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Method for Estimating Greenhouse Gas Emission Reductions from Diversion of
Organic Waste from Landfills to Compost Facilities

EXECUTIVE SUMMARY

This document explains a life-cycle method to quantify the California-specific
greenhouse gas emission reductions from using compost as well as the greenhouse
gas emissions associated with compost management. By diverting organic wastes to
composting facilities, methane emissions from landfills are avoided. Additionally,
compost application to agricultural fields increases soil health while providing multiple
co-benefits such as, reducing the amount of synthetic fertilizer needed, decreasing soll
erosion, and reducing the use of herbicides. Although not quantified in this report, other
composting application benefits include the energy saved through reduced water use,
increased crop yield, and increased microbial activity which result in healthier soils. The
management of compost material also results in greenhouse gas emissions. These
emissions occur during the collection of the initial feedstock and delivery of the
compost, the use of energy and water to manage the compost pile, and as
microorganisms convert the initial feedstock to compost. The following equation is used
to calculate the compost emission reduction factor (CERF):

CERF = (ALFb + ((Eb + Fot+ Hb) * Cuse)) — Etotal

where,

CERF = Compost emission reduction factor (MTCO:zE/ton of feedstock)
ALFp = Emission reductions associated with the avoidance of methane
emissions at landfills (MTCO:2zE/ton of feedstock)

Eb = Emission reduction associated with decreased soil erosion
(MTCOzE/ton of compost)

Fb = Factor to account for the reduced fertilizer use (MTCO2zE/ton of
compost)

Hb = Factor to account for the reduced herbicide use
(MTCOzE/ton of compost)

Cuse = Conversion factor used to convert from tons of compost to tons of
feedstock

Etotat = Emissions due to the composting process (MTCO:zE/ton of
feedstock)

The CERF generated for this method was determined for three types of organic
compostable waste types: food waste, yard trimmings, and mixed organics, the latter of
which is a combination of the other two types proportioned based on the 2008
CalRecycle statewide waste characterization study*. The resulting CERF values are
0.62, 0.44, and 0.56 MTCO:2E/ton of feedstock (wet weight) for food waste, yard
trimmings, and mixed organics respectively.

* The 2014 waste characterization study
(http://www.calrecycle.ca.gov/publications/Documents/1546/20151546.pdf) was not included in
this report. The data from the study will be included into the next version of the CERF.
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1. BACKGROUND

From 1990 to 2013, the amount of organic waste composted in the United States
increased over 420 percent from about 4 to almost 20 million tons.! Composting is a
decomposition process that converts an initial feedstock of organic waste (i.e. food
scraps, yard trimmings, branches, leaves, grass, and organic municipal solid waste) into
an organic-rich soil amendment called compost. Compost application to soil systems
has many benefits, which include, but are not limited to, increased soil carbon
concentrations, decreased density, increased porosity, increased resistance to erosion,
provision of secondary nutrients and micro-nutrients not available in many common
fertilizers, increased soil microbiology which may protect against pests and diseases,
and the potential to decrease the use of synthetic fertilizers.”- 44 7 In recent years,
efforts have begun to quantify the above compost benefits in terms of greenhouse gas
reductions.812

The quantification of greenhouse gas (GHG) emission reductions from compost
application requires a life-cycle approach. A life-cycle approach accounts for emissions
or emission reductions at the manufacturing, use or end-of-life stages for a single
product.’®* Composting is unique because using its end-product reduces energy
requirements in other products’ life cycle stages. For example, by decreasing soil
density, compost application on lands may reduce the fuel requirements for tillage, but
this has not yet been quantified. Compost use can also decrease the amount of
industrially produced fertilizer needed to produce a particular yield. Applying compost
can also reduce the amount of water needed to irrigate a crop. In the proposed method,
the GHG emission reductions are quantified compared to a baseline scenario of waste
landfilling, and includes benefits from compost used as an amendment to an agricultural
soil system. For this analysis, emissions associated with the composting process, such
as transportation, and machinery use, and its beneficial end uses in avoiding landfill
GHG emissions, reduced soil erosion, and fertilizer and herbicide use will be quantified.

This life-cycle method quantifies the net GHG benefits of composting in relation to a
baseline scenario of landfilling, and has consistent elements when compared with other
recent compost analyses in the literature. The United States Environmental Protection
Agency (USEPA) Waste Reduction Model (WARM) quantifies the compost GHG benefit
by accounting for the net emissions from the composting process and summing them
with the benefit of soil carbon storage, and also includes a comparison of net emissions
relative to a baseline of landfilling.# Studies by Martinez-Blanco et al (2009) and
Blengini (2008) assess similar parameters as the WARM model, but also include
fertilizer benefits.1>® However, these studies do not attempt to quantify the GHG
benefits associated with a decline in soil erosion and pesticide use, and do not compare
composting to a landfilling baseline scenario.

This method evaluates the emission reduction benefits and emissions associated with
the composting process and the agricultural use of its end-products, as compared to a
baseline scenario of waste landfilling with gas collection. The emissions considered will
be transportation (feedstock collection and delivery of finished product), process



emissions (feedstock manipulation during the production of compost,), and fugitive
emissions (CH4 and N2O emissions from the composting material). The greenhouse
gas emission benefits will include avoided methane emissions from landfilling, reduced
soil erosion, and a decrease in fertilizer and herbicide use. Whenever feasible, studies
from California composting operations and compost application will be used. The
guantification of each of these variables will lead to a compost emission reduction factor
(CEREF) for three categories of organic waste: food scraps, yard trimmings, and mixed
organic waste.

This paper concludes with a discussion of the potential change in biogenic carbon
dioxide (CO2) emissions that result when organic material is composted rather than
landfilled.

2. METHODS

The boundary, or life-cycle stages used to quantify the compost emission reduction
factor, for this method establishes the greenhouse gas emission reductions of compost
application and greenhouse gas emissions from compaosting organic waste, as
compared to a baseline scenario of landfilling. This section describes the emissions
from the composting process and secondly discusses the avoided landfill emissions and
the emission reductions associated with using compost as an agricultural amendment
that were considered in this method. If compost is used as an agricultural amendment,
all of the benefits discussed below are applicable. A survey completed by CalRecycle
indicates that the majority (~ 73 percent) of compost application in California occurs for
uses that would benefit from all of the variables discussed below (see section 2.2).%8
These include agricultural, landscape, and nursery applications.

2.1 Composting Emissions

There are three main emission sources that occur during the composting process:
transportation emissions occurring from the collection of the initial feedstock and
delivery of the finished compost; energy and water emissions from the composting
management process; and fugitive emissions from unintended anaerobic decomposition
of the feedstocks within the overall aerobic system. The significance of each emission
is important because it detracts from the overall emission benefit of compost use;
however these emissions must also be compared to emissions that would occur in the
baseline scenario of landfilling. The emissions that are discussed in this method are
consistent with the emissions in studies evaluating the GHG emissions from
composting.t® 1619 Biogenic carbon dioxide (CO2) emissions from the degradation of
organic material (i.e. branches and food scraps) during the composting process are not
counted to maintain consistency with ARB inventory accounting.®®



The overall emissions from composting are represented by the following equation:

Etotal = Te + Pe +Fe 1)
where,
Etotat = Total emissions from composting (MTCO2zE/ton of feedstock)
Te = Net additional transportation emissions from composting as
compared to landfilling (MTCO:2zE/ton of feedstock)
Pe = Net additional process emissions from composting as compared to
landfilling (MTCO2zE/ton of feedstock)
Fe = Fugitive emissions from composting (MTCO2zE/ton of feedstock)

2.1.1 Transportation Emissions (Te)

The transportation emissions (fossil fuel CO2 emissions from diesel) associated with
composting occurs during the collection of the organic feedstock to the composting
facility and the delivery of the finished compost to the end user. The total distance
travelled (inbound and outbound), in combination with an emission factor that indicates
the amount of greenhouse gas emitted per distance travelled (g CO2/ton'mile), gives an
approximation of the emissions for transportation. The inbound and outbound distances
vary across the state and depend on the collection method and customer proximity to
the composting facility. Discussions with CalRecycle staff led to the identification of six
geographically representative compost facilities across the state.?° Average
transportations distances were obtained from a survey of Northern, Central and
Southern California composters. The emission factor used was generated from
Appendix G of the ARB’s Statewide Truck and Bus Regulation (101 g CO2/ton'mile).?*

Transportation emissions associated with composting are compared to estimates of
transportation emissions associated with landfilling. Any significant net difference in
estimated transportation emissions between the composting and landfilling scenario are
included in the emissions equation as the (Te) parameter.

2.1.2 Process Emissions (Pe)

Process emissions from the composting process were from the energy required to grind
material (electricity), turn and manage the compost pile (diesel) and the emissions
associated with water use on the compost pile. California-specific data sources for this
parameter were obtained from a personal communication with CalRecycle staff.2°

Process emissions associated with composting are compared to estimates of process
emissions associated with landfilling. Any significant net difference in estimated
process emissions between the composting and landfilling scenario are included in the
emission equation as the (Pe) parameter.



2.1.3 Fugitive Emissions (Fe)

Fugitive emissions arise from methane (CHa4) and nitrous oxide (N20) releases during
the composting process. Methane is produced in anaerobic pockets of a compost pile,
while nitrous oxide is a product of nitrification or denitrification.?? Even though the overall
emissions of these two GHGs is low relative to carbon dioxide, their emissions are
significant because their global warming potential (GWP) is 25 and 298 times greater
than CO: for CH4 and N20, respectively.?®> Numerous research articles discuss the
release of CH4 and N20 emissions from composting. The list of studies include both
manure?4+2¢ and organic waste?’-?° composting piles. However, manure is not normally
contained in a commercial organic waste stream, so data from these studies were not
used for this analysis. Studies were selected for inclusion based on criteria such as
whether the composting feedstock and methods were consistent and representative of
composting management practices in California, and whether the emissions sampling
procedures used in the study were appropriate for estimating the fugitive emissions
emanating from the surface of compost piles (rather than, for instance, sampling gas
from directly inside the compost piles). The selected studies represent California
composting methods, and include three California-specific studies. The values from the
selected papers that discussed CHa4 (n=6) and N20O (n=4) emissions were averaged
together.

2.2 Compost Emission Reductions

The greenhouse gas emission reduction benefits include both the avoided emissions
that would otherwise occur if the organic material had been disposed in a landfill,
calculated based on the initial organic feedstock, as well as the benefits from agronomic
use of compost, which are calculated based on the finished compost product. The final
reduction benefit is reported by converting the compost application benefit to units of
initial organic feedstock. The addition of compost to soils produces many benefits that
contribute to soil and plant health. While this analysis evaluates only the principle
benefits from a GHG perspective, more benefits may occur from compost application
(such as increased crop yield and increased below ground biomass when applied to
rangelands). 39768081 More research is needed to be able to quantify the GHG benefits
from these composting applications.

A previous version of this study quantified and included emission reductions from
carbon storage in soils.%® The previous version’s carbon storage factor represented the
net amount of carbon from the organic compost feedstock that was stored in soil for at
least 30 years following application of the compost on agricultural soils. Because the
new version of this study is quantifying emission reduction benefits of composting as
compared to a baseline scenario of landfilling, the carbon storage factor is not included
as an emission reduction benefit. Instead, changes in biogenic CO2 emissions are
evaluated for composting as compared to landfilling. The biogenic CO2 emissions are
not included in the total composting emission reduction factor; however section 5
contains a discussion of biogenic emission changes. This approach ensures
consistency with the carbon flows accounting approach used by ARB GHG inventory



accounting, and is equitable in the treatment of the slowly degrading and/or passive
carbon pools that can be stored in landfills and soils for long periods of time.

Reduced water use is also an area where the GHG benefits have been quantified in the
previous version of this study. Studies show that compost application decreases the
density of soil due to an increase in soil porosity.3>34 Increases in porosity and surface
area creates more binding spots for water, leading to higher water retention rates when
compared to an unamended soil.333* The physical characteristics that allow for the
increased water retention are directly due to the carbon content of the compost.* A
decay pattern similar to carbon loss in compost was therefore used for modeling the
water use benefits.14

The previous version of this paper used a study conducted by the University of
California — Riverside which addressed the water retention benefits from compost
application.®> The data collected from the study was used to calculate the compost
application benefit in the reduced energy needed to transport water to the compost-
amended soil. The emission factor calculated for water use was 1.5 MTCO2e per
acre-foot (AF).3¢ This value is based on a statewide embedded energy in water value of
3.2 MWh/AF. We did not use this study to quantify the energy saved from water use
and will consider adding water savings in subsequent revisions of the CERF.

The composting application benefits described in this method are listed in the equation
below:

Btotal = ALFb +((Eb + Fo+ Hb) * Cuse) (2)

where,

Btotat = Total emission reduction benefit due to compost use (MTCO2zE/ton
of feedstock)

ALF, = Emission reductions associated with the avoidance of methane
emissions at MSW landfills (MTCOzE/ton of feedstock)

Eb = Emission reduction associated with decreased soil erosion
(MTCOzE/ton of compost)

Fb = Factor to account for the reduced fertilizer use (MTCO:zE/ton of
compost)

Hb = Factor to account for the reduced herbicide use
(MTCOzE/ton of compost)

Cuse = Conversion factor used to convert from tons of compost to tons of
feedstock.

2.2.1 Net Avoided Emissions from Landfills (ALFb)

Methane (CHa4) is generated in landfills when microbial respiration reactions occur under
the anaerobic conditions present in landfills. Nitrous oxide (N20) emissions from
degrading organic materials are poorly understood and are assumed to be zero. More
research is needed to verify this assumption. Landfilled organic (compostable)



materials such as food waste and yard trimmings decompose primarily under anaerobic
conditions following a brief aerobic decomposition phase, and produce significant
quantities of landfill gas (LFG) which consists of approximately equal parts CH4 gas and
biogenic CO2 gas.'* Produced landfill CH4 will eventually be released to the
atmosphere if not oxidized by landfill cover material or captured and destroyed by a
landfill gas collection and control system.

Landfill gas collection systems are present at a majority of landfills in California. Itis
estimated that upwards of 95% of the waste-in-place (WIP) in the state is located in
landfills with gas collection and control systems.®° For this reason, this avoided landfill
methane calculation assumes that all landfills from which organic waste is diverted have
an active gas collection and control system in place.

In order to quantify the net avoided methane emissions that result from diversion of
compostable organics, this analysis relies on use of the IPCC first order decay (FOD)
model, the same model adapted by ARB for use as the Landfill Emissions Tool and
prescribed for modeling emissions per the ARB Local Government Operations
Protocol.5153.60 The IPCC FOD model was adapted for this analysis to quantify the net
methane emissions that would occur over a one-hundred-year timeframe from the
landfill disposal of one short ton of waste deposited in year one. The model was
parameterized and run for three primary compostable waste types: food waste, yard
trimmings, and a category named ‘mixed organics,” which is a combination of the first
two categories proportioned based on the most recent California Waste
Characterization Study.®® For each type of waste, the model was run using two different
values for the methane oxidation factor, which represents the fraction of the generated
methane that is oxidized by the landfill cover material, and two different landfill gas
collection efficiency scenarios.

This study uses two values for the oxidation factor (10% and 35%) in an attempt to
balance the uncertainty with respect to landfill gas oxidation rates. The first value (10%)
is equal to the IPCC and U.S. EPA default oxidation rate, and the second value (35%)
represents the upper bound estimate based on recent research findings and revisions
made to the US EPA Mandatory Reporting Rule.56

The two gas collection scenarios are meant to represent two reasonable estimations for
LFG collection efficiencies at California landfills. Both approaches rely on a phased gas
collection approach as described in Barlaz et al. (2009) and Kaplan et al. (2009)67-71
The phased collection approach assumes that collection efficiency increases (from
zero) in the years following the initial placement of waste in an open landfill cell as the
gas collection system is installed and expanded, and the cell cover material transitions
from daily cover to intermediate cover to final cover. Very high collection efficiencies up
to 95% may occur at the point at which a landfill cell is closed and capped with a final
cover material.5” Because the ‘phased’ approach applies increasing collection
efficiencies from zero to 95%, this approach takes into account the emission that would
occur from open face of the landfill prior to gas collection system placement, as well as
the closed cells of a landfill where higher collection efficiencies occur.



It is important to note that the gas collection scenarios used in this document are based
on studies that represent common landfill practices in California and throughout the
nation, and take into account the varying ages of landfills, local climate parameters, and
the diversity of emission control technologies and best management practices.
California-specific information is needed to determine a more representative level of gas
collection efficiencies that are more applicable to California landfills. To begin this
process, ARB and CalRecycle are currently considering additional research to better
guantify both CH4 and N20 emissions from landfills as well as the gas collection
efficiencies of landfills in California.

For each waste type, the average of the four model runs was used as the avoided
landfill methane emission value for that waste type. The results of the analysis are
discussed in section 3.2.1.

2.2.2 Decreased Soil Erosion (Eb)

When mixed into soil, compost has the ability to decrease erosion and is widely used as
an erosion control device at construction sites, along highways and in agricultural
applications.*3238 Compost decreases erosion because of its ability to absorb and
retain water in its pore holes. This method evaluated the erosion control benefits from
agricultural applications. This benefit was quantified by accounting for the emissions
associated with replacing eroded soil with compost. Erosion control is also related to
carbon content, density and water retention so a decay pattern similar to carbon loss in
compost was used for erosion control.

A study completed by the University of California-Riverside was used to evaluate the
soil erosion.®® This study evaluated two sites: a site damaged by a fire and a
construction site. The construction site used seeded compost, but the researchers
noted that there was no seed growth during the sampling events so the seeded
compost mimicked unseeded compost.3® An average erosion between the construction
site and fire affected site was used in the calculation. The difference in soil retention
between the control and compost-amended site was considered the soil benefit. The
experimental plot values were extrapolated to represent a hectare of application and
converted to a unit representative of soil saved per ton of compost. The emission factor
for replacing one ton of eroded soil was 0.070 MTCO:zE/ton of feedstock (Section 3.1).
The emission factor represents the emissions associated with producing compost to
replace the soil lost to erosion.

2.2.3 Reduced Fertilizer Use (Fb)

The nitrogen content of compost, along with phosphorous and potassium contributions,
provide an opportunity to reduce the amount of fertilizer applied to agricultural
systems.3%-42 Other studies have shown that the use of compost does not entirely
alleviate the need to apply fertilizers to agricultural soils.*® The greenhouse gas benefit



for this variable was quantified as the avoided synthetic nitrogen, potassium, and
phosphorous production from compost use.

The nitrogen, potassium and phosphorous contents of fertilizer degrade more rapidly
than carbon.'? A study by Favoino and Hogg (2008) indicated that nitrogen from
compost is used over a 10-year time period.'° The study also assumed that nitrogen
was “conserved” in the soil over time so the available nitrogen over a 10-year time
period was actually greater than the initial nitrogen content.1° Instead of assuming a 30
percent decay rate as Favoino and Hogg (2008),° this method used a value to 38
percent over a period of 10 years to ensure the nitrogen availability did not include the
“conserved” nitrogen content. It was assumed that the decay of potassium and
phosphorous were similar to nitrogen.

Data was obtained from an independent compost lab that tested nutrient and trace
metal concentrations from compost in California.** The 10-year decay curve was
applied to this data set. The emission factor used for each type fertilizer (N, P, or K)
was based on the avoided life cycle emissions from fertilizer production that would have
occurred in the absence of compost use. The emission factors for N, P, and K are 8.9,
1.8 and 0.96 kg CO2E/kg, respectively.>*°

2.2.4 Reduced Herbicide Use (Hb)

Herbicide use in agricultural fields prevents weeds from growing in unwanted areas.
Studies indicate that compost replaces the use of herbicide by forming a crust over the
top of the soil, making it difficult for weeds to penetrate the surface.*® These benefits
are limited and may last only one year, but allow for the reduced use or alleviation of
herbicide use.*’

Reduced herbicide use was determined from a study from Roe et al (1993).4¢ The
herbicide benefit quantified by this study was multiplied by an emission factor for a
pesticide (A life-cycle analysis was not available for a herbicide, so a pesticide was
used as a proxy).*® Other studies were found that dealt with reduced herbicide use and
composting, but were not applicable because the data was not sufficiently
guantitative.4:50

2.2.5 Conversion Factor (Cuse)

The composting benefits were quantified in terms of MTCO:2E reduced per ton of
applied compost. The conversion factor was used to convert from compost applied to
original feedstock composted. This conversion factor is based on numerous studies
that report the initial amount of feedstock composted and final amount of composted
material %1628



2.3 Compost Emission Reduction Factor

The compost emission reduction factor (CERF) is the sum of compost process
emissions (Etwtal) and compost application emission benefits (Brotal):

CERF = Btotal - Etotal (3)
where,
CERF = Compost emission reduction factor (MTCO2zE/ton of feedstock)
Etotat = Total emissions from the composting process (MTCO:zE/ton of
feedstock)
Btotat = Total emission benefits due to the application of compost

(MTCO:zE/ton of feedstock)
3. RESULTS AND DISCUSSION

This section presents the emissions from the composting process and the emission
reduction benefits from applying compost to a non-amended soil. Included in this
section will be an analysis of the sensitivity of these values in the context of determining
an accurate CERF for use in California.

3.1 Composting Emissions

Composting emissions are calculated in three different categories: emissions from
transportation (inbound (collection) and outbound (delivery)), process emissions
(turning, etc.) and fugitives (pile management). To remain consistent with the approach
of quantifying net compost emission reductions compared to a baseline scenario of
landfilling, the transportation emissions and process emissions from composting are
compared to estimated transportation and process emissions from landfilling. The
calculated values are reported below.

3.1.1 Transportation Emissions (Te)
Transportation emissions occur when the compost feedstocks are collected (inbound)
and when the finished compost product is distributed (outbound). Table 1 shows the

location of composting facility and inbound and outbound transportation averages
obtained from six representative compost distributors across California.?°
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Table 1. Feedstock collection (inbound) and compost delivery (outbound)
transportation distances.

Location Inbound (miles) Outbound (miles)
Oxnard 5 15
Rancho Cucamonga 30 30
San Jose 37 26
Nort_hern Callfornla 50 50
(various locations)

San Diego 108 N/A
Southern San Joaquin 55 20
Average 47.5 28.2
Sum 75.7

Emissions 0.008 MTCOz/ton

The sum of the inbound and outbound travel miles was multiplied by an emission factor
of 101 g CO2/ton-mile.?! The resulting average transportation emissions for the
collection of feedstock and delivery of compost to the end user are

0.008 MTCO:zE/ton of feedstock. Two European studies reported inbound distances of
nine!® and sixteen'® miles. These values are slightly lower than the values used in this
method and represent a 0.003 MTCOzE/ton of feedstock deviation (on the lower side).

U.S. EPA assumes 1.8 gallons of diesel are used per ton MSW for estimating
transportation emissions from landfilling.# Using the emission factor of

10.21 kg CO2/gallon for diesel,!’ this results with estimated transportation emissions of
18.4 kg CO2/ton waste, or 0.0184 MTCOz2/ton waste. Because the fuel data used by
U.S. EPA is based on 1994 data, it may be overestimating diesel fuel use per ton of
MSW given transportation efficiency gains achieved since 1994. Therefore, this value
should be considered an upper bound for landfill transportation emissions.
Nevertheless, for composting transportation emissions to be significantly greater than
landfilling emissions, average inbound or outbound distances would have to be
substantially greater. For example, an increase in average inbound plus outbound
distance of 100 miles would be equivalent to an increase in emissions from 0.008 MT
CO2e to 0.0175 MT CO2/ton waste, which is close to the upper bound landfill estimate
as calculated by using U.S. EPA diesel use assumptions. For this reason, landfilling
and composting are considered to be functionally equivalent with regards to
transportation emissions. Therefore, the transportation emissions term is equal to zero
for the composting emissions calculation.

3.1.2 Process Emissions (Pe)

Composting is completed under varying conditions with specific physical parameters.
Data from a Central Valley compost facility indicates that there is about 0.29 gallons of
diesel and 250 gallons of water used per ton of initial feedstock for an outdoor windrow
(Table 2).2° The data reported in Table 2 represents the overall fuel use per ton of
feedstock (activity column of Table 2). Each activity was multiplied by the
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corresponding emission factor. The overall emission contributions were summed and
averaged to obtain the final emission value (Table 2, last column).

Table 2. Process emissions from compost production.

Emissions
Facility Activity Emission Factor | (MTCOzE/ton
of feedstock)?
#(ﬁ)]l-JtdOOI’ windrow 0.29 gal diesel/ton 10.2 kg COzE/gal® 0.003
iﬁ)zutdoor windrow 0.24 gal diesel/ton 10.2 kg COzE/gal® 0.002
0.56 gal diesel/ton 10.2 kg COzE/gal’ 0.006
Outdoor windrow
#3 0.419
7.2 kWh/ton kgCOE/KWhe 0.003
Average 0.007

a|n order to obtain the total value, an average for each process emission type was taken, when
applicable. For example, the average diesel fuel use was taken between outdoor windrow samples 1-3
while, the electricity value from outdoor windrow 3 only was used. b¢ Reference 51.

The values used for the process emissions in this method were compared to multiple
studies completed in Europe.®'>16 These studies indicate that direct diesel emissions
from shredders, front loaders, and turning equipment is generally in the range of 0.03 -
1.4 gallon/ton of feedstock.® This range is consistent with the above diesel emissions
shown in Table 2. Landfill process emissions include emissions from landfill
construction, waste placement, gas and leachate management, operations, and long
term maintenance. Estimates of process emissions from U.S. landfills range from 0.007
MTCO2/ton”to 0.018 MT CO2/ton.*

Because process emissions from composting likely fall within the same range as
process emissions from landfilling, and are relatively insignificant to the total emission
reduction estimate, landfilling and composting are considered to be functionally
equivalent in regards to process emissions. For this reason, the process emissions
term is equal to zero for the composting emissions calculation.

3.1.3 Fugitive Emissions (Fe)

Fugitive CH4 and N20 emissions were compiled from various selected studies and
averaged together for this method.1519.2227-29 The majority of the references were taken
from a study completed by the Intergovernmental Panel on Climate Change (IPCC), but
additional studies were added to take into account more recent data, as well as to
include studies specific to composting methods and feedstocks utilized in
California.).t>2%53 Tables 3 and 4 show each study used to generate the average for
methane and nitrous oxide emissions respectively from a compost pile.
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Table 3. Fugitive CH4 emissions from composting.

Emission factor

Reference Feedstock (geralkg)

Household organic mixed
Beck-Friis et al (2000)2 with coarsely chipped 7.63
branches and bushes
Organic MSW with bush, 0.17
leaves and grass clippings '
Green waste, sewage sludge

. 0.21
and biowaste

Hellmann et al (1997)°

Amlinger et al (2008)°

San Joaquin Valley Air Central California Green
Pollution Control District waste 2.90
(2013)¢
South Coast Air Quality Southern California Green
Management District waste 0.41
(2001)¢
South Coast Air Quality Southern California Green
Management District waste 0.45
(2001)f
Average 1.96
— 0.049
Emissions

MTCOzE/ short ton
a Reference 22; ® Reference 28; ¢ Reference 19; 4 Reference 15; ¢ Reference 27; f Reference 29;

Table 4. Fugitive N20 emissions from composting.

Reference Feedstock EISSIO [EEey
(gn2o/kg)
Household organic
Beck-Friis et al mixed with coarsely 01
(2000)2 chipped branches and '
bushes
Hellmann et al Organic MSW with
b bush, leaves and grass 0.022
(2997) -
clippings
érg(l)lgg);der etal Green waste and grass 0.13
San Joaquin Valley .
Air Pollution Control g(ragérnalwiiltl;ornla 0.046
District (2013)°
Average 0.075
Emissions 0.021
MTCO2E/ short ton

a Reference 22; ® Reference 28; ¢ Reference 15;

The values used in this method for fugitive methane and nitrous oxide emissions are
consistent with other literature values. For example, the IPCC reports that CHa
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emissions are 4 g CHa/kg of compost and N20 emissions are 0.3 g N2O/kg of
compost.>® The N20 value is lower than the IPCC values and may be due to the
feedstock types used in this method compared to the IPCC. When composting certain
feedstock, such as manure, N2O emissions were higher than this method.?4-26

3.1.4 Summary of Emissions

Table 5 presents the total emissions (Etwtal) from the composting process.

Table 5. Summary of composting emissions (Etotal).

Emission type Emission (MTCO:zE/ton of feedstock)
Transportation emissions (Te) 0
Process emissions (Pe) 0
Fugitive CH4 emissions (Fe) 0.049
Fugitive N20 emissions (Fe) 0.021
Total 0.070

3.2 Compost Use Emission Reductions

Emission reductions occur due to reduced landfill methane emissions and due to the
application and end use of the composted product. For this paper, the benefits of
avoided landfill emissions, reduced fertilizer use, reduced herbicide use, and decreased
soil erosion were used to quantify the GHG emissions. Other benefits to composting
applications have been shown to include the increase in soil water retention, increased
crop yield, and increased microbial activity. However, due to difficulties in applying
these GHG emission reduction benefits to composting alone, these were not included in
the calculations.®®

The section below quantifies the greenhouse gas benefit of applying compost to a soil
system. Instead of presenting a single value, a range for each benefit (when possible)
will be given.

3.2.1 Net Avoided Emissions from Landfills (ALFb)

The degree to which methane emissions are avoided due to composting depends
largely on the characteristics of the type of waste composted. Organic wastes that
contain a higher fraction of anaerobically degradable organic carbon will have higher net
methane generation per ton of material. With the use of phased gas collection
assumptions, the rate of decay of the waste type is a sensitive parameter for
determining methane emissions, as the higher the rate of decay, the more methane gas
will be generated early after waste disposal in the landfill cell prior to the gas collection
system achieving higher gas collection efficiencies. Table 6 below contains the key
parameters used for parameterizing the model.
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Table 6. FOD model parameters.

Parameter Waste Type Value Note
Decay rate (k) Food waste 0.072 Reference 14
(yr) y Yard trimmings 0.068 Reference 14, 61
y Mixed Organics 0.072 Reference 14, 62
Degradable Food waste 0.135 Reference 60
Organic Carbon | Yard trimmings 0.287 Reference 60, 61
(DOC) . .
(Mt C/t waste) Mixed Organics 0.176 Reference 60, 62
Anaerobically Food waste 0117 Reference 60
Degradable _
(ANDOC) Mixed Organics 0.101 Reference 60, 62
(MT C/t Waste) g ' ’
Oxidation factor
(Ox) All 0.1 and 0.35 Reference 63,69,75
(fraction)
Typical Phased:

o 0(yr.1-2)

e 50% (yr. 3) Reference 67

e 75% (yr. 4-10)

e 95% (yr. 11-100)

. Phased with gas

Ga_s _CoIIectlon All collection shutdown at
Efficiency (GCe) year 60

o O(yr.1-2

R 50(3;: (. )3) Reference 71, 74

o 70% (yr. 4,5)

e 80% (yr. 6-60)

e 0% (yr. 61-100)
Decompegion All 6 months Reference 53
Delay (M)
Gas Comgstion | 99.77% Reference 78
Efficiency (flare)
S(I)(zgiliz\ll?;nmg Consistent with

All 25 California GHG

el Inventor
(GWP) Y
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Table 7: Calculation Results in units of MTCO2¢/Short ton input

‘Typical’ Phased Phased with Gas
Waste Type Gz_:\s C_oIIection CoIIe_ctio_n Shutdown Average
Oxidation Factor Oxidation Factor
10% 35% 10% 35%
Food Waste 0.377 0.272 0.525 0.379 0.388
Yard Trimmings 0.197 0.142 0.283 0.204 0.207
‘Mixed Organics’ 0.324 0.234 0.452 0.326 0.334
Total LFG Collection 78.5% 70.0% 74.3%
Efficiency*

* As noted before, the gas collection efficiencies used in this document are based on studies representing
a variety of landfill conditions, locations, years of operation, and degrees of controls. Further California-
specific information is needed in determining a more representative level of gas collection efficiencies
from California landfills. ARB and CalRecycle are currently considering additional research to better
guantify both CH4 and N2O emissions as well as the gas collection efficiencies of landfills in California.

As observed in the calculation results shown in Table 7, the waste components with
higher decay rates (food waste and ‘mixed organics’) have the highest avoided
emissions. Equally as important is the amount of total anaerobically degradable carbon
in each type of waste (ANDOC). Yard waste has high total carbon per short ton of
material (0.287 MT C/ ton), but only 28.7 percent of the carbon will decompose in an
anaerobic landfill environment.'# Therefore, much of the carbon in yard waste does not
readily decompose to create methane gas. On the opposite end of the spectrum is food
waste. Food waste (as measured on a wet basis) is high in moisture and relatively low
in carbon content (0.135 MT C/ton), however the majority of the carbon in food waste
(86.5 percent) will rapidly decompose to create methane. Predictably, the mixed
organics category falls in between food waste and yard waste. The input parameters
for the mixed organics category were determined by weighting the parameters of
individual components (food waste, grass, leaves, sticks/branches) by their relative
‘waste disposed’ fractions based the most recent CalRecycle statewide waste
characterization study.®®> Because the ‘disposed’ organics waste stream is dominated
by rapidly degrading food waste and grass/leaves, collectively making up 88 percent of
the ‘mixed waste’ category, using a weighted average decay rate value results with a
waste stream that is relatively rapidly degrading (with a decay rate only slightly less than
food waste) and with only a slightly lower ANDOC than a ton of food waste alone.*
Therefore the mixed waste parameterization resulted with a modeled waste stream with
a methane potential closer to that of food waste rather than yard waste.

Recent literature suggests the possibility that decay rates may be higher than indicated
using the typical default values used by U.S. EPA.”® It should be noted that higher
decay rates would greatly impact the outcome of this calculation and could substantially
increase total estimated emission reductions from avoided landfill methane. In addition,
uncertainties in other landfill parameter values (oxidation factors, gas collection
assumptions, and decomposition delay) have the potential to alter the emission
reduction calculation results.
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3.2.2 Decreased Soil Erosion (Eb)

Decreased erosion from addition of compost to soils is directly related to carbon content
and water retention rates.3! The curve in Figure 1 was used to determine the erosion
capacity of compost. For initial inputs to the decay curve, the California-specific study
by Crohn (2010) was used.®®> Compost applied to the fire affected site and construction
site reduced soil erosion by 91 and 328 Ibs/ton of compost on a 1-year timescale,
respectively. This corresponds to a 30-year soil retention benefit of 1750 and 6300 Ibs
of soil/ton of compost for the fire affected and construction sites.

The emission factor used for this production was generated from the emissions
associated with the composting process (Table 4). The emission factor is

0.07 MTCO:zE/ton of soil, which equates to an average savings of 0.14 MTCO:zE/ton of
compost and a range of 0.06-0.22 MTCO:zE/ton of compost (after being multiplied by
the pounds of soil saved) over a 30-year time period.

The values used in this method are slightly higher than two other studies.3?38 The
values in the existing studies range from 33-64 Ibs/ton of compost on the 1-year
timescale.3>3® However, these studies simulated single rain events, while the study by
Crohn (2010), looked at multiple rain events over a longer time period.

0.002

0.0018
0.0016
0.0014
0.0012

0.001

emission benefit (arbitrary units)

0.0008 |

00006 L L L n I 1 I n L L 1 I I I I 1 I I I I 1 I I I I 1 I I I I
0 5 10 15 20 25 30

time (years)

Figure 1. Decay curve used for decreased erosion benefits (Eb) of composting.
3.2.3 Reduced Fertilizer Use (Fb)

Fertilizer use in non-compost amended agricultural fields is often costly and leads to
deleterious effects on soil health.2 Amending a soil with compost has the ability to

decrease the fertilizer requirement, but not totally eliminate the application.** Table 8
presents the NPK fertilizer benefits from compost application.
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Table 8. Fertilizer benefit from compost application.?

Mass, Mass, Benefit,
Fertili Icsrf:eﬁtt 1l-year 10-year 10-year
ertifizer (%'/g (kg/ton of (kg/ton of (MTCOzE/ton
compost) compost) of compost
Nitrogen (avg)® 1 9.1 24 0.21
Nitrogen (range)°® 0.4-1.5 4.0-13.6 10.6-35.9 0.094-0.32
Phosphorous (avg)“ 0.8 7.3 19.3 0.035
Phosphorous 0.0-1.6 0.1-14.5 0.3-38.3 0.0005-0.07
(range)°®
Potassium (avg)® 0.7 6.4 16.9 0.017
Potassium (range)°® 0.3-1.3 2.7-11.9 7.1-31.4 0.007-0.03
Average 0.26
Range 0.1-0.42

a Reference 44. b n =1215. ¢ Range is based on a confidence level of 68% or one standard deviation
(1o). 9n=1356.¢°n =1354.

The results from this method compare well with existing literature studies. The average
fertilizer benefit from these studies was 0.17 MTCO:zE/ton of compost with a range of
0.14-0.32 MTCO2E/ton of compost.®:10.16

3.2.4 Reduced Herbicide Use (Hb)

The quantitative results from a study that evaluated the effectiveness of compost at
weed suppression were used. In this study, a glyphosate spray was applied to a bell
pepper field and compared to other field plots that used compost or no amendment
(control). The results indicated that compost was as effective as the herbicide.*®
Assuming a 100 percent replacement of herbicide by compost, the herbicide reduction
value was multiplied by an emission factor that quantified the emissions associated with
herbicide production.?¢48 This produces a measurable, but highly uncertain greenhouse
gas benefit (< 0.001 MTCO2zE/ton of compost) due to the large amount of compost
needed to achieve the same benefit as a small amount of herbicide. In terms of the
overall contribution to the CERF, this benefit is negligible.

3.2.5 Conversion Factor (Cuse)
The conversion factor is used to convert from tons of compost to tons of initial
feedstock. This conversion was done on a wet weight basis and is consistent with the

method used for the composting emissions from section 3.1. Table 9 summarizes the
studies used to determine this value.
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Table 9. Conversion factor inputs.

Reference Feedstock Conversion Factor
Hellmann et al (1997)2 | Organic MSW,
0.66
yard waste
Blengini et al (2008)° Organic MSW 0.28
Boldrin et al (2009)° Food waste, 055
green waste '
Breitenbeck et al Various green 0.81
(2004)¢ wastes '
Average 0.58
Range 0.28-0.81

a Reference 28; b Reference 16; ¢ Reference 9, 9 Reference 52
3.2.6  Summary of Emission Reductions
Table 10 presents the overall emission benefits from using compost.

Table 10. Summary of composting benefits (Btotal).

.. Emission . . )
Emission . . Final emission reduction by
feduction reductlc/)n Co?versmn waste type

type LR actor (MTCOzE/ton of feedstock)

of compost)

Avoided Food Yard Mixed
Landfill N/A N/A Waste | Trimmings | Organics
Emissions 0.39 0.21 0.33
Decreased 0.25 0.58 0.15 0.15 0.15
Soil Erosion
Decreased
Fertilizer 0.26 0.58 0.15 0.15 0.15
Use
Decreased
Herbicide 0.0 0.58 0.0 0.0 0.0
Use
Total N/A N/A 0.69 0.51 0.63

3.3 Final Compost Emission Reduction Factor

The CERF is determined by subtracting the composting emissions from the composting
emission reductions for each waste type. The results are included in Table 11.
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Table 11. CERF values by waste type.

Compostin Compostin Al AR
Waste Type p 9 'posting (MT CO2e/ ton
Benefits (Btotar) Emissions ;
waste input)

Food Waste 0.69 0.07 0.62
Yard 0.51 0.07 0.44
Trimmings
Mixed 0.63 0.07 0.56
Organics

This leads to a CERF of 0.44 — 0.62 MTCO2E/ton of feedstock.
3.4 Variability Analysis

The studies used to calculate each variable that contributed to the CERF were spread
over a wide range of values. For instance, the fugitive CH4 emissions ranged from 0.17
to 7.63 gCHu/kg (Table 3) and the fertilizer benefits ranged from 0.1-0.42 MTCOzE/ton
of compost (Table 5). This wide range illustrates the uncertainty associated with each
of these factors due to variability in the compost processing and in the physical
properties of the soil to which the compost is added.

To quantify the range of values for avoided landfill emissions (ALFb), this method
adjusted sensitive parameters of decay rate (k), oxidation rate (OX), and decomposition
delay (M) but did not adjust waste characteristic inputs (DOC, ANDOC) because a
range could not be determined for these default values. The high range model uses the
phased gas collection scenario with shutdown at year 60, and the low range model
value uses the phased approach with 95 percent gas collection after installation of the
final cover. Decay rate values are generally based on the moisture conditions of the
landfill, which is a function primarily of annual rainfall. Per the ARB GHG Inventory, the
Waste-In-Place (WIP) weighted average landfill decay rate for California is 0.022 yr?,
which is very close to the EPA default value for a dry (low moisture) landfill (0.020 yr-
1).1460 Therefore, the original model runs used the U.S. EPA waste-specific decay rates
for ‘dry’ landfill conditions, which is most representative of California landfills. These
decay rates are already on the lowest end of the spectrum, so no change was made to
decay rates for the low-range calculation. To estimate a range for high range decay
rates, it was noted that recent research suggests decay rates at landfills may be higher
than default values indicate. Therefore the high-end estimate uses the higher decay
rates equivalent to an ‘average’ landfill rather than a ‘dry’ landfill. Table 12 provides the
key parameters used and the results of the low/high model runs for ALFy, values.
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Table 12. Parameters and results of the avoided landfill variability analysis.

Waste Decay rate Oxidation Decompositio Result
Tvoe (k) (ox) n Delay (M) (MT CO2e /ton)
yp Low High Low High Low High Low High

Food 0.072 | 0.144 | 36% 7 | 10% | 12mo. | Omo. | 023 | 0.71
Waste
Yard 77

. . 0.068 0.135 | 36% 10% 12 mo. | 0 mo. 0.12 0.38
Trimmings
Mixed 0.070 | 0.143 | 36% 7 | 10% | 12mo. | Omo. | 020 | 061
Organics

In order to assess the possible range of CERF values, the following equation was used:

CERFrange = CERFL to CERFH (4)

CERFL = ((Z BtotL) X CuseL) + ALFL - EtotH (5)

CERFH = ((Z Btott) X Cuser) +ALFH — EtotL (6)
where,

CERFmange = Possible range of the CERF based on evaluation of the lowest
and highest compost emissions and benefits (MTCOzE/ton of
feedstock)

CERFL = Lowest possible CERF (MTCO:2zE/ton of feedstock)

CERFH = Highest possible CERF (MTCO:zE/ton of feedstock)

BrotL = Sum of compost benefits based on the lowest values from this
method (MTCO2zE/ton of compost) = 0.07 MTCO:zE/ton of
compost

CuselL = 0.28 ton of feedstock/ton of compost

Etoth = Sum of compost emissions based on the highest values from this
method (MTCO:zE/ton of feedstock) = 0.21 MTCO:zE/ton of
feedstock

BtotH = Sum of compost benefits based on the highest values from this
method (MTCO:zE/ton of compost) = 0.63 MTCO2E/ton of
compost

CuseH = 0.81 ton of feedstock/ton of compost

Etotl = Sum of compost emissions based on the lowest values from this

method (MTCO:zE/ton of feedstock) = 0.01 MTCO2zE/ton of
feedstock

Table 13 provides the results of the variability analysis after factoring in the avoided
landfill results.
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Table 13. Results of the variability analysis (MT COze/ton).

Food Waste Yard Trimmings Mixed Organics
Low Range 0.09 -0.02 0.06
High 1.33 0.99 1.23
Range
Average 0.76 0.49 0.65

Applying the values for each variable, the CERFrange is from a minimum of ~ O for yard
trimmings to a maximum of 1.33 for food waste. The actual calculated values used in
the CERF are either slightly above (food waste) or below (yard trimmings, mixed
organics) the average of the variability analysis.

The CERF obtained from this method has uncertainties due to the lack of general
scientific understanding of some physical processes and emissions pathways for
landfills and compost piles, potential multiplicative compost application benefits to soll
carbon, absence of literature articles, and reliance on non-California specific study
locations and default assumptions.

The application of compost to a non-amended soil provides soil benefits (benefits were
discussed in this method). Uncertainties occur when researchers attempt to link a
specific compost benefit to a modification of soil properties. For example, soil type
plays a large role in the magnitude of a compost benefit. It is unclear what factors (type,
size, pH, etc.) of the mineral composition of the parent soil impact the compost benefit.

Current compost literature focuses mainly on the fugitive emissions>19.20.27-29 that occur
during the composting process. Few studies evaluate the process emissions or the
benefits from the end uses of compost. The most prevalent composting benefits
discussed in the literature were increased soil carbon storage®'#1® and decreased
fertilizer use®10.1644 " Additionally, the erosion and water use results were extrapolated
from laboratory-scale experiments as opposed to macro scale field methods.
Extrapolating the data may skew the results, depending on the physical properties of
the compost. The herbicide results are based on only one study.*® It was difficult to
obtain reliable results from a single experiment, plus life-cycle information on herbicides
was difficult to obtain and a pesticide life-cycle was used as a proxy.*®

This method was able find some California-specific compost studies to use for
guantification (process emissions, transportation emissions, reduced water use,
reduced soil erosion, and reduced fertilizer use). The other studies came from the
United States (soil carbon storage and reduced herbicide use) or well-reputed
international sources (fugitive emissions were modified from IPCC data).

As additional research is completed, the uncertainties will diminish. In the interim, it is

important to understand the shortcomings of this quantification method and apply them
in a judicious manner.
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4. SUMMARY

This method presents a compost emission reduction factor (CERF) for composting in
California. This method accounts for the emissions (transportation, process, and
fugitive) from the composting process and the benefits (avoided landfill methane,
reduced soil erosion, decreased fertilizer use, and decreased herbicide use) as
compared to a baseline scenario of landfilling. A summary of the emissions and
emission reductions are shown in Table 14.

Table 14. Summary of compost emission reduction factor (CERF).2

Emissions
Emission Type Emission (MTCOzE/ton of feedstock)
Transportation emissions (Te) 0
Process emissions (Pe) 0
Fugitive CH4 emissions (Fe) 0.049
Fugitive N20O emissions (Fe) 0.021
Total Emissions 0.070
Emission Reductions
Emission Final Emission
Emission reduction reduction Conversion factor reduction
type (MTCO2E/ton of (MTCOzE/ton of
compost) feedstock)

Decreased Soil
Erosion (Eb) 0.14 0.58 0.08
Decreased Fertilizer
Use (Fo) 0.26 0.58 0.15
Decreased
Herbicide Use (Hb) o 0.58 0.0
Emission Reductions without ALFp 0.23
Avoided Landfill Food Waste Yard Trimmings Mixed Organics
Methane
(ALFy) 0.39 0.21 0.33
CERF 0.62 0.44 0.56

& The CERF was determined by subtracting the emissions from the emission reductions.
5. Changes in Biogenic Emissions

Organic waste contains varying fractions of biogenic carbon, which is carbon that was
removed from the atmosphere via plant respiration and is considered to be part of the
natural carbon cycle. Both the type of waste and the method of waste management will
determine the quantity and rate at which biogenic carbon is emitted back to the
atmosphere as biogenic CO2. Because this method is relying on a carbon flow
accounting system to ensure consistency with the ARB GHG Inventory approach, the
amount of biogenic carbon that is returned back to the atmosphere as CO: s calculated
both for composting and landfill waste management systems. The results are
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discussed, however per IPCC and ARB GHG Inventory guidelines, the biogenic CO:2
emissions are not included in the final compost emission reduction factor.

5.1 Biogenic Emissions from Landfilled Organic Waste

Landfilled carbon-bearing waste degrades mainly through anaerobic decomposition.
This anaerobic biodegradation process generates approximately equal amounts of CO2
and CHa4 gas as a byproduct. Some types of waste do not decompose or do so very
slowly in anaerobic environments; therefore a significant fraction of organic carbon is
stored in the landfill long term. The fraction of carbon that can decompose
anaerobically varies by waste type. Woody materials tend to have a high fraction of
carbon that does not decompose under anaerobic conditions, whereas food waste and
grass clippings have a relatively low fraction of carbon that does not decompose
anaerobically.®® The waste characteristics for the ‘mixed organics’ category of waste
(which is a combination of food waste and yard trimmings) were used for input into the
biogenic COz2 calculation.

To determine net biogenic emissions of CO2z from landfilling, this method used the
following approach:

1. The total anaerobically degradable carbon (ANDC) was determined by
multiplying the total carbon (DOC) by the anaerobically degradable fraction
(DOCx) factor,

2. The total anaerobically degradable carbon was assumed to be equal to the net
carbon emitted as either CO2 or CH4 over the 100 year time horizon of the FOD
model.

3. The total carbon emitted as methane was subtracted from the total anaerobically
degradable carbon to get the total quantity of carbon emitted as CO2. Carbon
contained in the CHa4 gas that is oxidized by landfill cover material or by
combustion by the LFG collection system was assumed to be emitted as
biogenic CO2 2.Carbon contained in the CH4 gas that is oxidized by landfill cover
material or by combustion by the LFG collection system was assumed to be
emitted as biogenic COx.

Bio CO2.r = Bio_CLrx (44/12) (7)
BiO_CLF = ANDOC — Cmethane (8)
ANDOC = DOC x DOC;¢ (9)
where,
Bio CO2.r = Estimated biogenic emissions from landfilled organic waste
(MT COzE/ton of feedstock)
Bio_CiLr = Estimated biogenic emissions of carbon from landfilled organic

waste (MT C/ton of feedstock)
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ANDOC = Total anaerobically degradable organic carbon (MT C/ton of
feedstock)

Crmethane = Total carbon emitted as methane, which is equal to the average
result of the FOD model converted to units of (MT C/ton of
feedstock)

DOC = Degradable organic carbon content of waste (MT C/ton of
feedstock)

DOCx = Fraction of the degradable organic carbon content of waste that

can decompose under anaerobic conditions (fraction)

Table 15 below contains a summary of the biogenic emissions from landfilled organic

waste calculated.

Table 15. Summary of results of biogenic emissions from landfilled organic

waste.
Waste Type ANDOC C_Methane Total Bio CO2
(MT C/t waste) (MT C/t waste) (MT CO2/t waste)
Food Waste 0.117 0.012 0.385
Yard Trimmings 0.063 0.006 0.209
Mixed Organics 0.101 0.010 0.334

5.2 Biogenic Emissions from Composted Organic Waste

While landfilling subjects waste to an anaerobic environment, composting is designed to
break down organic waste in a primarily aerobic environment. Degradable organic
carbon decomposes primarily into biogenic COz, with trace amounts of carbon emitted
as CHa.° Similar to landfills, the total carbon released as CO2 during composting is
dependent on the properties of the waste. Carbon that is not released remains in the
compost, some of which will further decay after finished compost has been applied to
soils.

There are three main types of carbon in finished composts with regard to carbon decay
kinetics: fast, slow and passive. The fast and slow carbon, otherwise known as active
carbon, degrades due to bacterial and fungal use of carbon compounds in the soil. The
passive carbon content is made of humic substances, large organic macromolecules
formed during the thermophilic stage of the composting process.* Passive carbon
decays extremely slowly, if at all. In this method, a study that quantified the soil carbon
storage separately for the active and passive carbon was used.'*

For this method, the biogenic emissions from composting were estimated by assuming
that the entirety of the degradable organic carbon content of the waste is emitted as
COg2, either during the composting phase or after compost application, with the
exception of the carbon that is stored in soils longer than 30 years as quantified in the
previous version of this study.®® The waste characteristics for the ‘mixed organics’
category of waste (which is a combination of food waste and yard trimmings) were used
for input into the biogenic CO:2 calculation.
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where,
Bio CO2c

Bio_Cc

DOC
CS

Bio_CO2c = Bio_Ccx (44/12) (10)
Bio_Cc = DOC — CS (11)

Estimated biogenic emissions from composted organic waste,
including downstream emissions after application to soils

(MT CO2E/ton of feedstock)

Estimated biogenic emissions of carbon from composted organic
waste including downstream emissions after application to soils

(MT Clton of feedstock)

Degradable organic carbon content of waste (MT C/ton of feedstock)
Estimated carbon stored in soils 30 years after application of
compost, as calculated above (MT C/ton feedstock)

5.3 Biogenic Emissions Results

Table 16. Biogenic emissions results.

Waste Tvpe Bio_CO2.r Bio_CO2c
yp (MT CO2/ton waste input) | (MT CO2/ton waste input)
Mixed Organics 0.33 0.39

From the results of this estimation shown in Table 16, biogenic emission of CO2 would
not be expected to vary significantly for a mixed organics waste stream when the waste
is diverted from landfill to composting. Although the composting process leaves a
considerable fraction of carbon in the finished compost, much of this carbon will decay
into CO: following application of the compost to soil. This result suggests that the total
amount of carbon that remains in the solil after 30 years is comparable to the total
amount of carbon that would be stored in the landfill long term from a mixed organic

waste stream.
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