more agencies reporting the same facility, as they shared the same Facility
Name, Facility Address, CAF Subtype, and CAF Population.
b. Removing “Null” and “Goat Dairies” CAF Subtypes
i.  After removing duplicates, we removed 3 “Null” CAF Subtypes and 6 “Goat
Dairies” CAF Subtypes
c. 1500 lines were trimmed down to 1314 (186 lines removed)
3. Identifying Water Board Order Numbers (These numbers represent different Water Boards
Orders and provide insight to the facility type)
a. Dairies:
i R5-2013-0122 = Dairy General Order = 1202 Facilities
ii. R1-2019-0001 = Dairies North Coast Region = 103 Facilities
iii. R8-2018-0001 = Dairies Santa Ana Region = 71 Facilities
iv. R5-2010-0130 = Digester Order for Dairies = 24 Facilities
b. Feedlots:
i R5-2017-0058 = Bovine Feedlot Order = 13 Facilities
c. Unspecified CAFO orders:
i R7-2021-0029 = CAFO in Colorado River Basin Region = 31 Facilities
ii. R2-2016-0031 = CAFO in Bay Area Region = 31 Facilities
iii. R9-2008-0130 = CAFO in San Diego Region = 4 Facilities
d. Orders with only 1 facility listed under each were not identified
4. Animal Unit Conversion Metric
a. The USDA & NRCS defines one Animal Unit (AU) as “one mature cow of approximately
1,000 pounds and a calf up to weaning, usually 6 months of age, or their equivalent.”*
b. The AU conversion rates for each CAF Subtype was found in the Central Valley Regional
Water Quality Control Board'’s Frequently Asked Questions Regarding Waste Discharge
Requirements General Order No. R5-2017-0058 For Confined Bovine Feeding Operations®
(2018), listed as follows:
i Beef Cattle = 1.2
ii. Baby Calf (less than 3 months) = 0.21
iii. Calf (3 months to 1 year) = 0.35
iv. Heifer =.75
V. Milk or Dry Cow (Holstein) = 1.4
vi. Milk or Dry Cow (Jersey) = 1.0
c. We compared these numbers to EPA’s Guide Manual On NPDES Regulations For
Concentrated Animal Feeding Operations (1995)°, which listed the AU conversion rates
as follows:

4 National Range and Pasture Handbook Glossary, accessed from:
https://rangelandsgateway.org/sites/default/files/2021-08/National_Range_and_Pasture Handbook.pdf

*https://www.waterboards.ca.gov/centralvalley/water_issues/confined_animal_facilities/general_order_guidance/
bovine/bovine_fag/bovine_go_faq.pdf
8 https://www3.epa.gov/npdes/pubs/owm0266.pdf
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i.  Slaughter or Feeder Cattle = 1.0
ii. Mature Dairy Cattle = 1.4
iii.  Swine (over 55 Ibs) = 0.4
iv. © Sheep=0.1
V. Horses = 2.0
d. Based on these values, we’ve determined the AU Conversion values for the CAF
Subtypes provided by the Water Boards in our CAF Population data set to be as follows:
i Cattle or Calf/Cow Pairs = 1.2 (see limitations - most likely confined beef cattle)
ii.  Calf Feedlot=0.35
iii. Heifer (non dairy affiliated) = .75
iv. Mature Dairy Cattle = 1.4
B. Excreted Manure & Manure Nutrient Estimates (USDA/NRCS)
1. Coefficients

a. Once the AU Conversions were determined, we applied Manure Coefficients found in
USDA’s and NRCS’s Estimates of Recoverable and Non-Recoverable Manure Nutrients
Based on the Census of Agriculture’ (2014), Table 5. Coefficients used to calculate the
guantity of manure and manure nutrients excreted annually. The coefficients used for
the Water Board’s CAF Subtype are from the following livestock categories:

i Mature Dairy Cattle: Confined livestock types 2002—2007: Milk cows
ii. Heifer: Partially confined pastured livestock types (all years): Beef heifers for
replacement herds
iii.  Calf Feedlots: Partially confined pastured livestock types (all years): Dairy calves
iv. Cattle or Calf/Cow Pairs: Partially confined pastured livestock types (all years):
Beef cattle

b. The Nutrient coefficients (for Nitrogen and Phosphorus) converted manure totals to
pounds (Ibs) of N and P. These were then converted by PFL to metric tons using the
conversion factor 2,000 Ibs equal one ton.

C. Limitations in Data
1. PFL conducted informal interviews with Lewis Lummen, from the Fresno Regional Water Quality
Control Board, and Deanne Meyer, Livestock Waste Management Specialist from UC Davis and
UCANR to gain an understanding of the dataset and its limitations.
2. Potential Inaccuracies in CAFO Population Numbers

a. CAFO population numbers were derived by Water Board Discharger Permitting datasets.
Water Boards only require dischargers (i.e. facility operators) to report specific
information regarding herd sizes and number of heads.

b. Water Boards do not require dairy dischargers to disclose the size of their replacement
herds or to distinguish between heifers and replacement heifers. This suggests that
there may be as many as 1.3 million additional heifers at permitted operations that are
not reported.

3. Potential Inaccuracies in Excreted Manure Calculations

7 https://www.nrcs.usda.gov/sites/default/files/2022-10/ManRpt_KelMofGol_2007_final.pdf



a. The additional non-reported replacement heifers in dairies may result in an
underestimation of total manure produced at dairies.

b. Water Boards do not require differentiating between milking and dry dairy cows. Meyers
suggests that this may skew estimates due to the fact that milking and dry dairy cows
have different rates of manure excretion. Because of this, Meyers noted that the 1.4
animal unit conversion for mature dairy cows may lead to an overestimation of manure
for that CAF subtype.

c. The “Cattle and cow/calf pairs” subtype varies by facility. Lummen indicated that for his
region, this mostly represents cattle for beef feedlot operations. Meyers noted that for
the Colorado River Basin region, these are mostly cattle for beef feedlot operations as
well. This may also result in a slight overestimation of manure for that CAF subtype.

lll. Woody Biomass Estimates

A. Annual estimates of woody biomass bone-dry tonnage were derived from An Assessment of
Biomass Resources in California, 2013 (DRAFT)?. It was prepared by the California Biomass
Collaborative and University of California Davis for the California Energy Commission. The
numbers used come from Table 2.5.2. Summary technical biomass resource potential (BDT/yr),
2013.

B. Tonnage estimates used include the following categories, listed by county and state totals in
bone-dry tons (BDT/yr) for the year of 2013, the most recent year of data available.

a. Total Orchard and Vine
b. Total Field and Seed
c. Total Forestry

C. Some categories were omitted, including:

a. Biosolids, MSW, and Manures: omitted because there are more comprehensive datasets
reporting these numbers.

b. Total Vegetable: omitted because 0 annual tons was reported

c. Total Food Processing: omitted because PFL understands and maintains that most of
food processing excess food goes towards animal feed creation.

d. Dedicated Crop: omitted because 0 annual tons was reported

IV. Compost Creation Calculations

A. Potential Feedstock to be Processed into Compost (Recovery Rate)
a. For PFLUs calculations on how much compost could be created from the available
feedstock materials, we worked with some assumptions. These include:
i 100% of the organic materials in the Municipal Organics in Waste
Stream category can be composted.



https://ucdavis.app.box.com/s/ke4a3us8gtkmffmo2l2gkfrmhad8d654

ii.  50% of the excreted manure is available for composting. This is to leave
50% of recoverable manure for other processing, such as liquid land
application, anaerobic digestion, and other frequently used methods. It
is also in line with rough estimates of existing manure composting
programs in California.

iii. 100% of the technically available woody biomass can be composted.

b. All feedstock tonnages were converted into cubic yards using the conversion
factor of 2.5 for wet tons and 1.4 for bone-dry tons®.

B. Total Compost Created from Potential Feedstock

a. The amount of compost that can be created largely depends on the feedstock
types, the C:N ratio used, how many cycles of compost can occur throughout the
year, composting methods, and more. For the purposes of this estimate, PFL
uses a conversion rate of 58% to estimate how much compost can be created
with the available feedstock volumes. This is the conversion rate that CalRecycle
uses internally for their estimates as well as the conversion factor listed in the
BioCycle article California’s SB 1383 Compost And Mulch Procurement Factsheets
(2020)%.

b. We categorized the listed feedstocks into two categories: Municipal Compost
and Agricultural Compost.

i Municipal Compost represents the amount of compost that can be
created with organics that are in the municipal waste stream.

ii.  Agricultural Compost represents the amount of compost that can be
created by combining the Nitrogen-rich manure feedstock with the
Carbon-rich woody biomass feedstock. Estimating the amount of
Agricultural Compost requires using appropriate C:N ratios to estimate
how much of those feedstocks can actually be combined, given that our
estimates show a nitrogen dominance due to the high volume of
available manure.

c. Estimating Compost Composition (Based on C:N)

i Municipal Compost:

1. Municipal organics are a highly variable feedstock composed
mostly of different food and green materials. The exact
composition and optimal C:N ratio will depend on variables
including the size and composting method of the operation.
Therefore, we applied the 58% conversion rate to all the
available municipal organic feedstock to estimate the total
volume of Municipal Compost. E.g. 26 million cubic yards of

% Conversions provided by Matthew Cotton

10 “California’s SB 1383 Compost and Mulch Procurement Factsheets,” BioCycle, October 19, 2020,
https://www.biocycle.net/californias-sb-1383-compost-mulch-procurement-factsheets/#:~:text=0.58%20tons%200
r%201.45%20cubic,product%20towards%20the%20 procurement%20 target.



municipal organic materials will equate to about 15 million cubic
yards of compost.
ii. Agricultural Compost:

1. Two different C:N ratios were used to provide a range of the
amount of Agricultural Compost that could be created. These
were provided by Matthew Cotton as typical volume ratios for
agricultural compost, which is between 2:1 and 3:1 carbon to
nitrogen (or woody biomass to manure).

2. The woody biomass feedstock volume was the limiting factor,
meaning that the amount of manure that could be processed
into compost was calculated by assuming we can process all the
woody biomass available. The volume of manure calculated as
feedstock will only be a portion of the total manure available for
composting. E.g., 27 million cubic yards of woody biomass is
available for a 2:1 compost ratio, meaning that 13.5 million
cubic yards of manure could be used for compost creation.

3. The 58% feedstock to compost conversion was then applied to
the total amount of feedstock being used for compost. If we
continue with the above example, Agricultural Compost would
equal 58% of 40.5 million cubic yards of woody biomass and
manure (23.5 million cubic yards for 2:1 C:N ratio).

iii. Manure-based Compost:

1. Manure can also be composted on site with different methods
that do not necessarily require extra woody biomass to be
available. We estimate that out of the remaining manure not
being used for agricultural compost, 50% can be further
composted into manure-based compost. We then apply the
same 58% conversion rate to estimate a total of

Appendix B: Compost Sites Throughput & Creation

|.  Permitted & Notification Compost Sites

A. Data was provided by CalRecycle. This dataset includes the names, addresses, and
throughput amount for all composting sites that have received either a Full Solid Waste
Facility permit or a Notification Authorization.

B. The “Regulatory Status” is referring to the authorization each site has to obtained in
order to legally compost under Solid Waste Regulations. For more information on
regulatory rules and operational mandates, please see Appendix D.



1. The “permitted” category refers to facilities that have received a Full Solid Waste
Facility Permit. Under this authorization, there is no limit on how much organic
material can be placed on site at any given time. It also allows processing of all
types of organic materials, including food materials and biosolids.

2. The “notification” category refers to sites that are not fully permitted, but have
received authorization from a Local Enforcement Agency (often the county or
CalRecycle) to process organic materials into compost with some limitations.
Notification tiered sites can usually process unlimited amounts of agricultural
materials and up to 12,500 cubic yards of green materials. The exact limits and
operating standards are ultimately decided by the Enforcement Agency.

C. Throughput tonnage provided in this data set is estimated by CalRecycle based on the
facilities regulation status, acreage, feedstocks, and more. These throughput numbers
have not been confirmed by the facilities themselves and are not numbers that are
otherwise reported to CalRecycle or other permitting agencies. Discretion in using this
data is strongly advised.

D. Excluded data:

1. Facilities that had 0 as their estimated throughputs

2. Additional factors from the original datasheet that helped CalRecycle calculate
their estimated throughput.

.  Community Compost Sites

A. Alist of the community composting sites that have been established through the
Community Composting for Green Spaces (CCGS) grant was provided by the two main
organizations leading the initiative: the California Alliance for Community Composting
(CACC) and LA Compost.

B. There have now been two full rounds of funding through this grant and has established
over 200 sites across California. The list provided to us included the names and
addresses of all the sites that received funding through CCGS. This list was then cleaned
to account for repeats (same sites that were funded through both CCGS rounds) and to
only include sites that reported diversion. Sites that were known to have dropped out of
the CCGS program or close down were also excluded from the final list.

C. The precise diversion rates for each site was not readily available, so CACC provided an
estimate of 1.4 tons of organic materials that were diverted in 2024 across all active
sites. There might be a slight deviation from all the active sites and the sites on our list.

Appendix C: Alternate Manure Management Program
(AMMP) Manure and Costs Estimates and Dataset

PFL strove to estimate how much manure is being composted on dairies that are excluded from
CalRecycle’s permitting requirements, and therefore not represented in our database (see Appendix B:
Compost Sites Throughput & Creation).



Information was gathered from a publicly available spreadsheet from the California Department of Food
and Agriculture (CDFA) regarding their Alternate Manure Management Program (AMMP). The AMMP has
awarded over $100 million in grants for dairies to manage their manure with methods that have lower

emissions than traditional waste lagoons. Since 2017, 179 projects have been approved for manure

management methods including composting, open solar drying, or solid storage. The list of projects
AMMP Project Level Data December 2024

|.  Throughput Estimates

A. Throughput estimates were derived by cross-referencing this AMMP project level

B.

datasheet with our Manure (Wet) Estimates (see previous section Appendix A part Il).
Using the LookUp function on excel, names of the dairies on the AMMP datasheet were
matched with the corresponding dairy names on the Manure Estimates datasheet.

1. Exact name matches were found, and the cattle population (CAF population) and
the manure estimates were listed on the AMMP Data Match tab.

2. Dairies that were not exactly matched were then manually reviewed to see if
there were slight differences in the reported dairy names. If the dairy names
were a close, but not an exact, match and were located within the same county,
the dairy name was adjusted. An example of this includes “Cal-Denier Dairy”
being adjusted to “Cal-Denier Dairy LLC”. These were then matched with the CAF
population and manure estimates of the Manure Estimates datasheet.

The results of the AMMP Data Match were then filtered to only include projects that
were funded (% Funds Distributed greater than 0%) and projects that were listed as
Composting projects (Manure Treatment/Storage Method listed as Composting).
Assumptions: Because the estimated manure volumes are based on excreted manure,
PFL assumes that only half of the excreted manure would be available for composting.
PFL also assumes that all of the available manure is being composted.

[I. Cost Estimates

A. The “cost” estimates are based on the grant funding received according to the AMMP

project level datasheet. The “% Funds Distributed” was multiplied by the “Grant
Amount” and added to the “Cost Share” amount. This provides an estimate of how
much these composting operations cost to initiate. PFL does not have a breakdown of
the exact expenses documented per project, but allowable costs according to CDFA
includes supplies, equipment, contractors, design and engineering, and other approved
expenses. Unallowable expenses include grant management costs, permitting and CEQA
environmental review costs, land acquisition, and other non-project associated costs.
This gives us a sense of the additional costs that a dairy would incur if they so decided to
implement a composting project.

" rep., Alternative Manure Management Program - Incentive Project-Level Data (CDFA, 2024),
https://www.cdfa.ca.gov/oefi/AMMP/docs/AMMP_Project_Level_Data.pdf.



Appendix D: Compost Cost Dataset

|. Zero Footprint’s Compost Connector Program:

A. Zero Foodprint is a non-profit that aims to reduce food-based emissions on the on-farm

and restaurant level. They work by awarding grants to farmers that build healthy soil and

draw down carbon. One of their projects is the Compost Connector, a rebate program

that uses philanthropic and grant money to subsidize compost for farmers. Zero

Foodprint provided PFL with 191 invoices of compost purchases through this program.

The invoices varied by compost provider, transportation service, amount of compost

purchased, the unit of compost sold, and shipping distance. There were many

differences in compost invoice information, including the units of which compost

amounts were presented, and whether or not the invoice separated out the

transportation costs.

A. Data transfer

1.

All data from invoices were transferred over to the spreadsheet. Because each
invoice was organized differently, there is some room for human error in this
transfer.

The total invoice amount; the compost price per unit, units of compost sold, and
total compost price; and the transportation costs, when available, were
transferred to the dataset.

The composter’s address, if available, and the shipment address were also
transferred.

B. Human error

1.

Due to the nature of the invoices, there was often limited information and some
assumptions had to be made. Some invoices came from the compost sellers
themselves, others came from transportation services delivering the compost to
the purchaser, others came from compost spreading companies. For example,
there was often confusion of whether compost prices included transportation
services or not, or how transportation services were calculated. This data was
not peer-reviewed, and is not representative of all composting purchases in
California.

1. Conversion factors
A. 2 Cubic Yards equals 1 Ton

B.

1.

Conversion Factor used comes from Compost for Small and Mid-Sized Farms by
John Biernbaum of Michigan State University

“Some assumptions are needed — a cubic yard of compost at 30-50% moisture is
assumed to weigh between 700-1400 lbs or about 1000 Ibs on average. (Manure
or dairy based compost and more aged compost will have higher bulk density.)
Therefore two cubic yards are about one ton.”

1 pound (lb) equals 0.0005 US tons



How to calculate available nitrogen and phosphorus in compost
1. https://dec.vermont.gov/sites/dec/files/wmp/SolidWaste/Documents/ANR%20
Analvtically%20Based%20Recipe%20Development.pdf

ArcGIS Map: Compost Feedstock and Capacity

I. Feedstock Estimates

A. Food Material Data - Excess Food EPA (2020)

a. Richard Brennar from ATIP (a USDA research group) was given the raw data for the EPA
EPA Excess Food Opportunities Map*. The data includes the locations and estimated
excess food tonnages for all existing and potential food waste generators, including:

i.  Correctional facilities
ii. Educational institutions
iii. Farmers markets
iv. Food banks.
V. Healthcare facilities
Vi. Hospitality industry
vii. Food manufacturing and processing facilities
viii. Food wholesale and retail
iX. Restaurants and food services
b. The data was cleaned as described in the following points:
i Average was taken between the min and the max estimates
ii. Blanks were replaced with Os
iii.  Cities and County names were changed to proper capitalization format
iv. County names were standardized (i.e. “Alameda County” was changed to
“Alameda”).
V. A column was added to indicate the generator categories so all the data could be
presented under one tab rather than tabs separated by category.

c. The following data was omitted:

i Farmers Markets- omitted because there was tonnage no data

ii. Manufacturing and processing - omitted because PFL considers this excess food
to be considered more agricultural than municipal, and additionally understands
and maintains that this excess food material should be used for animal feed.

'2 https://experience.arcgis.com/experience/793a7912cb184f7792fc02a9bac4 192b
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iii. Refrigerated warehouse storage - omitted because there was no tonnage data

iv. Anaerobic Digestion Facilities and Composting Facilities were not included in our
research because we received more up-to-date data from CalRecycle on the
location and estimated throughputs of composting facilities in California.

d. ArcGIS Map upload methodology:

i.  The data was then set to be visualized as a heat map, indicating areas in
California with more or less excess food material.
B. Manure Data- see Appendix A: Part Il: Manure (Wet) Estimates

a. The coordinates and estimated wet manure tonnage was added to the map as a
geocoded layer. The data was then set to be visualized as a heat map, indicating areas in
California with more or less confined cattle manure.

C. Woody Biomass data - see Appendix A: Part Ill: Woody Biomass Estimates

a. The data was limited to county-level estimates, so this data needed to be combined with
available raster data.

b. Forestry biomass estimates were combined with LANDFIRE2020 Existing Vegetation
Raster File. Vegetation types were filtered out to only include forestry layers. The filtered
raster was then combined with county-level estimates of technically available biomass.
Areas with more forestry raster points were shown to have a higher density of available
woody biomass.

c. Crop biomass estimates were combined with USDA’s Cropland Data Layers (CDL) raster
file. Crop types that were included in the county-level estimates of technically available
biomass (specified in their methods document) were filtered out to create a new layer.
The filtered raster data was combined with county-level estimates of technically
available biomass. Areas with more crop raster points were shown to have a higher
density of available woody biomass.

ll.  Composting Site Locations

A. See Appendix B: Part 1 & |l for details on compost site location datasets.
a. A geocoded map layer was uploaded using the addresses for each composting site from
our CalRecycle and Community Compost site lists.
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